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ABSTRACT 
Gamification can be done for many purposes. We describe 
an experiment with gamification that, while addressing an 
informal learning environment, was not done to directly 
support learning. In the design of an overarching game 
experience for a science center, the goals were to support a 
focused visit, and create incitement for families to engage 
together. 

We describe how the science center environment poses 
multiple challenges for game and interaction design, which 
differ from ordinary gamification projects. We explain how 
these were addressed by designing for group interactivity, 
supporting both open and challenge-based play, and a 
careful combination of physical and digital interaction. 

Author Keywords 
Science center; gamification; informal learning; tangible 
interaction 

ACM Classification Keywords 
H.5.2 [User Interfaces] : User-centered design 

INTRODUCTION 
The science center has long been seen as an attractive form 
for informal instruction in the natural sciences [5], and 
continues to offer a desirable excursion goal for families 
and schools. Yet, during recent years the future of science 
centers has become increasingly questioned; science centers 
meet with increased competition from online media [8], and 
many science centers report a small but steady decline in 
their number of visitors. Furthermore, the effectiveness of 

the established models of informal teaching has been 
challenged [1]. 

In this article, we explore the idea of ‘gamifying’ [9] the 
science center by designing an overarching game for the 
exhibition. We discuss the goals that gamification could 
meet, and argue that successful gamification in this context 
requires a very different approach to designing even the 
individual experiments than what the typical experiment 
looks like in the science center. We also discuss how the 
design requirements that the center environment poses 
present challenges that are difficult to satisfy by employing 
principles straight out of computer game design. 

Based on an ongoing project at Tom Tits Experiment, a 
science center located south of Stockholm, Sweden, we 
outline the issues that the modern science center faces and 
why a pervasive game might present opportunities to meet 
them. We describe the key design choices in our design 
solution, the game ‘The Mission’, and discuss initial 
findings from early tests with the game.  

BACKGROUND 

The science center: a hub for informal learning 
Championed by Robert Oppenheimer in 1968, the science 
center was supposed to be  

“an environment in which people can become familiar 
with the details of science and technology and begin to 
gain some understanding by controlling and watching the 
behavior of laboratory apparatus and machinery; such a 
place can arouse their latent curiosity and can provide at 
least partial answers” [24, p 1]. 

After the inauguration of the first science center, the 
Exploratorium in San Francisco, science centers can now be 
found in many major cities across the globe. Their main 
feature is offering hands-on experiments that allow visitors 
to explore phenomena from the natural sciences, typically 
biology, physics, and technology. Visitors can physically 
interact and experiment with different principles, and 
experiments often support group interaction. The science 
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center is seen as an environment designed to encourage 
informal learning [5]. Centers primarily target families on 
casual visits, but typically also serve schools on excursion. 

Gamification 
During recent years, the concept of gamification, the use of 
game design elements to achieve extrinsic effects, has 
gained widespread attention [9]. Typically, the term is used 
to denote the use of structures taken from computer games 
in order to create engagement in otherwise mundane and 
boring activities. Deterding et al. [10] emphasize that in 
order to be successful, gamification must rely less on 
adding a surface challenge and rewards such as badges or 
prizes, and more on redesigning the activity itself to 
become intrinsically engaging. This approach is sometimes 
also called gameful design [9] rather than gamification.  

Although the game we describe in this article does add a 
surface challenge to guide the engagement, the core design 
challenge was to redesign the in-the-moment engagement 
with individual experiments to become gameful. In this 
article we focus on the latter perspective. 

Gamifying the Science Center 
The idea of using games in the science center environment 
is not new. Almost every science center has some 
experiments that include a game challenge, as well as those 
that readily are interpreted as game challenges by the 
visitors. At Tom Tits, one example of the former is a 
rowing contest exhibition, with four rowing machines 
connected to a virtual boat race. An example of the latter is 
a single-user memory game, where visitors can take turns 
and compare their scores.  

What is less common is that an exhibition uses an 
overarching game that integrates multiple experiments. 
Atkins [4] report on a study of a travelling exhibition that 
consists of a game challenge in the form of a detective 
story. The exhibition came across as a murder mystery, in 
which the visitors could do various forms of forensic 
investigations to find clues. Atkins found that the exhibit 
provoked sustained parent-child discussions in a way that 
the singular exhibits would not do. Atkins proposes that the 
major reason for the engagement was that the exhibit 
presented a thematic frame of interpretation that was well 
understood by parents and children; they were playing to be 
detectives. Well known from detective stories, the theme 
was perceived as at the same time playful and explorative. 

