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ABSTRACT 
This paper presents the design and development process of 
an interactive football-training game that aims to improve 
players’ ball-handling skills, and their ability to 
simultaneously survey the playing field. A small-scale 
experiment was conducted to test the game, and the results 
are presented and reflected upon. Based on the experiences 
gained from the design and development process, as well as 
examples from the existing field and skill acquisition 
theory, we present three areas of interest to consider for 
interactive sport-training game designers: Context 
Characteristics, Movement Patterns and Perceptual 
Reaction. From a discussion of these areas, we derive eight 
design sensitivities that emphasize issues, challenges and 
opportunities, important for the design, development and 
analysis of interactive sport-training games in general. 

Author Keywords 
Interactive sport-training games; digital training equipment; 
computer-supported physical games; serious games; 
human-computer interaction; exergames; sports 

ACM Classification Keywords 
H.5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous.  

INTRODUCTION 
In recent years, academic researchers and commercial 
product developers have shown an increasing interest in 
developing IT systems, which employ elements from sports 
in their design. Surveying both the academic, as well as the 
commercial work, two general types can be discerned: 1) 
Exertion interfaces and games, which use elements from 
sports to encourage fun, as well as physical and social 
activity.  2) Training interfaces, which are used to train 
different elements in sports, aiming to improve either the 
athletes’ physical condition or a specific set of skills. 

Exertion interfaces and games often draw upon elements 

from sports as inspiration for their physical activity. The 
interfaces and games are designed to encourage physical 
activity, and often use elements known from computer 
games, such as points, high scores and gameplays, to 
motivate the users. A range of interfaces have been 
developed within research, from table tennis based games, 
such as Table Tennis for Three [27] and PingPongPlus [18], 
to games inspired by boxing or martial arts [24,31] or ball 
games [7,36], among many others. A number of 
commercial products have also been developed, such as 
Kinect Sports, Wii Fit and Dance Dance Revolution.  

Training interfaces hold a different agenda, as the aim is to 
improve different sport specific skills, rather than entertain 
the users. The aim of the systems is to improve an athlete’s 
physical condition or skills, such as reaction time, decision-
making, posture or timing. Spelmezan’s [34] tactile training 
interface for snowboarders, Hopwood et al.’s [17] training 
of decision-making in cricket and Helmer et al.’s [15] 
interactive sleeve for training netball, are all examples of 
this approach. A small subset of these systems, take a 
different approach to training, where they aim to train sport-
specific skills through games, instead of augmenting the 
existing training with technology. The training systems 
apply game elements, in order to provide alternative 
training methods, which are engaging and fun. Examples of 
this approach can be seen in TacTowers [11,22], trampoline 
training games [16] and Football Lab, which is presented in 
this paper, as well as in commercial products such as 
fitLight Trainer [41] and Sportwall XerPro [39] 

However, when it comes to determining into which of the 
two categories systems belong, it is not always a 
straightforward choice, as the way people use the systems, 
and not only their design, determine their allocation to a 
specific type. An example is the Digiwall [21], an 
interactive climbing wall, where the climbing holds can 
light up, which together with sound can facilitate games and 
competitions on the wall. The Digiwall games are primarily 
designed for fun, rather than training, however, while 
playing the games, users are inadvertently improving their 
climbing skills. Similarly, a golf simulator, designed to 
improve the players’ skills, can be used as a simple 
recreational game, played without the intent of becoming a 
better golfer.  

While research has begun to provide frameworks and 
reviews for exertion interfaces and games, such as 
[4,25,26,32], the field of interactive sport-training systems 
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primarily contains point designs. The designs illustrate one 
approach to interactive training for a specific sport, and 
there are few frameworks or reviews reflecting across a 
range of examples (e.g. [2,20]). Thus, there is a need to 
provide a way to support developers in their design of 
interactive sport-training systems. This paper focuses on the 
subset of interactive sport-training systems, which use 
elements from games as an approach to training sport-
specific skills, and defines them as interactive sport-training 
games. We seek to add to the limited amount of work, 
which can guide the design of new game-based interactive 
sport-training systems.  

In this paper, we start by presenting examples of existing 
interactive sport-training systems. We present and discuss 
the design and development process of an interactive 
football-training game that aims to improve players’ ball-
handling skills and their ability to simultaneously survey 
the field of play. Then we introduce a small-scale 
experiment conducted with the game, and present and 
reflect upon the result. Based on the existing examples from 
research, the experience gained through the design, 
development and evaluation process, and skill acquisition 
theory, we propose three areas to consider, when designing 
interactive sport-training games: Context Characteristics, 
Movement Patterns and Perceptual Reaction. The main 
contribution of this paper is eight design sensitivities, which 
emphasize issues, challenges and opportunities within the 
three aforementioned areas. Furthermore, the design 
sensitivities provide a useful tool to support future design of 
interactive sport-training games.      

