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Abstract

Flow state is a psychological state of optimal perfor-
mance. To experience flow state, one needs to receive
unambiguous feedback. Previous studies have described
activities with internalized feedback modalities (e.g. visu-
al). However, they do not offer any appropriate feedback
modality for the activities that need external feed-back,
such as opponent-based sports. Addressing the issue, we
adopted a research through design process and consid-
ered tennis as our case, in which there is a clear need of
psychophysiological feedback [1]. This pictorial reveals
our approach to design 6 wearable device concepts under
3 design themes as future directions for design practitio-
ners and researchers.
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ACM Classification Keywords
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Introduction

Psychophysiology focuses on measuring psychological
states and processes such as emotion, attention, and
stress, and correlating them with physiological measures
like heart rate variability (HRV) and respiration rate (RR)
[2]. A particularly interesting psychological state is the
flow state [3], which is typically characterized by an
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autotelic experience. Flow is experienced when the
self is fully immersed in an activity which meets the
individual’s skill level with appropriate challenge,
when the individual has clear goals to overcome
this challenge and experiences a sense of euphoria
in the process that leads up to the optimal perfor-
mance in that activity. Therefore, adapting flow
state to sports, as a psychophysiological measure,
creates a huge potential for optimizing performance
of sportspeople.

In a previous study, in-depth interviews with 20 pro-
fessionals revealed that tennis players cannot reach

their optimal performance due to the mental load in-
herent to opponent-based sports [1]. We argue that
inducing flow state in players can help them manage
this mental load. Moreover, flow state, is commonly

referred to as ‘the zone’, in tennis [4]. Thus, we con-
sidered tennis as a design case, to develop methods
and technologies to induce flow state in players.

According to the 9 dimensions of flow state (Figure
5), giving immediate and unambiguous feedback is
necessary to induce flow in players [5]. We surveyed
the literature for flow state feedback, and found that
except games [6] which are designed especially to
induce flow, most studies investigated simple activi-
ties, such as those performed through mobile or
web applications [7]. Furthermore, the activities de-
scribed in those studies, used internal parameters to
give feedback, like speed or the visuals of the task,
which is relevant for the experience of flow state

[6, 8]. However, there are no fixed internal param-
eters in the case of tennis, since the variables of the
activity are unpredictable, such as the interference
of the opponent. In such cases, flow state feedback

may become ambiguous. We argue that activities like ten-
nis can benefit from external feedback modalities, which
would help to provide unambiguous feedback. To the best
of our knowledge, there is no information in the literature
to design external feedback modalities in such activities.
We speculate that in tennis, wearable technology has

a potential in exploring external feedback modalities to
induce flow state.

This pictorial reveals our early 5 step research through
design approach to explore feedback modalities that can
induce flow state for tennis: (1) we interviewed 6 elite
coaches to learn about flow in tennis, (2) observed 2 ten-
nis players’ flow state in a game, (3) reviewed 26 related
papers for important indications and (4) the appropriate
modalities to induce flow state, and (5) designed

6 wearable device concepts under 3 design themes (Figure
1).
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Figure 1. Flow chart, summarizing our 5 step RtD process.
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Body
Language

Signs such as gazing around or anxious body
expressions can imply the opposite of flow
state: “fall’.

One’s general mobility such as how much
they run, the visible energy level, the feet
rythm can imply flow state.

Posture

AL

Holding the head or shoulders up, showing
the opponent that one is focused and ready,
can imply flow state.

Rituals

3/6

Keeping up with routinized personal
behaviors such as bouncing the ball 3
times before serving can imply flow state.

Figure 3. Tennis specific

cues of flow state.
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Step 1. Interviews with Coaches

For initial exploration of the flow state phenomenon in
tennis, we interviewed 6 elite coaches collaborating with
Tennis Federation of [Author’s country] [9] (Figure 2). We
identified that tennis specific cues of flow state are mostly
relevant to body language, posture, activity and rituals

of the players (Figure 3). In addition, these cues are also
observable to their coaches, which enables observers to
identify the flow state of tennis players.

Figure 2. Our interviews with 6 elite coaches.
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Step 2. Tennis Game

We observed 2 professional players’ tennis game while their coach
commented on their flow states. We gathered field insights for
both the flow state and its opposite, the ‘fall’ (Figure 4).