Although there are multiple reasons why adding a game 
challenge can promote engagement in a science center, we 
wish to highlight that it also can turn out to be problematic. 
In particular, a game challenge is a structure that promotes 
"correct" behavior and withholds promotion when players 
do not behave according to the rules. This could hamper the 
sort of free, creative, and exploratory engagement that is 
usually envisioned as the ideal interaction with a science 
center exhibit. A game with its inherent reinforcements also 
has the potential to distract the user from the learning 

objectives, by making the user focus too exclusively on the 
system and gaining points [14]. These are issues that must 
be taken into consideration when designing gamification in 
any learning environment. 

THE SCIENCE CENTER ENVIRONMENT 
The design project presented in this article was carried out 
in collaboration with “Tom Tits Experiment”. Tom Tits has 
been in operation since 1987, and receives up to 200 000 
yearly visitors. On a busy day, such as during school hiatus 
or in the summer, visitor count can exceed 2000 visitors a 
day. The center has approximately 7000 square meters of 
exhibition space indoors and 8000 square meters outdoors; 
and offers experiments ranging over a wide range of topics 
from natural science and engineering. The environment is 
aesthetically pleasing with an emphasis on the artistically 
designed space. A majority of the over 500 installations are 
made or modified in-house. 

Tom Tits faces similar problems as science centers around 
the world. Visitor numbers are slowly but fairly steadily 
declining, and visiting families exhibit patterns of 
engagement that are not very beneficial to learning [11]. 
Below, we summarize the issues we have observed at Tom 
Tits during our pre-study explorations, and relate them to 
literature to show that the center is in no way unique. The 
issues discussed here are legion in centers around the world. 

Leisure versus learning 
From a business model perspective, science centers are 
caught between two different perspectives. At the same 
time as science centers are designed to be locus of informal 
learning, they are primarily financed through visitor 
entrance fees. As such, they belong to the leisure industries 
and compete in the marketplace with other forms of leisure 
activities directed towards families [7]. Case in point; while 
receiving a small yearly grant, Tom Tits is primarily 
financed through entrance fees. 

At Tom Tits, the market department has done extensive 
research into what its target audience is today and how it 
could be expanded. The core audience for Tom Tits is 
children aged 3-12 together with accompanying adults, 
most commonly parents or grandparents. Visitors will travel 
far to get to the center, expecting a full-day experience. As 
such, the competition is primarily other full-day attractions 
such as a zoo or an amusement park. To expand the market 
share the center has designed strategies directed towards 
becoming more attractive for a local audience, making 
shorter visits and re-visits more appealing than today. 
Market strategies of this kind are central to survival for the 
science centers of today, but they are fuelled by very 
different goals than informal learning. In this, the learning 
goals can become subordinate [7].  

The Tom Tits exhibition offers a rich, interactive and 
engaging environment, fostering curiosity, awe and interest  



 

 

 
Figure 1. The environment at Tom Tits. © Tom Tits 

for the natural sciences. The Tom Tits exhibition places 
large focus on the aesthetic integration of experiments in 
the physical environment, and emphasizes large-scale 
experiments made of durable natural materials to encourage 
rough handling. From an educational perspective, the 
visitors are encouraged to explore the exhibits rather than 
be passive and read; consequently there are few signs. The 
ambition is to pose questions rather than provide answers 
and in-depth explanations. This focus works well for the 
casual visitor, but as we will discuss more in depth below, it 
may not be all that effective as a learning environment for 
visiting families. For group visits (especially school visits) 
the center offers the support of guides trained in museum 
pedagogy, who are able to both challenge visitors with in-
depth questions and provide explanations for experiments. 

The open space 
The Tom Tits exhibition is typical for science centers, in 
that it offers a wide range of experiments in a large and 
open space, free for visitors to explore. Although the 
different rooms are themed, there is no path for visitors to 
follow that would shape the visitor’s learning experience. 
To add, Tom Tits hosts an unusually large number of 
experiments, over 500 in total, including a large outdoors 
area with a particular focus on water experiments.  