EXISITING APPROACHES TO INTERACTIVE TRAINING 
A wide variety of interactive sport-training systems has 
been developed within the research community, based on a 
diverse set of backgrounds, from computer science, to 
sports science, psychology, engineering and design. The 
work covers a multitude of different sports, from 
snowboarding [34] to karate [37], rowing [28,30], 
swimming [3], football [29], handball [22], cricket [17] and 
golf [33], just to mention a few. The commonality, between 
the multitudes of systems that has been developed, is the 
aim to improve the skill performance within the specific 
sport. The systems use a range of different approaches, such 
as; augmenting and improving the feedback during training, 
informing about actions that are not optimal, or games 
designed to target specific skills. 

Interactive sport-training systems  
A range of systems aims to support the athletes training, by 
augmenting the training with different sensor and actuator 
technologies. The sensors detect the athletes’ movements, 
and the collected data is used to provide feedback about the 
athletes’ actions. The systems use either a single or a 
combination of modalities for the feedback. 

Examples of audio being used as the feedback channel, can 
be found in a sonic feedback system for speed skating [14]. 
The skater is fitted with a net book in a backpack, as well as 

a sensor that detects the amount of ankle extension of the 
skater. In one of the test setups, audio feedback is provided 
to the skater, as a sawtooth tone, when the threshold for 
ankle extension is exceeded. Other examples of audio 
supported training can be found in, for example, rowing 
(e.g. [9,30]), where the audio is used to help rowers match a 
specific stroke rate, or in netball [15], where it can be used 
to help to improve athletes’ throwing skills.   

Other systems focus on haptic feedback, as a way to either 
provide instructions directly linked to the body, or as a less 
obtrusive way of providing feedback. Spelmezan’s [34] 
haptic interface, provide real-time tactile instructions to 
help snowboarding beginners refine their technique. The 
snowboarders were fitted with vibrators on each shoulder 
and on the thigh that pointed forward during the ride. 
Sensors positioned under the heel and under the toe, were 
used to detect whether or not the snowboarder performed 
the right movements. If an incorrect movement was 
detected, the system indicated the change by activating a 
sequence of the vibrators. Other examples of haptic 
feedback can be found both in, swimming [3], running [35] 
and dancing [8]. 

Visual feedback is less prevalent, as feedback provided 
visually has the challenge of needing eye contact, thus, 
potentially removing focus from the task at hand. One 
example, where visual feedback has been explored, is in the 
work by Förster et al. [12], which explores different 
modalities for providing feedback to swimmers. In the 
experiment two multicolored LED’s were places in the 
swimmer’s goggles, which could be used to provide the 
swimmer with feedback, either by blinking or altering the 
colors of the LEDs. 

Another common approach used in interactive training 
systems, is to remove the training from the context of the 
sport, and place it in a “lab-like” setting, where potential 
opponents often are reduced to a digital representation. An 
example of this approach is the Hopwood et al. [17] 
decision-making training system for cricket, where cricket 
players were placed in front of a life-size video projection 
of male batters striking balls from the perspective of three 
different fielding positions. As there was no ball involved, 
the setup enabled the player to focus on their decision-
making skills, isolated from whether or not they would 
catch the ball. Other examples, of isolating a specific skill 
and training them outside of the normal context, can be 
found in [10,40]. 

Interactive sport-training games  
A small subsection of interactive sport-training systems, 
take a different approach to training skills in sport, as they, 
rather than augment the sport, are new games aimed at 
improving different sport-specific skills. The systems 
include game mechanic elements, as a way to make training 
a specific skill and necessary repetitive training more 
appealing and enjoyable.  
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TacTowers [11,22] is an example of an interactive sport-
training system for handball, which embeds the training of 
micro tactics and kinesthetic empathy in an interactive 
context through different games. The system consists of 
four towers with eight plastic “balls”, which function as 
sensor-actuator devices that can light up in different colors. 
Another example is the Holsti et al. [16] trampoline training 
games based on computer vision. The system uses a Kinect 
to track the person jumping on the trampoline. The detected 
figure can for example be used to play a jumping game, 
where the goal is to constantly jump higher and higher. 
Another example of this approach is fitLight Trainer [41], 
which aims to train basic physical skills, such as: speed, 
agility and reaction time, which are relevant in many 
different sports. The system is based on LED-lights that are 
used as targets for users to activate or deactivate. Finally, 
there is the Footbonaut [29], an interactive football-training 
platform, which aims to train and measure change of 
direction speed and passing precision. The system feeds 
balls to players from eight angles, and has 64 colored 
panels that light up to indicate targets.  

