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Abstract  

Many are the times when visitors leave an exhibition without a clue about its 

message. In an effort to eliminate this phenomenon, museums, institutes and 

organisations (MIOs) adopt more attractive, engaging and fun content to 

provide a high quality and fast learning experience. Games seem to be an 

interesting suggestion to this approach but they are time consuming. To this 

end, we introduce nano-games. We define nano-games as short, easy to 

master, self–contained games of a single level of difficulty, having basic and 

direct rules that stay unaltered throughout the play and challenge players 

with clearly defined goals reachable within tens of seconds of gameplay. This 

approach has been adopted and evaluated in the premises of European 

Center for Nuclear Research (CERN). 
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1 Introduction 

Museums started with an initial aim to collect, preserve, protect and display objects, 

specimens and art. Throughout the years museums have evolved into educational, 

accessible, and innovative institutes serving different people with different needs and 

interests [1]. Nowadays, in addition to museums, there is also a high number of other 

organisations and institutes hosting their own exhibitions in their venues. Universities, 

sport venues, even monuments (as for example the Eiffel Tower), can have or host 

exhibitions in order for their visitors to get to know more about the history hidden behind 

them and their contribution to our society. However, even though museums, institutes and 

organisations (MIOs) make an effort to ensure that every visitor leaves their venues with 

an understanding of what they wished to communicate, often visitors leave without a clue 

about what the exhibition was about [2]. As a result, visitors are not willing to re-visit or 

recommend their experience to others.  

In an effort to eliminate this phenomenon, MIOs have adopted a more visitor-centred 

approach aiming to offer more of an experience than just a visit. Exhibitions get enriched 

with more attractive, engaging and even fun content in order to not only captivate their 

visitors’ interest but also provide a both high quality and fast learning experience, 

regardless of their audience’s background and age. During the last years, games and 

especially educational games have proved to be a great means of knowledge acquisition 

and the way to go in achieving this visitor-centred learning environment [3, 4]. As a 

matter of fact, increasingly more cultural places [5-7] adopt educational games in their 

exhibitions in an effort to improve users’ experience and enhance the learning outcome. 

Even though games seem to be a viable solution to a lasting challenge, one may argue that 
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there are numerous constraints that make adopting games in MIOs more difficult than one 

may think. For example, in order for a user to be able to play a game, one needs to at least 

understand its gameplay and know how to operate its controls beforehand, meaning that a 

MIO visitor would need to spend more time than initially estimated for a simple visit. 

Mastering the game could take even longer as the user would have to be familiar with the 

gameplay in order to achieve its goal. Several studies have shown that MIO visitors spend 

no more than 90 minutes in exhibitions, regardless of their topic or size [8-14], and at 

most 2 minutes [15, 16] in front of an exhibit, meaning that one should understand the 

exhibit's content and purpose in a matter of seconds. To overcome the time constraint a 

new approach is essential. 

Games can be exploited in different ways. Since visit time constrains the visitor’s 

experience while in the MIO, one can exploit time before and/or after the visit to prolong 

the total duration and offer opportunities for new types of experience. The experience can 

be extended before the actual visit to the MIO while the visitor prepares her trip, as well 

as after as the visitor shares the experience with other people. To this end, games can be 

employed before, during, or after the users’ visit. Each option offers different benefits and 

can be used in different cases. For example, in the first option, we proposed games to be 

played before the users’ visit to the venue’s exhibition [17, 18]. The games in that case 

reveal visitors’ visiting styles and cognitive preferences enabling personalised routing and 

tailored exhibit descriptions during their venue visit. They could thus, have a better 

experience during their visit. Neto et al. [19], present another approach where museum 

visitors were asked to play a knowledge game after a museum visit as an effort to increase 

visitors’ learning on the museum’s material and to test the knowledge acquired during the 

museum visit, while [20], presents an approach which encourages its users to share their 

MIO experience with their friends on Social Networks during and after their visit. With 

this approach the visitors’ interest could be kept alive even after the museum visit. 