An issue is thus the risk of ‘museum fatigue’ [11], in which 
visitors can only engage with exhibits for a limited period 
(typically around 30 minutes) and then begin to ‘cruise’ 
looking for anything particularly compelling. The staff at 
Tom Tits report repeated issues with museum fatigue, when 
overwhelmed with the exhibition visitors have no idea 
where to go or what to do. As an attempt to overcome this, 
the staff has developed a set of themed tours recommending 
five to ten experiments. The tours are available at the 
reception desk in the form of printed leaflets, but seldom 
asked for. 

Experiment design 
Allen [1] describes an interactive experiment as typically 
including 1) A surprising phenomenon, 2) some way to 
interact to explore the phenomenon, 3) an explanation of 
the physics or biological principle underlying the 

experiment (typically textual, and provided on a label or 
instruction screen), and 4) a connection to everyday 
phenomena. 

The experiments at Tom Tits mostly follow this structure. 
Most experiments have a high degree of tangibility [17], 
which has been argued as beneficial for expressive and 
explorative learning [22]. Many address the aforementioned 
fourth design aspect through using everyday artifacts as 
their basis. A notable exception from Allen’s general 
principles is that at Tom Tits, textual explanations are 
avoided as far as possible. Graphic explanations are 
sometimes given. This is an aesthetic decision as much as a 
way to encourage exploration and hands-on engagement. 
The use of text in science centers is a debated topic, as 
studies have shown that while visitors who are able to read 
a label are more likely to identify and retell the 
phenomenon at display, they also tend to engage less with 
the experiment as such [15].  

Designing experiments for a science center is difficult. 
Allen [1] problematizes the use of interactivity, by 
providing examples of how high levels of interactivity can 
interfere with the learning experience, if the connection 
between action and result becomes obscure. Allen [1] also 
emphasizes the importance to design experiments to be 
accessible by groups rather than individuals. Leinhard and 
Crowley [21] highlight the importance of encouraging a 
learning-oriented discussion in order to create a learning 
experience in museums. 

The design recommendation of designing for groups has 
been taken to heart at Tom Tits. Almost all experiments are 
reachable from several directions and at different heights, 
and offer multiple modes of simultaneous interaction.  

Still, the center staff reports that when families visit, it is 
primarily the children who engage with the experiments. 
Parents tend to stand aside, discussing with each other or 
using their mobile phones. Similar issues are reported with 
older children, who typically will only engage with a few 
experiments and ignore the rest. 

During our initial investigation of the experiments at the 
center, we identified some common design problems that 
we believe contribute to this effect. A common issue was 
that the experiments were less interactive than what they 
initially seemed to be. Many experiments reacted to a single 
input and required the visitor to then wait to see what 
happened. The Archimedes' Screw [18, p 23] is an example 
(see Figure 2): it can only be handled by one person at a 
time, and the only activity offered is turning the handle at 
varying speeds to get the water flowing. In some 
experiments, the interaction was reduced to a single button: 
press the button and see what happens. The issue is in no 
way restricted to Tom Tits; most of these experiments were 
variants of very common science center installations. 



 

 

 
Figure 2. The Archimedes' Screw Experiment.  

© Tom Tits 

A particularly problematic variant of low interactivity 
occurred in experiments that offered multiple modes of 
interaction, but only one of them would showcase the 
phenomenon in focus. An example of this is the funnel that 
is intended to illustrate planetary orbits [18, p 255], shown 
in Figure 3. In this experiment, the visitor is supposed to 
place a small coin-like metal disk in a start slot, which will 
put it in circular motion around the funnel opening, 
spiraling down into the center. Rather than standing back to 
observe, small children tend to interact continuously with 
the experiment. They may throw in disks from all places 
around the funnel, try to make the disks collide, or try to 
catch the moving disks. These interactions interfere with 
the learning goals of the experiment, and this will 
sometimes create friction within a visiting group consisting 
of young children as well as older children and adults. 
While the younger children are happy to play around with 
the experiment, other visitors who desire to understand it 
must actively discourage this interaction, in order to figure 
out what the experiment is about. 

Although open exploration is fun for young children, a 
challenge or a puzzle will often be more attractive to older 
visitors. The Tom Tits staff reports that children and adults 
often will work together in an area set apart for physical 
puzzles. While all experiments in Tom Tits aim to present 
interesting phenomena, very few present a challenge: a 
puzzle to solve or a challenge to overcome. 

Taken together, these factors contribute to an explanation as 
to why adults and older children tend to disengage with the 
Tom Tits experiments. They also point towards that some 
kind of game challenge could potentially work as a way to 
increase group engagement and foster discussion between 
parents and children. 