AN INTERACTIVE FOOTBALL-TRAINING GAME 
In the following sections we present an interactive football-
training game, designed for training players’ technical ball-
handling skills. The section introduces Football Lab, a 
permanent football training installation located on the 
grounds of a football club, and presents reflections on an 
existing game on the platform as well as the development of 
a new game.  

The Football Lab installation 
Football Lab (see Figure 1) is an enclosed 12*12 m square 
football field with artificial grass. Four rebound surfaces, 
called M-Stations [42], each measuring 270x270 meters, 
are positioned at the center of each of the four sides of the 
playing field. The rebounders are strung with wire, 
similarly to a tennis racquet, and are capable of returning 
the ball with 95% of its speed. The four rebounders are 
wired with piezo sensors, enabling detection of when the 
rebounder is hit. Each rebounder is fitted with multi-colored 
LED in the corner braces, and a speaker is positioned 
behind each rebounder to provide directional sound cues. 
Light and sound signals, controlled by the system, guide the 
players though the available games. Different games have 
been designed for the platform, supporting different types 

of training elements, such as; turning and passing, dribbling 
or one-on-one duels. The duration of the games vary from 
30 seconds to 2 minutes. The relatively short duration was 
chosen, in order to keep the players focused and to ensure a 
high intensity throughout the games, as players tend to exert 
themselves on a higher level, when it is achievable to 
maintain a high effort level during the entire game time. 
The Football Lab installation has been running 24/7/365 
since June 2011, and according to the log file, users have 
been playing continuously ever since the opening with up to 
a 1000 games per month. Unfortunately, the platform’s 
login system is based on players sending a text message to 
the platform using a mobile phone. The login process is too 
cumbersome for such a short game and players seldom 
bring their mobile phone to the football field. Thus, almost 
all players choose to play anonymously, which has disabled 
individual track records and progress reports.     

Pass-and-Turn game 
The vast majority of the games played on the platform are a 
single-player game called Pass-and-Turn. The game starts, 
after a 10 second countdown, by one of the rebounders 
calling for the ball with lights and sound. When the 
rebounder is hit, the player is awarded one point, and a 
random rebounder will call for the ball. The player has one 
minute to make as many points as possible. Pass-and-Turn 
is aimed at improving the player’s skill of controlling a 
returned ball, turning with the ball and reaction to a call for 
the ball.  The game has been widely used in training session 
at the football club, especially with younger players, where 
the basic skills of receiving, turning and passing, pose a 
significant challenge and are of great importance.   

While the game supports younger players in improving 
their ball-handling skills when receiving, turning and 
passing the ball, the game also encourages behaviors, which 
are inexpedient in football. By observing Pass-and-Turn 
games, coaches realized that the players reacted directly to 
the sound indicating which rebounder to hit, rather than 
surveying the field, as they should be doing in a football 
match. As a result, the game does not support players in 
developing the necessary skill of establishing an overview 
of a game situation, while handling the ball. While the Pass-
and-Turn game can be seen as encouraging inexpedient 

 
Figure 1.  Football Lab game space 

 

 
Figure 2.  Football Lab  
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behavior, this is only considered an issue for players with 
high skill levels. The Pass-and-Turn game is still 
considered a useful tool for the training of basic ball-
handling skills of younger and less skilled players, who 
should focus on mastering basic movements before moving 
on to a higher level of training. This phenomenon is known 
as the changing task model, where a task changes and 
different abilities become more important, as the skill-level 
of a player increases [23]. Hence, we started to develop a 
new game that targets players, who already master the basic 
ball-handling skills of football.  

Developing a new game: Look Ahead 
In close collaboration with football coaches, we have 
developed a new game for the Football Lab platform, called 
Look Ahead. The game addresses the issues observed in the 
Pass-and-Turn game, and aims to improve the players’ 
ability to look up, stay oriented and plan ahead during ball 
handling situations. The structure of the game is very 
similar to the Pass-and-Turn game, as it is a single player 
game, where the objective is to hit as many activated targets 
as possible during one minute.  Two alterations were made 
to avoid the inexpedient behavior observed in the Pass-and-
Turn game. First, players only receive a visual cue 
indicating, which rebounder to hit, rather than both a visual 
and an audio cue. This was chosen, to force the players to 
look up and around as they play the game, obliging players 
to rely solely on their vision to make decisions. Second, the 
game was designed to have two arbitrary rebounders 
simultaneously light up in turn throughout the game: A 
blue-marked rebounder indicating the point-giving target, 

and a red-marked rebounder indicating, which rebounder 
will be the next target. This gives the player an opportunity 
to continuously predict and plan their next step throughout 
the game.  