However, there are cases it may not be feasible for visitors to play the game before or 

after their visit. In such cases, games can be put to use during one’s visit in order to 

enhance their MIO experience. Although this seems like a promising way to go, adopting 

games in the manner we know it, can lead us to the same dead-end as before. This could 

happen due to the fact that games in general take time in order for someone to learn how 

to play as well as be able to understand the gameplay, regardless of whether or not 

achieving the game’s goal. As a result, a different approach that minimises the total 

duration of a game play, while focusing on the specific messages a MIO wants to pass to 

its visitors, is necessary. 

Micro-games have been explored by other researchers [21-24] and can offer a 

solution to the time constrain since they are relatively simple and do not require special 

skills to play while challenging their players with clearly defined goals reachable within 

minutes of game-play. In a study [22] that took place at the cities of Prague and Kladno in 

the Czech Republic, the mean time of user interaction with the game was 20 minutes. 

While this seems promising for museums, considering a single game an exhibit when 

placed in a MIOs exhibition and having in mind the total time spent by visitors in 

exhibitions, as mentioned above, one can straightaway realise that if a micro-game 

approach is adopted, then there is a high risk of visitors not giving the expected attention 

to the rest of the exhibits, especially if more than one micro-games are in place. In 

addition to that, the number of visitors tends to increase when the size of MIO is larger, 

meaning that more visitors will need to spend time interacting with a single exhibit or 

game. This gets even more difficult when groups of visitors enter the MIO exhibition at 

the same time. In these cases a solution would be to offer games that enhance the visitors’ 

experience and communicate some basic message, but do not require much available time 

to play and even less time and skills to learn how to play.  

To this end, we introduce the concept of nano-games. We define nano-games as short, 

easy to master, self–contained games of a single level of difficulty, having basic and 

direct rules that stay unaltered throughout the play and challenge players with clearly 

defined goals reachable within tens of seconds of gameplay. Nano-games can employ 
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human gestures and postures in an effort to maximise the easiness and effortlessness of 

skills needed, and minimise both the practice time and the number of skills needed before 

playing the game. While games in general need at least some skills to be mastered, nano-

games do not assume the availability of time to train the players. To this end, a nano-

game can exploit the mechanics of well-known and popular games to reduce training 

period. This approach can make a noteworthy difference in the total time committed to 

play the game. For example, while micro-games can last minutes or tens of minutes as 

users first need to be introduced to the game and practice in order to be able to play and 

master the game, nano-games should last tens of seconds or a couple of minutes at most. 

This fact implies that nano-games should be mastered in a matter of seconds, without any 

need of practice or lengthy introduction. Moreover, while many games are multilevel, 

with an increasing difficulty, and require for their players to keep up with new rules (e.g. 

new obstacles or new capabilities), nano-games are single-level with unaltered rules 

keeping the “how to play” learning need to the minimum. In addition to the above, nano-

games are targeted on specific concepts of utmost importance. By focusing only on 

passing a specific message, unnecessary details are prevented from catching users’ 

attention and time. As a result, users can receive the main message of a nano-game in a 

matter of tens of seconds. 

In the next pages of this paper, we present two examples of nano-games and we 

describe a case study that took place in an international organisation that exploits nano-

games in its exhibition.  Finally, we discuss the outcomes of the case studies. 

2 Case study: nano games for CERN 

The European Center for Nuclear Research (CERN) is an international research facility of 

great importance. Having a great history in the field of particle physics, CERN has gained 

increasing interest during the past few decades (Travellers’ Choice for 2018 as voted in 

Tripadvisor [25]) from scholars, researchers and tourists. More than 110,000 people per 

year [26] visit CERN in an effort to learn more about the organisation but also about 

particle physics. In order to provide its visitors with the information they are seeking for, 

several exhibits are available to the public. The exhibits are both conventional (posters, 

photos, text), and interactive (tablets, interactive screens, etc.).  