  
Figure 3. The Planetary Orbits Funnel  

© Tom Tits 

THE MISSION 
"The Mission" is an attempt to design an overarching game 
at the science center, serving to engage visiting groups and 
guide them through a coherent visit experience. 

The prime reason for Tom Tit’s in attempting a game 
design was to attract a new generation of visitors, growing 
up with computer games as a primary form of 
entertainment. From this perspective, it was considered 
desirable that the game should exhibit some computerized 
elements. 

From the gamification perspective, we saw multiple 
potentials for improving on the current situation by 
introducing a game. As ‘museum fatigue’ was a manifest 
problem in Tom Tits, we saw a potential for an overarching 
game to provide focus and direction over the museum visit. 
By participating in the game, a family would have a clear 
path to follow, one that would still be voluntary. Building 
on Allen [4], we predicted that the introduction of game 
challenges could provide an incitement for parents and 
children to engage collectively. Finally, re-thinking the 
individual experiments as game challenges rather than open 
play explorations provides more guidance and direction in 
how to explore their functionality, and could potentially 
lead to a deeper understanding of the phenomena they 
illustrate. 

After an initial process of narrowing down the scope and 
goals of the project, work on designing and trialing a game 
prototype commenced in May 2013. At the time of writing, 
a five-experiment prototype is in place in the center and has 
been field-tested. The prototype will be iteratively refined 
and extended. In this article, we focus on the design 
challenges and how the design solutions meet them, and 
report on formative feedback from center visitors during the 
first field test. 



 

 

Specific challenges for science center design 

Designing for families 
As discussed above, the primary audience for the science 
center is visiting families. However, from audience surveys 
at Tom Tits we know that the concept of ‘family’ must be 
understood in a wide sense. Children will often come with 
only one parent or with grandparents, and families will 
often bring along a friend of one of the children. 
Furthermore, it is unlikely that a visiting family will only 
have children in the target age range; both older children 
and infants will come along. 

From literature we know that visitors seldom work alone 
when exploring museum exhibits [26] and that it is 
important to support visiting groups to collectively engage. 
The benefits when exploring in a collaborative manner are 
manifest in multiple studies [2, 8, 9].  However, the varying 
ages and group structures make it difficult to create 
challenges at the right level of difficulty. Furthermore, we 
cannot assume that children re-visiting the center will do so 
together with the same group. If we wish to support a 
sustained visit experience (e.g. online after the visit, or at 
subsequent visits), we cannot assume that this is with the 
same group. 

The science center as a location 
The goal for the project is to develop a game that can be 
integrated in the center as a whole, a four-story building 
with adjoining park, 15000 square meters in all. This 
creates extra requirements primarily when it comes to 
navigation. As it is unlikely that all experiments will 
become part of the game, participants have to be able to 
locate the experiments that are. For the dedicated groups, 
this will pose problems, as it is in no way easy to provide 
directions to singular experiments. For the less dedicated 
groups the surrounding experiments will provide 
distractions, and may lead to them quitting the game. 
However, the latter was not seen as a problem by the staff, 
as this would mean that they still would engage with center 
experiments. 

Wear and tear 
The science center environment is unusually unforgiving 
when it comes to fragility. Exhibits at Tom Tits are subject 
to extensive wear and tear from daily use, and according to 
a craftsman on site, “materials have to be chosen very 
carefully, so that they age well and can handle the daily 
stress”. This poses particular problems for an iterative, 
experimental design project. Design prototypes are 
typically fragile, prone to malfunction and accidental 
damage, especially when deployed in the everyday 
environment [18, 20]. 

Given that “The Mission” is a combination of exhibit and 
game technology, robustness and reliability issues demands 
were given a center stage. The solution was to have 
experienced center staff building the actual experiments. 
The initial trials were done in a closed-off area to which 

visitors were invited to participate in early testing and 
feedback. 

Participant mindset 
The representational frame [13] that participants are in 
when they interact with an exhibit is crucial to their 
interaction [4]. Visitors to a science center likely have no 
explicit learning goal, and are more likely to be looking for 
an entertainment or “edutainment” experience [7]. Marshall 
et al [23] emphasize that the deployment of a multi-user 
digital artifact "in the wild" can elicit very different 
participant behavior from the experimental setting. For 
example, the time spent with a single exhibit in Tom Tits 
can be extremely short, down to a few seconds.  