TESTING LOOK AHEAD 
We have conducted a small-scale experiment exploring the 
effects of the Look Ahead game. The experiment was set up 
to investigate, whether changes and new elements added to 
the game, helped overcome the inexpedient behavior 
observed in the Pass-and-Turn game. It is important to 
emphasize that it is a small-scale setup, and further 
exploration is needed, in order to provide final 
confirmation, whether the game has a long-term influence 
on the players’ ability to assess their surroundings, while 
controlling a ball. 

Setting up the player test 
Nine young prospect players, all males aged 14±2, and all 
having prior experience with the Football Lab platform, 
were introduced to Look Ahead and encouraged to play the 
game as often as possible during a period of three weeks. 
The players were given an introduction to the new game, 
explaining how it worked. The players easily grasped the 
Look Ahead game, as it resembled the Pass-and-Turn game, 
which had been used several times as a part of their usual 
training sessions. Furthermore, a coach demonstrated how 
to play, by completing a couple of games in front of the 
participants. After the demonstration, each of the 
participants played their first game. We additionally created 
a new login system tailored to enable easy login for the nine 
players participating in the test. Throughout the three weeks 
every hit of every game were logged by the system, 
enabling analysis of the progress made by the players.  

Results 
During the 3 weeks of the experiment there was no ongoing 
contact with the players, and as a result the amount of 
games played by the participants varied from 3 to 13 
games. We have chosen to exclude one player, who only 
played the introduction game during the three weeks. The 
remaining 8 players played 8 games in average, 9.5 games 
as the median and with a standard deviation of 3.7 games. 
Figure 3 shows the progress of the players. We have limited 
the period of the chart to 11 games, to reduce significant 
impact of a single subject, since only one player played 
more than 11 games. The figure shows the minimum score 
(red), the maximum score (green) and the average score 
(blue) of the players, depending on the number of games 
played. The various dotted lines show the linear 
approximation to the development. The gray area indicates 
how many players that have played a given number of 
games, starting with 8 players playing at least 3 games, and 
finishing with 4 of the 8 players playing at least 11 games 
(one player played two additional games). The figure 
indicates a positive correlation between the score achieved 
by the players in a game (average, minimum and 
maximum) and the number of games played. The slope of 
the average linear approximation is 0.256 suggesting that 

 
Figure 3. Chart of the progress made by the players 

participating in the test. The red, blue and green lines 
represent the minimum, average and maximum score, 

respectively, in relation to the number of games played. The 
gray area indicates the number of players, who managed to 

complete the given number of games.  
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the average player increased his score with one target for 
every four games played. 

The irregularity, which can be seen in Figure 3 as 
significant drops in performance, might be explained by 
looking at Figure 4, which shows the performance of a 
single player over 11 games. The figure displays the test 
performance of a single player and shows how the player 
suddenly in the 9th game scores the lowest score throughout 
the test. The drastic drop in score might be explained by the 
player giving up, due to one or more significant mistakes, 
which possibly causes him to reduce his effort. Support for 
this explanation can be found in our previous experiments 
conducted with the platform in [19], which showed that 
players had a tendency to give up early in a similar game if 
they made significant mistakes. 

Reflections on results 
The result of the small-scale experiment suggests that the 
players, who participated in the test, improved their 
performance through the three weeks of playing the game. 
However, due to the size of the experiment, it is 
inappropriate to draw general conclusions, thus, the results 
presented should be considered tentative. Moreover, the 
results, only reveal that the players improved the skill set 
used to play Look Ahead, whereas, it is harder to argue 
whether or not the players improved their general football 
skills.  Surveying the training context of Football Lab, the 
four stationary rebounders form a rather static setting, 
compared to the dynamic movements of players on an 
actual football field. However, by using a realistic surface 
and a real ball, the ball-handling skills applied when 
receiving and passing a ball, are identical to the ones used 
on a football field. Furthermore, coaches observing the 
players’ first games of Look Ahead, noted that tendencies 
in the players’ movements where improved, compared to 
their movements in Pass and Turn games, as they were 
forced to continually orient themselves, instead of merely 
focusing on passing the ball based on audio feedback. Thus, 
a good score in Look Ahead indicates that a player has the 
ability to look up, while passing and receiving the ball. 
However, whether or not the skill, developed in the 

simplified and static context of the Football Lab, is 
transferable to the complex and dynamic environment of a 
football field, still needs to be investigated. 