We observed that one of the players’ activity and One player picked four balls, bounced one of them, One player showed his opponent that he is in the

mobility increased, every time he was in the flow and threw that ball. Then, he put two of them in his flow state, with his confident posture and concen-

state, as his coach claimed. pocket and served with the other. This ritual helped tration, while he was waiting for opponent to serve.
him to get in the flow state, as his coach suggested.

We observed that one of the players held his head One player’s body language changed as he lost a One player started to look outside of the court. His
and shoulders down, as he started to lose points critical point. He started to argue with himself and coach suggested that he was in the ‘fall’, because
and get in the ‘fall’. pushed himself to the ‘fall’. he was looking for help.

Figure 4. Field insights from the tennis game.
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Routinize the process with rhythmic
interactions [7].

Use intuitive interactions such as the
waiting for the serve gesture [10].
Bodily map the interactions to the
postures and the behavior [11]. 2l.
Give fluent steps by using or creating

rituals [11].

interactions [6].

intuitive actions [6].

Loss of
Self
Consciousness

@
W) ( Q-

Dimensions

Action and

Awareness
Use principles
of Minimal
Attention
User
Interface [21].
Be non-intru-
sive [16].
Distract
during ‘fall’,
concentrate
during the
flow state [8].

Concen-
tration
on the
Task

Give implicit
feedback [19].

Give immediate (in
game) but not
instantaneous
feedback [20].
Show the status [6].
Give continuous
feedback and use
repetition [17].

Use deception (false

feedback) to increase Not pressure the player by

the de_sired using timing expressions
behavior [18]. [16]

Immediate
Feedback

Transformation
of Time

Use only tennis related
Embed the interface into

Use non-intrusive interface

Use incremental success by arranging
goals: Shot->Point->Game->Set->-
Match [13].

Set realistic goals: Primary goal is
taking the point [14].

Progress in this hierarchy [6].

Clarity of
Goals

Not have direct
controls (no
chance of error] [6].
Reflect the action
to show the impact
[6].

Help the player to
feel dominant and
to guess what
happens next [6].

Paradox
of
Control

Challenge
Skill
Balance

Give positive feedback
over negative, unless
player is highly motivated
[15].

Intervene only in the
intervals of concentra-
tion loss [12].

Be attentive to the users’
personal limits [14].

Figure 5. Important indications according to 9 dimensions of flow state.
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Step 3. Important Indications
As the next step, we reviewed the
literature for flow state feedback.
We reached 95 papers using the
keywords flow, psychophysiology,
attention, mindfulness, real-time
feedback, biofeedback, and neu-
rofeedback. We chose 26 papers
according to their relevance to flow
state and its 9 dimensions. Applica-
tion areas of these studies were:
games, virtual reality, augmented
reality, emotions, stress, attention,
mindfulness, public speaking, sports,
and piano playing. The psychophysi-
ological measures were: heart rate,
heart rate variability, electroenceph-
alography, respiration rate, electro-
oculography, galvanic skin response,
and electromyography.

We synthesized a hierarchy of attri-
butes a wearable device must, should
and could have to induce flow state
according to its 9 dimensions (Figure
5).

A wearable device...

must...
should...

could...
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Step 4. Feedback Modalities

We grouped strengths and shortcomings of feedback
The most suitable feedback modality should be, modalities that are presented in the reviewed studies, to

identify the most appropriate modality (Figure 6). Addi-

continuous, rhythmic, intuitive, tionally, we mapped ‘the musts’ of the previous analysis to
the modalities. We then generated 8 conceptual keywords
to inspire wearable device concepts. We believe that the
most suitable modality should be continuous, rhythmic,
intuitive, implicit, intrinsic haptic feedback, and minimal

@
@ and minimal attention visual feedback.
FROM INDICATIONS attention visual feedback.

CONCEPTUAL
KEYWORDS

implicit, intrinsic haptic feedback,

Continuous
Rhythmic
Intuitive

Is a controlled design task
[6].
Requires full attention [8].

® Can convey emotions [22].

Implicit
Intrinsic

J

Thermal

Minimal attention

Non-intrusive
Takes shorter to react [23].

Is easy to perceive [23].
Can convey emotions [22].