Atkins [4] emphasizes the importance of assisting visitors 
in their framing of a certain exhibit, so that as little time as 
possible is spent in the “framing frame” – that is, figuring 
out how to think about the exhibit. This problem underlies 
the decision to design a game at all. When engaging in a 
game, the participants already understand something of 
what they are to achieve – solving puzzles and trying to 
score as high as possible – a mode of engagement that is 
well understood. If successful, this frame may serve to 
foster group engagement and topical discussions (so called 
‘learning talk’ [2]) within the visiting group. 

The experiments 
The experiments pose a set of challenges when it comes to 
incorporating them in an overarching game. Not all 
experiments are fit to be transformed into game challenges. 

Firstly, to be useful as game challenges, experiments would 
need to be able to produce variable outcomes (e.g. a result 
on a scale of one to ten). As discussed previously, some 
experiments have only a single, non-variant input and an 
associated result. This makes designing for a variable 
outcome difficult. Furthermore, to make the interaction 
with an experiment meaningful, it must be possible to 
figure out the connection between what you do with the 
experiment, and the outcome you get (for a deeper 
discussion, see Salen and Zimmerman [25] chapter 24 on 
meaningful play). Some of the experiments were for this 
reason difficult to use, as the phenomena on display were 
too chaotic for the player to figure out the relationship. 
Such experiments may work well in open exploration, but 
do not make up for good game challenges. 

Second, it must be possible to add ways to build in sensor 
technology to measure the results in a robust, unobtrusive 
and integrated way so that they can be captured and 
communicated to a game server. For some of the 
experiments, this was not possible.  

Finally, Tom Tits wished to as far as possible keep both 
modes of engagement: open play and challenge-based play. 
The loss might outweigh the gain if adding a challenge 
element to an experiment would destroy the potential for 
open, boundless exploration. 



 

 

Figure 5. Father and son interacting with the game hub. 
The third person, seen to the left, is acting as game 
facilitator for the purposes of the trial. 

The business 
As already discussed, science centers are usually run like 
any other business in the leisure visit sector [8]. Marketing 
strategies impact the mindset of the visitors, aesthetical 
guidelines need to be respected, estimated visit lengths and 
expected revisits need to be taken into account.  

In our case, this primarily affected the desired length of a 
game session. It was deemed optimal from a business 
perspective that a singular session should support a visit of 
approximately two hours. Furthermore, it was not desirable 
that people could redo experiments and sum up the results – 
a design solution that potentially could lead to long-term 
engagement, but that also could lead to groups ‘hogging’ 
experiments for extended periods of time. 

Rather than playing for long, the marketing strategy desired 
the game to encourage re-visits. This affects the plans for 
how to extend the game in future iterations, but was not in 
core focus for the current prototype. 

Designing the mission 
"The Mission" consists of three parts: an overarching game 
theme, enhancements to individual experiments, and a 
game terminal.  

In the overarching game, groups of visitors (usually 
families) play together in order to collect resources to 
launch a spacecraft into virtual space. When a family 
wishes to play, they pick up an RFID-badge that becomes 
their team's token, and the family becomes a team. 
Everyone on the team helps to complete challenges to 
collect as many resources as possible. When they have 
collected at least one resource of every type the team can 
launch their craft. The more resources that have been 
collected, the farther the craft travels, and the more "frills" 
(extra lights, antennas, etc) it acquires. 

Individual experiments are integrated into the game system 
through integrating sensors with the physical experiment. 
The sensors will measure something about the experiment, 
and determine what constitutes a more or less successful 

result. In order to create a consistent mode of interaction 
with the experiments, these have been extended with a 
‘results’ screen (see Figure 4), connected to an RFID 
reader. From the user interface perspective, the screen 
works as a ‘transfer’ terminal, connecting the physical 
experiment installation to the virtual game. 

When a group is satisfied with their result, they ‘collect’ 
their score by swiping their RFID tag in front of an RFID 
reader below the screen. Apart from the result screen, all 
other feedback is integrated in the physical experiment 
through audiovisual augmentations, and made as physical 
as possible. 

In order to support multiple people and even multiple group 
interaction, there is no way for a group to ‘log in’ to an 
experiment. The experiments will continuously measure 
performance and display the most recent result for a limited  

time. This enables different groups to cooperate, since they 
all can save the same result. 