FOUNDATION FOR DESIGN SENSITIVITIES 
As a result of the described iterative process of designing, 
creating and evaluating an interactive sport-training game, 
in cooperation with professional coaches and skilled 
players, we suggest a number of design sensitivities [5,6] as 
a way to support the development of new interactive sport-
training systems. Design sensitivities present a way to 
suggest relevant topics to consider and provide a source of 
inspiration, without defining rigid guidelines, rules or 
requirements. Design sensitivities do not impose pre-
determined solutions, but rather define spaces for 
discussion on how the design of interaction could deal with 
the issues that they express [5]. The rational for presenting 
the findings from our work as design sensitivities, rather 
than guidelines, is that the essential features of interactive 
sport-training games differ to a great extent. The games are 
dependent on their objective, the type of sport that they aim 
to train and the level of their target group etc. Thus, it is 
impossible to provide guidelines, which can guide designers 
strictly across the different examples. Design sensitivities 
on the other hand, are open in their nature and serve as a 
way to sensitize designers to areas, which need to be 
considered in the design, without predetermining specific 
solutions. The design sensitivities can also provide 
inspiration for the design of new interactive sport-training 
systems and games, as well as encourage creativity based 
on considerations for expediency in sports.  

We propose three areas, Context Characteristics, Movement 
Patterns and Perceptual Reaction as a way to structure the 
discussion and reflection, which has formed the eight 
design sensitivities. The design sensitivities are founded on 
our work with the Football Lab platform, discussions with 
football coaches, as well as a review of a variety of 
different existing interactive sport-training games. The 
games show different approaches to using various sensing 
technologies together with game elements to create a 
unique training experience. Moreover, the games were 
chosen, because they illustrate various ways to train 
different sport-specific skills. Furthermore, the design 
sensitivities are strongly inspired by skill acquisition theory, 
e.g. the breakdown of skills presented by McMorris in [23], 
Information Processing Theory, e.g. Welford’s model [38], 
and ecological psychology [1].  

Theoretical inspiration 
According to McMorris, a skill can be divided into 
neuropsychological, perceptual and decision-making 
demands [23]. In short terms, the perceptual demands refer 
to collecting inputs from the context, actions and 
environment; the decision-making demands refer to 
deciding how to act based on the input gathered; and the 
neuropsychological demands refer to carrying out the 
action. Viewing any skill in sports, as being comprised of 

 
Figure 4. The chart shows the scores of one player (P3) in 

relation to the number of games played 
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these three demands, provides a general understanding of 
the skill. Instead of categorizing skills in predetermined 
classifications, the division enables a focus on the 
composition of a specific skill, which is more nuanced than 
applying a generalized concept, e.g. as open or closed 
skills.  

There are different ways to describe human performance, 
how actions are carried out and skills and abilities are used. 
In Information Processing Theory, Welford’s model [38] of 
information processing is used to describe stimulus-
response coherences, and can be parted into three 
fundamental stages: Input-processing, decision-making and 
effectuation. The model suggests that humans capture 
information through various sensors (e.g. eyes and ears), 
and store decision-relevant information in the short-term 
memory. A decision is then made based on the stored inputs 
and previous experiences stored in the long-term memory. 
Finally, an action is carried out and the result is stored in 
the long-term memory.   

Ecological psychology differs from Information Processing 
Theory by trying to explain actions with minimal reference 
to the central nervous system, and instead focus on 
interactions between humans and the environment. The 
environment suggests humans what to do in specific 
situations, and these opportunities to act are what 
Gibson[13] term affordances. In sports, it signifies that if 
the goals of a sport are understood, a player is able to 
perceive the available affordances. According to ecological 
psychologists perception and action are linked [1]. In 
sports, a person can only perceive affordances by searching 
and acting in the environment, using sensory and motor 
nerves. At the same time a movement is determined by both 
environmental and personal factors. A decision is hence 
based on combination of the available affordances 
perceived and a human’s “attunement to affordances”, 
meaning that humans develop their ability to perform 
through practice [23]. However, ecological psychology 
does not explain how humans decide that one affordance is 
more suitable than another in a sport context. 

Despite the fact that Information Processing Theory and 
ecological psychology are two opposing theories on 
performance and the use of skill, they still rely on the same 
three basic elements of context, decision and action, which 
apply for the skill breakdown as well. It is important to note 
that the three elements are strongly interconnected, 
regardless if they are considered as different demands, 
different stages or dependent perception-action couplings. 
The areas of interest and the design sensitivities presented 
in this paper, are inspired by all three theories, however, as 
the sensitivities are primarily founded in our experiences 
with designing interactive sport-training games and a 
review of existing games and systems, we introduce new 
terms that are closely associated with sports, rather than 
committing to the terms of a single theory.  