In most cases, CERN needs to provide its visitors with information related to its 

experiments. Some examples include the experiments’ workflow, objectives or even 

results that the organization wishes to communicate to the public. In such circumstances, 

the need of developing a new nano-game occurs. To effectively approach the topic, 

brainstorming involving experts from diverse domains was essential. The brainstorming 

team included people that were able to identify and summarize the information the MIO 

needed to pass to its visitors, (b) came up with suggestions on how to approach the 

concept, and (c) executed the decided approach. The key challenge of the brainstorming 

team was to decide on the “main message” that nano-game needed to pass to players. This 

message had to be comprehensive enough to be described in a single sentence. Secondary 

messages could be listed and included in the final design solution as minor game 

elements. While each case and game is different, the main guideline was that when 

designing a nano-game one has to keep in mind that the nano-game should be based on an 

easily understood metaphor, while maintaining its fun aspect and shortness of game play.  

Taking all the above into account, the CERN Media Lab team developed the LHC 

Interactive Tunnel, or else LIT, as part of CERN’s exhibition. CERN Media Lab [27]  

designs and implements systems, software and content for Science Visualization and 

Communication in order to support CERN’s education programmes. LIT is an immersive, 

interactive space implementing the CERN experience using everyday life metaphors. LIT 

hosted two interactive games, one of which is called Proton Football. Proton Football was 

developed in 2011 to make visitors experience physics, instead of reading or hearing 
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about it using conventional ways. To play the game, users need to use their body parts for 

the gameplay to proceed. Proton Football was an early attempt at reducing the gameplay 

time, while conveying a clear message.  

 

2.1 Proton football 

Proton Football is a playful way to explain to CERN visitors how particles are accelerated 

in the LHC and what happens when two protons collide. To achieve that, the architecture 

of one of CERN’s experiments (ATLAS) is shown on a video wall (which we will call 

“Wall” for the ease-of-use). Both players are given virtual protons, projected on the floor, 

to which they have to give energy by kicking and make them collide in order for the 

experiment to operate and produce data. Figures 1 and 2 show the Proton Football 

interface.  

 
Figure 1. The Proton Football interface along with explanative captions on 

its components. 

During the game, two users are asked to use their legs to physically kick the virtual 

protons positioned on the “Floor” side and make them collide. Protons are emitted from a 

Hydrogen bottle, located on the “Wall” side, get accelerated in the LHC and then are 

positioned in front of each player on the “Floor” side. To kick a virtual proton, the player 

has to do a physical strike to the proton in front of her, using one of her feet. The more 

intense the players’ kicks are, the more energy is given to their protons. To achieve a 

collision, players must aim for their playmates’ proton. In the event of a collision, the 

tracks of the new particles generated from the collision will be shown in both the “Wall” 

and the “Floor” sides. Tracks are distinguished by colour to achieve a visual 

categorization of the tracks depending on the momentum of the particles that created 

them. The bigger the collision, the more particles are produced.  

Proton Football uses the mechanics of real life football. This approach was chosen by 

the Media Lab team in an effort to make the game suitable to be played by all visitors, 

regardless of their sex, age, origin, abilities, etc. Moreover, using a gesture that the 

majority of the visitors have done at some point in their lives (by kicking a ball) made the 

game seem more familiar. 

While making the two protons collide may seem easy to accomplish, the two players 

need to coordinate in time, effort (kick’s force) and direction in order to produce the best 

results. This constrain makes Proton Football not only more challenging but also closer to 

reality. This is because colliding particles in real life is not a trivial procedure and the 

coordination of multiple expert teams is essential for the experiment to be executed. 
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Figure 2. Users playing Proton Football in LIT immersive space, kicking 

from both sides; the proton energy and collision outcome is displayed on 

the Wall. 

In order for someone to be ready to play, simple-to-follow instructions are presented 

by a human guide making it really easy to not only learn to play but also accomplish the 

game’s goals. Completing a full gameplay scenario can even take down to 30 seconds.  

Since Proton Football satisfies the definition of a nano-game, we believe that it is an ideal 

candidate for a first-level evaluation regarding nano-games used throughout visitors’ MIO 

visits. A big portion of CERN visitors is high school students and under-informed people 

trying to find out more information about CERN and figure out what its usefulness to the 

community. When leaving Proton Football’s immersive space, visitors seem to have an 

understanding of how a CERN experiment works and the basic physics of transforming 

energy into matter, through a fun medium. Moreover, the game coped under the pressure 

of loads of visitors’ demands, of various ages and backgrounds from all over the world. 