The game hub is implemented on a touch table dedicated to 
the game. The touch table functions both as guide to the 
players, to understand what to do next, and as a public 
advertisement that there is a game in the center. By placing 
their RFID-tag in a reader connected to the table, a team 
can see how many resources they have collected for their 
spacecraft, and receive hints on how to do the different 
challenges. When they feel ready, they can name their 
spacecraft and launch it, leaving it flying around on the 
touch screen for everyone else to see. In the fully developed 
version of the game, the intention is to extend the game 
centre with functions to register for online services related 
to the game or the science centre, that then can be accessed 
post-visit.. Inspired by works such as [16] and [23], a multi-
touch table was initially used, but this was abandoned in 
favor of single touch. The (commercial) touch table that 
was tested initially did not meet the harsh robustness 
requirements imposed by the science center, and had 
trouble registering touch from small fingers. 

The basic game could be varied in many ways. Groups can 
for example compete with each other, special challenges 
can be made for school hiatuses, and most importantly, new 
experiments can be integrated at any time.  

Example experiment 
As an example experiment we present the "marble-path" 
(sv. "Kulbanan", see Fig 4). The experiment consists of a 
four-sided pyramid with re-configurable "marble slides". 
These are attached to a metal sheet with magnets, which 
makes it possible to move them anywhere on the pyramid, 
and serve to guide a marble travelling down the side of the 
pyramid. Due to an ingenious design, the marble can in fact 
be guided to travel around all four sides of the pyramid. 

Our original suggestion for re-designing the marble path as 
a game challenge was to re-create it as a puzzle. The tower 
would be equipped with sensors at particular places, and the  



 

 

 
Figure 4. "Kulbanan": An exhibit prototype  

combining physical interaction and digital feedback 

challenge would be to make the marble pass as many of 
these as possible. This challenge turned out to be 
technically difficult to implement, and instead we opted for 
the simpler challenge of keeping the marble rolling for as 
long as possible. 

The marble tower was re-designed to include a sensor-
equipped slot at the top and the bottom. To interact with the 
experiment, the player drops a marble into the hole in the 
top, and observes how it rolls down the designed path until 
it falls out of a hole in the bottom. A sensor is placed in the 
upper and lower holes, so that the installment can measure 
the time it takes for the marble to travel from top to bottom. 
In the first implemented version, the playing team’s score 
was higher the longer it took to reach the bottom. The score 
represents a number of resources that the team can bring to 
their spacecraft. 

This fairly simple design met with numerous challenges 
during early design iterations. Firstly, players would 
frequently drop the marble not through the upper hole, but 
instead place it on the upmost slide. Since this meant that 
the marble would not pass the start sensor, we needed to 
create a more robust way to start the timer – possibly, a 
separate timer button or a mechanic marble launcher. But a 
physical solution proved sufficiently robust: we added an 
arrow sign prompting the user to place the marble into the 
correct hole (see Fig 4). 

Furthermore, the physical properties of the experiment 
provided numerous issues. More often than not, the marble 
would get stuck or fall out of the path. This had of course 
also happened earlier, but when the experiment has been re-
designed as a game challenge this became an issue. The 

problem was that the sensors had no way to sense that the 
marble was in motion. Hence, if the marble stopped moving 
or fell out of the experiment, points continue to accrue until 
the marble was finally (and often manually) dropped into 
the lower end hole. 

This lead to multiple problems. It was very easy to cheat 
with the experiment, by stopping the marble and then 
dropping it into the lower hole when the score was 
maximized. Secondly, the behavior caused a lot of 
confusion for the participants, as it became unclear what 
was actually measured. An intermediate solution was to add 
a time-out, so the experiment would reset after fifteen 
seconds. This re-design helped to communicate that the 
challenge in focus was time, how long the marble keeps 
rolling, but made it difficult to balance the game challenge 
to achieve an appropriate level of difficulty. In the end, the 
hard timeout was redesigned to become a ‘soft’ reset; the 
score would build up until fifteen seconds had passed, and 
then start to decrease. This solution proved sufficient to 
create engagement, as well as make the cheat into a 
challenge in itself. A successful cheat now relies on pausing 
the marble for almost fifteen seconds – and then letting it 
go at the very right moment! 

Core design choices 
Below, we list the most critical of the design choices that 
were developed during the process of designing The 
Mission, and that underlie the solution presented above. 

Flexible opt in/opt out. Since the length of time available to 
play vary greatly between different participants, it was 
important that players could play the game at their pace, 
moving in and out of playing. This is why entering the 
game is very simple: participants just pick up an RFID tag 
at any place in the center. They need not register to play the 
game. Participants can then complete the challenges at their 
own pace, interspersed with visiting other exhibits; and they 
can complete or even abandon the game at any time. 
Completing the game is done by launching the craft; 
launching it early just means that the craft does not fly as 
far as it might if the game was completed.  