THREE AREAS FRAMING THE DESIGN SENSITIVITIES  
In the following, we present, discuss and reflect upon three 
different areas of interest to consider, when developing and 
evaluating interactive sports-training games: Context 
Characteristics, Movement Patterns and Perceptual 
Reaction. We relate the areas to the described Football Lab 
games and examples from existing work, and extract eight 
design sensitivities for future designers of interactive sport-
training games to consider. It is important to note that the 
three areas are strongly interconnected; as the context 
characteristics facilitate the available movement patterns 
and perceptual reactions; movements are often required in 
order to perceive; and perception often leads to movement.  

Context Characteristics 
Context characteristics refers to the physical set up of a 
sport, such as the dimensions and surface of the field, track 
or rink, the number of combatants, the way they are 
positioned in relation to one another, the design and size of 
goals, balls and other objects, as well as the rules.  

The Context Characteristics are closely connected to the 
perceptual demands of a skill, where the context constitutes 
a major part of what is perceived and how it is perceived. 
However, context also plays an important part of the 
neuropsychological and decision-making demands, as 
decisions are based on, and actions are carried out in 
context. In an information process, context provides a 
significant part of the sensory input, and functions as a 
foundation for the effectuation. Moreover, players will 
search the environment or context of a game or system for 
affordances and their effect. Consequently, there has to be a 
clear relation to the sport that the system aims to train. In 
other words, the context of an interactive sport-training 
game is extremely important, as it facilitates perceptual 
reactions and movement patterns.  

Interactive sport-training games vary with regards to how 
the context of the targeted sport is treated; whether the 
game is augmented onto the sport context, with only few 
alterations, or if the game diverts from the context and only 
few elements from the original sport is maintained in the 
design. Holsti et al. [16]’s trampoline training games is an 
example of an interactive sport-training game, which to a 
large extent maintains the original context of the sport. The 
system alters little of the trampolining situation, but adds 
two elements: A Kinect sensor to detect the athlete jumping 
and a screen, where the athlete can see the game being 
played. Golf simulators, aim to replicate the experience of 
playing golf as realistic as possible, by creating an 
interaction between the physical golf stroke and a digital 
context. However, golfers should not expect to get the same 
score in an actual match on a real course as in a golf 
simulator, since the surface, weather and stance are neither 
dynamic nor exact copies of the real world courses or 
conditions. TacTowers [11,22] on the other hand, maintains 
very few of the physical characteristics of the sport that it 
intends to train, e.g. the system does not even include a 
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handball. TacTowers also alter the field of play through the 
4 towers, which are used as the basis of the games. The one 
characteristic, which the system retains, is the front facing 
interactions between players. Thus, the system alters and 
leaves out a number of defining context characteristics of 
handball, in order to focus the training on kinesthetic 
empathy and microtactics. The scarcity of familiar context 
characteristics from handball raises the question of whether 
the skills learned from playing games on TacTowers, 
transfers to a handball court. Fogtman et al. [11] emphasize 
that the transferability of the psychomotor skills is ensured, 
as the system requires the player to react to the opponent’s 
moves, rather than merely computer-based outputs. 
However, TacTowers show that as the context of interactive 
sport-training games deviate from the context of the 
targeted sport, the transferability of skills from training to 
match becomes increasingly difficult to prove, document 
and argue for.  

The two games on Football Lab, both alter a range of the 
familiar context characteristics of football. The field, the 
rules and the other players have been removed, but the 
equipment (ball, shoes, etc.) and the surface are maintained. 
Although the two games are played on the same physical 
setup, their context characteristics are not identical, as these 
can be influenced by digital elements and gameplay, as well 
as the physical surroundings. FitLights [41] illustrate how 
the same elements can be placed in different physical 
configurations, to support reaction-time training in different 
sports. Thus, changing the digital properties can alter the 
context characteristics of a system, but changing the 
physical setup can alter them as well.  

Movement Patterns 
Movement patterns refer to the characteristic movements of 
a sport. The patterns differ from sport to sport, and include 
object handling, run patterns and other physical 
movements. For example, in handball players move 
primarily from side to side while dribbling the ball, whereas 
in football, players often receive the ball running straight 
down a sideline or towards the goal. Another example is the 
difference between marathon runners and 100-metre 
sprinters, where movement parameters, such as running 
economy and explosiveness, varies substantially. Numerous 
sports have restrictions on players’ movement patterns, e.g. 
traveling and double dribble known from sports such as 
basketball and handball.  