Takes shorter to react

Non-disruptive

Can use rhythm and tempo [25].

[29].' 6 moda- Can convey emotions [24].
Can increase bodily lities Can be distractive from
awareness [28]. Feedback the task, if it is the

Is less likely to disrupt the

primary task [30] primary stimuli [13].

Can be used as secondary
stimuli [26].

1

Notification

@ Sstrengths for flow Is hard to perceive [23].

Takes longer to react [23].
© Can be rhythmic and meditative [28].
© Can be continuous [11].
0 Requires low attention [28].

Is an intervention [7].
® Requires low attention [27].

Shortcomings for flow

Figure 6. Feedback modalities.
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Step 5. Concepts

So far, we have gathered 4 tennis specific flow state cues
from coaches, and derived conceptual keywords from the
literature, to design a diverse range of wearable device
concepts. Accordingly, we designed 6 wearable device con-
cepts. Note that we did not consider technological limita-
tions in this process. In this section, we elaborate on these
concepts according to 3 tennis related design themes:
tennis tools, tennis garments and tennis rituals (Figure 7).
We present 2 concepts for each theme. In the 'Discussion
and Reflection’ section we show how we combined the
conceptual keywords via wearable devices.

Tennis Tennis Tennis
Tools Garments Rituals

TRACKET | KINEBALL CHARGE DROPLET | HIPPER

Figure 7. 6 wearable device concepts under 3 design themes.
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Tennis Tools
Conventional tennis has 2 main tools: the racket and the
ball. These tools can serve as feedback modalities. Cor-

. respondingly, we designed Tracket, an augmented tennis
Tracket is an augmented tennis racket that has haptic cords on the - E Fi gy, dgK' ball g d is ball
handle and LEDs on the sides. It has motion sensors to detect the Tennis racket (Figure 8), and Kineball, an augmented tennis ba

player’s flow state. When it detects the flow state, the haptic actuators Tools with a complementary smart glove (Figure 9).
embedded in the haptic cords start to vibrate, generating a circular,
continuous, rhythmic motion perceived by the hand. Also, it detects
in-game breaks through the motion sensors, to show the status of the

player. As an example, while the player is waiting for the opponent to KI N E BAL L

serve, the LEDs light up rhythmically to reveal the flow state status of

TRACKET

the player. Kineball is an augmented tennis ball with motion sensors and a complementary
smart glove with haptic actuators. When flow state is detected, the haptic actua-
STATUS FEEDBACK tors embedded in the glove simulates the kinesthetic sense, such as the grip of the

THROUGH LEDS, " ball. The motion sensors in the ball detects the contact points of the ball, such as

WHILE WAITING the contact with the opponent’s racket, and creates a similar reaction on the glove.
THE SERVE

MOTION
"j LEDS SENSORS
¥ ON THE RUBBER
g~ SIE FILL
TENNIS
IN GAME, BALL
RHYTHMIC
FEEDBACK

IMMITATES THE
HAND GRIP OF
THE BALL

THROUGH THE
HAPTIC CORDS

GIVES KINESTHETIC FEEDBACK OF THE

EMBEDDED HAPTIC BALL BY THE HAPTIC ACTUATORS

ACTUATORS

Figure 8. Tracket’s design concept.
Figure 9. Kineball’s design concept.
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Tennis Garments

Aside from the tennis tools, there are also tennis gar-

ments, which players wear in conventional tennis settings.

The most common garments are tennis shirts, shorts and
Tennis shoes. Thus, we designed Charge, a haptic shoe (Figure

Garments 10), and Cords, a haptic body suit (Figure 11).

CHARGE

Charge is a haptic shoe. It detects the flow state by 2 methods: the
body language and posture cues by the pressure pads, and the
activity and ritual cues by the motion sensors embedded in the shoe.
When flow state is detected by either method, the shoe encloses its
outer layer with a haptic feedback. It results in tightenining the laces
Also, the LEDs under the shoe starts to light up in a rhythmic motion.
These LEDs can also project the status of the player on court, with a
stomp gesture.

Cords is a haptic body suit. It detects flow state, through the heart rate and

motion sensors embedded in the collar of the suit. When flow state is detected,

the haptic feedback circulates through the body via haptic cords. These cords are
ENCLOSING HAPTIC FEEDBACK located between the muscles. Also, it has LEDs on the sleeves of the suit. When

THROUGH THE OUTER LAYER the player lifts his/her hand, the LEDs show the status of the player.