Gaming must not disrupt non-game interaction with the 
experiment. Exhibits at Tom Tits are often accessible for 
multiple persons at the same time. Since the experiments 
included in the game are intended to be included in the 
ordinary exhibit, they must continue to function as ordinary 
experiments. They must offer open exploration as well as 
game-related challenges or puzzles. 

No login. Due to the risk of single groups and/or individuals 
‘hogging’ experiments "for themselves", we decided early 
that it would not be possible to log in into an experiment to 
perform its challenge. Thus, the experiments have no 
separate ‘game mode’; they continuously offer both a 
playful explorative mode of interaction and a game score.  

This design decision limits the kind of challenges that can 
be presented. Furthermore, it also makes it impossible to 



 

 

adapt challenges to the group (e.g. by providing different 
difficulty levels or support for different group sizes). 
Hence, it is possible that this design choice will be revised 
for later iterations. 

Multiple groups at the same experiment. Again due to the 
integration of the experiments in the overall exhibition, it 
stands to reason that several different groups should be able 
to interact with the experiment simultaneously without 
compromising the gameplay. This constitutes yet a reason 
for the ‘no login’ design. In The Mission, it is even possible 
for several groups to collaborate in solving a challenge and 
share the resulting score; both simply use their RFID tags to 
pick up the result within a given time frame. 

No handheld equipment. While hand-held devices (either 
dedicated systems or software on the users' own mobile 
devices) are very common in similar projects (see e.g. [5], 
[20]) and many visitors carry mobile phones, we decided 
not to use mobiles or any other hand-held equipment in this 
game. There are multiple reasons for this. Firstly, we saw a 
risk with placing a large part of the game interactions on 
mobiles in that the focus of participants would move from 
the physical experiments to the small screen of the mobile. 
Furthermore, the physicality of the experiments at Tom Tits 
often require not only both hands, but also whole-body 
interaction, such as climbing, jumping and balancing. This 
makes hand-held devices impractical, and would needlessly 
restrict the type of experiments that could be used in "The 
Mission". Finally, having equipment on loan would require 
a check-in / check-out system at the reception which would 
take time and require personnel, and a mobile phone 
application would have required players to download the 
application before the game could be played. Both solutions 
would raise the threshold for participation. 

Interaction in experiments, not on screens. For the same 
reason, we decided early that "on screen" interaction with 
the game should be minimized, keeping focus on the 
experiments. This is a technically more demanding solution 
and placed additional requirements on the embedded 
sensors and actuators to provide adequate feedback on 
participant actions. Similar considerations have been 
highlighted by [3] and [28]. 

Little or no use of text. In line with the overarching design 
principles of the center, the game must avoid textual 
instructions and feedback. This emphasizes the need for 
responsive feedback in the individual experiments. In line 
with the requirements above, this feedback should primarily 
be integrated with the physical experiment. We departed 
from this principle in the game terminal, which uses text to 
explain the game and allows teams to give their spacecraft a 
name.. 

Cheating allowed. We have not been overly zealous in 
avoiding possibilities to cheat. Cheating and transgression 
can be a great source of fun in social play situations, in 
particular when players team up to cheat a system [27]. 

Rather, we have looked for ways to design our experiments 
to allow for clever cheats, targeting in particular children 
that are below the target age range. 

Early Evaluation 
At the time of writing, the game is under iterative testing 
and development. A larger live test has been conducted 
with a five experiment version of the game. In total, 101 
families participated in this trial session. The trial indicates 
that at least some of the goals for the design are met. 

The most important finding was that we observed an 
intense and collaborative engagement within the visiting 
families. In the accompanying survey, 81% of the families 
responded that it was ‘more fun’, or ‘much more fun’, to 
engage with the experiments when they were part of a 
game; 68% reported that the technology was a only a little 
or not at all difficult; and 79% would definitely and 19% 
perhaps recommend others to visit the exhibit. Interaction 
times were generally significantly longer compared to 
similar experiments in the normal exhibit - several minutes 
or more (compared to a few seconds up to a minute). While 
there is no hard data to support this - recording exact usage 
times was not technically possible during this study - this 
observation was made by both experiment observers and 
general staff at Tom Tits. 