Movement patterns are closely related to the 
neuropsychological demands of a skill, and the effectuation 
in an information process. Moreover, movement patterns 
also relate to the actions carried out in order to perceive the 
environment and the available affordances, as well as acting 
according to the best of those affordances.  

In Football Lab, the movement patterns imposed by the 
physical setup allow the player to turn, receive and pass the 
ball in a manner familiar to playing football. The format 
rewards players, who can control the ball, and turn on the 

spot, rather than exhibit a high degree of mobility on the 
field. While a stationary movement pattern might be 
inexpedient in football, the isolated movement patterns of 
receiving a ball and turning with it in a controlled manner 
are essential. Furthermore, Look Ahead rewards the ability 
to survey the field of play, while handling the ball, thus, 
encouraging an expedient movement pattern for football 
players, compared to the inexpedient heedless reaction to 
sound, which was found in Pass-and-Turn. However, the 
evaluation of Pass-and-Turn, as a better training tool for 
younger and less skilled players, indicates that the 
complexity of required movement patterns should fit the 
skill level of the player. Pass-and-Turn allowed these 
players to focus solely on controlling the ball, and did not 
require difficult simultaneous movements for surveying the 
game space.  

TacTowers features a game called ‘One-on-One’ [11], 
which resembles a typical handball situation, where an 
attacker has to pass by a defender. The game focuses on 
improving a player’s kinesthetic empathy and 
understanding of micro tactics. However, the game is 
played without a ball, and the attacking player could benefit 
from making multiple direction changes and feints, and 
thereby, the game might encourage players to use more 
steps than what is allowed in a regular handball match. This 
poses an issue, as the training might accustom players to 
prohibited movements. Thus, game designers should ensure 
that optimal movement patterns for a training game do not 
encourage inexpedient or prohibited movements of the 
targeted sport. However, if inexpedient movement patterns 
are used, the designers should be aware of the consequences 
of doing so. The Holsti et al. [16] trampoline training game 
focuses on the specific movement skill of jumping high and 
precise. They state that it is an important basic skill to learn 
before moving on to landings and rotations, and the aim of 
the game is to keep less skilled jumpers interested in 
training basic movement before moving on to high risk 
jumps. Thus, it is a training game that fits the skill level of 
the targeted player, and furthermore, it is targeting a limited 
part of the skill set used for trampolining, without 
comprising the other movements of the sport. 

Perceptual Reaction 
Perceptual reaction refers to the way players are able to 
perceive a situation, react accordingly and even anticipate 
situations before they arise. The perceptual cues include 
visual, auditory and haptic sensations, and differ from sport 
to sport. For example, in most team ball sports players act 
based on the perceived actions of other players, whereas, in 
motor sports, drivers has a haptic perception of the car 
during a race. In interactive sport-training games, the 
perceptual cues are often presented in an abstract and 
simplified form compared to the complex cues present in 
the real sport, i.e. complex cues from opponents are for 
example often abstracted into simple light or sound cues.  
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Perceptual Reaction is connected to a combination of the 
perceptual and decision-making demands of a skill. 
Relating Perceptual Reaction to an information process, it 
refers to a player’s ability to convert input signals from the 
environment and other actors into a decision, based on 
previous experiences, which possibly enables the ability of 
anticipation. From an ecological psychology point of view, 
Perceptual Reaction is the ability to connect affordances to 
actions, thus, it is important that there is coherence between 
the affordances available in a game, and those available in 
the actual sport.   

Pass-and-Turn, illustrates the importance of choosing the 
right modality to facilitate a game. The Pass-and-Turn 
game was designed with the support of football coaches, 
however, as the coaches started using the game as part of 
their training, they realized that the players merely reacted 
based on the sound, rather than visually orientating 
themselves on the field. Furthermore, the randomness of the 
game coerced the players to precipitately react to the 
commands of the game, rather than plan ahead. In football, 
players should never rely solely on sounds or calls from 
other players, but create a spatial overview of the game and 
utilize it to make decisions. By altering the available 
perceptual cues, when designing Look Ahead, it was 
possible to avoid the inexpedient behavior observed in the 
Pass-and-Turn game. By limiting the perceptual cues to 
being solely visual, it forced players to look up and around, 
and by providing a visual cue to the next available target, 
the players were able to predict the game and were 
encouraged to create overview, while passing and receiving 
the ball. However, it is important to note that the skill level 
of the games, should match the level of the players. 
Consequently, the Pass-and-Turn game still has relevance 
for less skilled players as it provides a simpler task, which 
makes it possible for the player to focus on ball-handing 
skills, without concentrating on obtaining information from 
the context. In other words, the complexity of the 
perceptual cues should fit the skill level of the player, as 
supported by the aforementioned changing task model. 