HEART RATE AND
MOTION SENSORS
EMBEDDED IN THE

LEDS SHOW COLLAR

THE STATUS

PRESSURE PADS
DETECT THE
POSTURE OF THE

PLAYER

EMBEDDED MOTION SENSORS
‘ DETECT THE
MOVEMENT

5 STATUS IS PROJECTED

GIVES KINESTHETIC FEEDBACK OF THE

BALL BY THE HAPTIC ACTUATORS HAPTIC CORDS RUN THROUGH THE i

Figure 10. Charge’s design concept.
Figure 11. Cords’ design concept.
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Tennis Rituals

Rituals are repetitive and superstitious personal behav-
ior such as bouncing the ball 3 times before serving or
arranging the water bottles in a specific order before
Tennis every 2nd set. Our coaches and field insights highlight
Rituals that rituals are a part of flow state in tennis. Inspired by
this unique attribute, we designed Droplet, a smart water
bottle for water break rituals (Figure 12), and Hipper,
smart shorts for ball collecting rituals (Figure 13).

HIPPER

Hipper is smart tennis shorts. It has a V-shaped pocket from a shape changing
fabric, on the back side. Throughout the game, the player collects balls in this
aT) pocket. When flow state is detected, the pocket tightens and squeezes the tennis

STATUS

FROM teiReeE
y balls to the hip reflexory massage trigger points. Thus, the carried balls massage
IN BREAK the player giving haptic feedback.
WATER
WRISTBAND ) DRINKING
COLLECTS THE §\ RITUAL BALL COLLECTING RITUAL
DATA AND .
GIYI'IiSNIESJQN- ( ., SHORTTIGHTENS, _
FEEDBACK o TENNIS BALLS _— s
s MASSAGES THE 9
o] HIPS - BALLSARE ¢
g CARRIEDON O
ISy THE HIP =1
8 “% REFLEXORY ‘i
HAPTIC © MASSAGE 3
FEEDBACK B TRIGGER
THROUGH THE a POINTS o}
BOTTLE PH OF THE o s
WATER, THUS, a T
TASTE . .
CHANGES a °
ACCORDING TO o o
THE FLOW 5 5
[=)] (=)}
i SHAPE CHANGING FABRIC ic



Discussion and Reflection

Our 5 step research through design process yielded in a
diverse range of wearable device concepts to discuss. We
designed 6 wearable device concepts under 3 themes:
tennis tools, tennis garments and tennis rituals. In this
section, we discuss design opportunities and challenges by
comparing the 3 design themes with our findings.

Tennis tools. These tools are mandatory in tennis, such

as the racket or the ball, to which every player is accus-
tomed. We explored ways in which they provide rhythmic
and continuous feedback by relentless touch, as well as
intuitive, implicit, intrinsic, and minimal attention attri-
butes by habitual contact. Furthermore, they mainly afford
tactile interactions that allow us to incorporate haptic
features. However, these tools are also the main actors in
the dynamics of a conventional tennis setting. Since they
are a part of the unchangeable in tennis, re-designing
these tools according to appropriate feedback modalities
poses a challenge. This challenge reflected on our con-
cepts as both Tracket and Kineball cannot offer more than
augmenting haptic features to conventional tennis rackets
and balls. They also cannot offer more than motion track-
ing to detect the flow state cues, because they are limited
to their generic use. Due to the same limitation, we argue
that both concepts have the risk to becoming intrusive and
disruptive, which is not ideal as indicated by our findings.