The increased focus and collaborative engagement was also 
mentioned by the participants in the follow-up 
questionnaire, such as: 

“The game makes it easier for the parent, when you can 
gather the group around challenges, more focus on 
experimenting together.” 

"Exciting and fun for the entire family, six people, 4-38 
years of age"1 

Furthermore, possible negative effects were not observed. 
Concerns that competitive adults would over-engage and 
take over from the children did not materialize. Negative 
degenerate play, such as "poaching" the points of other 
groups or interfering with the equipment was not observed, 
but given the presence of both adults and observers this was 
not to be expected. Collaboration between visitor groups 
was not common, but did occur. The main form of 
knowledge transfer between groups was watching other 
groups interact with an experiment. 

Several instances of creative "cheating" were also observed, 
as participants tried clever ways of circumvent difficult 
experiments (such as insulating a sensor with a sock) and/or 
played around with the scoring conditions. In one instance, 
a younger participant actively shared his "cheats" with other 
groups.  

 
                                                             

1 Translated from Swedish by the authors 



 

 

 
Figure 6. A family engaged with the marble-path challenge. 

While the game was perceived as engaging, multiple issues 
remained with the interaction design. In particular, the ‘no 
login’ design proved to be unintuitive. Based on previous 
experiences with interactive installations, many participants 
would assume that they needed to log in to the experiments 
in order to play with them. Furthermore, we could not find 
any way to instruct participants about this; the information 
in a small accompanying pamphlet was generally not 
picked up and signs would not be read (showing that the 
emphasis on no text is correct). Hence, even more focus 
must be placed on the inherent clarity in interaction in the 
future development of the installations. 

Interaction design issues also persisted with individual 
experiments. In general, a successful combination of 
physical and digital feedback is difficult to design and must 
be carefully crafted individually for each experiment. The 
quite common visitor group consisting of small children 
visiting together with their grandparents emerged as a 
problematic case. In these groups, the children would rely 
on their elders to provide information on how to play, but 
the grandparents were unable to provide help due to their 
limited technological experience. Families visiting with 
very young children (below the age of four) also had 
trouble engaging, since such children usually required the 
constant attention of at least one parent. 

Some of the design goals for The Mission could not be 
tested in this trial. The goal related to shaping the overall 
science center visit will not be possible to trial until the 
game is integrated with the permanent exhibition. Once 
installed in the open exhibition space, the game will meet 

challenges with short bursts of interaction as well as 
competition from the center as a whole and from mundane 
concerns within the visiting family [26]. It should also be 
pointed out that the experimental setup in itself most likely 
served to encourage prolonged engagement, and that it may 
not manifest as strongly once the game is released ‘in the 
wild’ [23]. 

 CONCLUSION 
There are numerous reasons why the introduction of a game 
system can serve as an entry point to extended, engaged 
interaction with a science center exhibit. The major reasons 
for designing The Mission were to increase attractiveness to 
a computer-game fed generation; increase opportunities for 
family engagement, and to dispel the risk of "museum 
fatigue". Experiments that are too opaque for the visitor to 
readily appreciate the scientific theories behind them can 
use the system to provide hints that will nudge the user's 
mind in the right direction, and allow them to grasp the 
deeper meanings of the experiment. Exhibits that have 
ceased to be interesting for older children can find new life 
with added mechanics. However, a game also has the 
potential to distract the user from the learning objectives, by 
making the user focus too exclusively on the system and 
gaining points [14]. 

How to design for the first without falling into the trap of 
the other is far from self-evident. Our early trials with The 
Mission indicates that families engage collectively and that 
they also find the game highly engaging, but much work 
remains before we can see if the approach as a whole is 
successful. Through the open design of ‘The Mission’ as an 
overarching game where the individual experiments can be 
re-designed and field-tested iteratively, we are able to 
subsequently iterate the design to achieve clarity in 
interaction and balancing the game challenge.. In future 
studies of ‘The Mission’, focus will be on the way 
individuals and groups engage with the game. As discussed 
by Goldstein et al [14], a too strong focus on gaming may 
distract from the learning experience. We will in particular 
look for overly "game-like" modes of engagement where 
the learning is overshadowed by a desire to ‘win the game’. 

Will gamification of science center exhibits forestall the 
gloomy future for science centers envisioned by Bradburne 
[8]? It is too early to tell – but what is certain is that those 
that fail to change with their times usually end up in 
stagnation, and ultimately marginalization.    
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