Holsti et al.‘s [16] trampoline training games illustrate one 
of the challenges that occur when designing the perceptual 
cues interactive sport-training systems. The example 
illustrates that while a range of repetitive training exercises, 
can be turned into games, the addition of the game cues 
most be done with care, in order not to impact the 
movement patterns in a negative manner or detract focus 
from the task. Interviews with users of the trampoline 
training game found that despite the 19” screen was 
surprisingly easy to watch while jumping, the users noted 
that the game element added by screen required attention, 
which made it difficult for them to focus on their body. 

When designing interactive sport-training games, the 
complexity of the targeted sport is often reduced, e.g. by 
movements of other players being reduced to light or sound 
cues. Looking at fitLight Trainer, the complex cues that 

goalkeepers use to anticipate where and when the ball will 
hit is removed. The simplification of the task, allows the 
goalkeeper to focus on training reaction time. Thus, the 
fitLight Trainer does not provide game situation training for 
goalkeepers, but instead basic skill training of reaction time.  

The digital perceptual cues in TacTowers are not aimed to 
be the primary visual focus of the players, but merely 
function a game facilitator. The design of the system is 
made so players interact through the equipment, rather than 
with it. Thus, the opponent in the game becomes the 
primary source of perceptual cues, so in order to win a 
game, the player has to learn to read and anticipate the 
opponent, which resembles a regular handball match 
situation.  

Design sensitivities  
Based on the observations, descriptions and reflections 
presented using three fundamental areas of interactive 
sport-training games, we have formulated eight design 
sensitivities that aim to support the design and evaluation of 
interactive sport-training games. The sensitivities that 
emerged from the work are as follows: 

- The chosen context characteristics will inadvertently 
impact the cues available for the players to perceive, as 
well as the possible movement patterns.  

- When deviating from the context characteristics of a 
specific sport, it becomes harder to determine the 
transferability of the skills gained by playing the 
interactive sport-training game. 

- When simplifying or altering context characteristic to 
focus on training a specific skill, there exist a risk of 
introducing inexpedient behavior. 

- When considering which of the targeted sports’ 
movements patterns should be focused in interactive 
sport-training game, it is important not to neglect object 
handling, run patterns and other physical movements. 

- The complexity of the perceptual cues and required 
movement patterns should fit the skill level of the 
player.  

- The chosen perceptual cues of the interactive sport-
training game should relate to the targeted sport in a 
meaningful way. 

- The modality chosen as perceptual cues should fit the 
situation, and the attention load should be balanced in 
order to create situations, where the perceptual cues 
does not impact the movement patterns in a negative 
manner or detract focus from the task.  

- Optimal movement patterns for the interactive sport-
training game should be designed in a way were they do 
not encourage inexpedient or prohibited movement 
patterns in the targeted sport. 

CONCLUSION 
We have argued that there is a need for a tool to support the 
design of interactive-training games. This paper presents 
challenges and issues that have emerged when engaging 
with interactive sport-training systems, by investigating 
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existing systems, and through a design and development 
process. We have presented three interrelated areas of 
interest to consider when designing interactive sport-
training games: Context Characteristics, Movement Patterns 
and Perceptual Reaction. From the three areas we derived 
eight design sensitivities aimed at sensitizing designers to 
the typical challenges in the design of interactive sport-
training games. However, the design sensitivities may also 
function as an inspiration for the design of new systems and 
games, and encourage creativity based on considerations for 
expediency in sports. The example of our work with the 
interactive sport-training game Look Ahead illustrates, how 
focusing on issues with an existing game could inspire the 
design of a new and more expedient training game. With 
Look Ahead, we have shown how the exclusive use of light, 
as actuation method, and enabling the players to predict the 
game, have created a more expedient perceptual reaction, 
where players use their vision for decision making, and a 
more expedient movement pattern, where players 
continuously survey the spatial surroundings during a game.  

Despite issues concerning inexpedient behavior and 
transferability of interactive sport-training systems 
presented in this paper, we embrace the development of 
interactive sport-training systems and games, and we 
encourage athletes and coaches to use them. Well-designed 
interactive sport-training systems provide unique and 
intelligent solutions to targeted training of specific skills, by 
removing the players from the complex context of the real 
game. Especially the incorporation of game elements seems 
to increase motivation and enjoyment in the training, as 
well as provide the ability of keeping players interested in 
the necessary repetitive training. However, we encourage 
awareness and vigilance in the use and development of 
interactive sport-training systems, and recollection of the 
intension of the systems and the transferability of the skills 
trained, potentially with the proposed design sensitivities in 
mind. 
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