Tennis garments. Tennis garments such as the shirt or the
shoe provides similar opportunities as the tennis tools.
However, these garments are not considered mandatory.
They come in many varieties and they are not integral

to the game, which creates a higher flexibility to design
appropriate feedback modalities. Although Cords does not
offer more than our tennis tool concepts, Charge has a
higher potential. It can detect all cues of the flow state,
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suggested by the coaches. It detects the body language
and posture from the pressure pads, and the activity and
rituals from the motion sensors. This is achieved by mov-
ing the area of stimulation from the hands to the feet.
Furthermore, it provides most of the feedback modality
attributes we found in the review. Charge gives rhyth-
mic and continuous feedback by relentless touch to the
feet, and implicit and intrinsic haptic feedback by habitual
contact of the shoe. It projects the status as a minimal
attention visual feedback, from the LEDs incorporated
underneath the shoe. Charge only shows the status when
flow state is interrupted. Thus, we claim that it is non-
disruptive. Additionally, we can discuss that Charge is
intuitive and non-intrusive, however our knowledge on
how tennis players use their feet, and foot interactions in
HCI is limited [31]. How users will perceive the stimulation
of the feet is an open research question. Similarly, Cords
stimulates muscle junctions, which is another unexplored
area. We argue that both concepts face this psychologi-
cal challenge. Still, it would be interesting to explore new
interactions in HCI through these concepts.

Tennis rituals. We claim that the most innovative and
exhilarating concepts can be incorporated with tennis
rituals. Both Hipper and Droplet benefit from the rituals
every tennis player performs such as collecting the balls
in pockets and drinking water during breaks. As a result,
they are the most intuitive, least disruptive and least
intrusive concepts. Also, these concepts are more tennis
behavior oriented rather than being tennis object oriented
unlike tennis tools and garments. Thus, they are more
relevant to the tennis specific cues of the flow state. In
addition, they both provide more innovative feedback mo-
dalities than we found in the literature. Hipper uses tennis
ball massaging techniques rather than common vibration
based haptic feedback. Droplet adds the taste value by
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changing the pH level of the water. We claim that both
modalities create more intrinsic and implicit attributes,
because they provide subtle changes only valued by the
user. Finding intrinsic value is necessary to induce flow
state [5]. We expect that conventional feedback modalities
such as the vibration for haptic feedback, will be limited
to the value we assign to them through past experience.
However, we also expect that through innovative feedback
modalities such as massaging effect for haptic feedback,
we can create new intrinsic values as do these tennis ritual
concepts. Therefore, they would become more suitable for
giving feedback on flow and other psychological states, to
which we have yet to assign our value. Considering the
opportunities, tennis rituals provide the most flexibility

to design appropriate feedback modalities, and present
less challenges compared to other concepts. Nonetheless,
these concepts can only give feedback when the ritual is
performed. Although it supports the rhythmic attributes,
the continuous attributes are limited to the time spent
during the ritual. Hipper is limited to when balls are pres-
ent in the pocket. However, our field insights showed that
the balls are present for the majority of the game. On the
other hand, Droplet is limited to the relatively short water
breaks. We argue that we need to combine different ritu-
als and different modalities to overcome this challenge.

Conclusion

In this pictorial, we aimed to explore external feedback
modalities to induce flow state in opponent based sports.
We tackled the issue by a 5 step research through design
approach with tennis as our design case.

We designed 6 wearable device concepts under 3 ten-
nis related design themes: tennis tools, tennis garments
and tennis rituals. We discussed that tennis tool concepts
present opportunities due to their habitual use in tennis.
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However, they also present limitations to incorporate ap-
propriate feedback attributes because they are mandatory
in tennis, and it is a huge challenge to re-design these
tools accordingly. On the other hand, tennis garment
concepts provide more flexibility, and better incorporate
attributes. Still, they do not offer more than changing the
area of the stimulation compared to tennis tool concepts.
In addition, they present psychological challenges regard-
ing the perception of the feedback. However, tennis ritual
concepts provide the most innovative and relevant feed-
back modalities. Although, they present challenges on the
continuity attribute, they are also the most promising for
the remaining of the attributes.

Future Work

We believe that tennis ritual concepts are more relevant
to appropriate feedback modalities for the flow state of
tennis, and they offer more innovative designs for future
wearable technology. However, we did not consider any
technological limitations, in order to create a diverse range
of concepts to discuss. Nevertheless, instead of speculat-
ing, we plan to prototype and conduct user tests to find
which modality is more appropriate. As the next step,

we want to consult with technologists, psychologists and
tennis players to see the challenges on implementing our
ideas. Once we clearly understand those challenges, we
will revise our concepts to a producible state. Finally, we
plan to test them in an actual tennis game, to understand
the effects on user’s flow state. We speculate that our
wearable design concepts can inform design research-
ers and practitioners for future directions of the wearable
technology.
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