Visitors were to be able to play, even though they were often part of a group visit where 

the time constrains get stricter.  

 

2.1.1 Assessment  

In order to find the strong points of Proton Football as well as its weaknesses, we 

conducted a first-level evaluation adopting the note-taking observational protocol [28] 

over the course of one year. With this approach we observed users’ behaviour in real-life 

situations where it is more likely to record the frustrations and benefits than in case of a 

lab-based experiment following a set of instructions. Moreover, since we were not 

interfering with the users, they did not have to devote time into experience recording, 

meaning that there was more time for them to play and experience the game. Using this 

method also helps with product improvement as it is not limited to a set of questions 

hence it is more open to elaborate and get ideas. Even though many may argue that this 

type of observation is difficult to be replicable, we have repeatedly experienced users 
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having encountered the same frustrations and benefits. We believe that this is due to the 

really high number of visitors the game has.  

The evaluation took place at CERN’s exhibition space called Microcosm, in Geneva, 

Switzerland. Users were free to play and talk to the guide(s) as much as they would like, 

including asking questions. During all this time, we recorded bugs and errors, as well as 

cases when the users could not understand the designer’s intended mode of interaction. 

After a two-month observation period, we noticed patterns in user behaviours.  

After conducting a first-level evaluation, we observed that visitors were generally 

really happy about Proton Football. First of all, they were excited that they could learn in 

such an immersive and interactive space. Parents were enthusiastic about their kids being 

able to play the games but also getting a vague idea of what protons, accelerators, 

experiments, etc, are. A lot of them claimed that it is really difficult to explain to children 

such complex concepts when they had no background information and admitted that 

Proton Football helped in comprehending the basic idea behind CERN. Elder visitors 

were also enthusiastic about being able to take part in such a «high-tech» game without 

ever having played electronic-games.  

However, we identified a couple of issues during our observations. The first and most 

important one was that the users’ experience was depended on the guide’s approach and 

background knowledge. Since Proton Football had no embedded instructions, the 

presence of a guide was essential for multiple reasons.  As most of the visitors had never 

visited CERN before or played with Proton Football, guides had to (a) explain its 

gameplay and components as well as (b) express the main idea behind it, clarifying some 

basic concepts related to CERN and (c) point out the correlation between the game 

graphics and the main idea. For example, there were cases when the interaction model 

failed as users would step on the virtual proton and expect for something to happen. 

Instead, they would need to stand one step behind and physically kick the virtual proton. 

In such cases, the guides’ assistance was mandatory. Another example proving the 

necessity of guides was when the immersive space was left un-guided, as visitors that 

would approach it, would try to figure out how it works, but after a minute or two they 

would give up. In addition to the above, Proton Football was using the first generation of 

Microsoft Kinect [29] sensors, meaning that there were many occasions when users were 

not recognised by the sensors due to clothing misinterpretations. Guides’ assistance was 

important in this case as well since they would explain to the users what they could do to 

alleviate the issue and be able to play. Another source of disappointment was that it is a 

two-player game. While it was more exciting to play with a friend, there were often times 

when single visitors would come to play and there was no other visitor available, apart 

from the guide. We have also observed that some users had difficulties trying to control 

both the energy and the direction in one gesture. Instead of changing the speed of their 

kick to achieve the best collision result, they kept at the same pace until they left the 

space. In other cases, the two players would kick the protons in different directions, never 

managing to collide them. Finally, there were also cases were users focused more on 

having fun, than actually getting some knowledge out of the game. We believe that part of 

this problem were the graphics, since players had to correlate information shown on both 

the back and floor screens. For example, users would often not notice that the protons 

were emitted from the hydrogen bottle on the “Wall” side, accelerated in the LHC and 

then positioned in front of them on the “Floor” side. As a result, users missed the 

information of where do protons come from. Such cases were also a reason that a human 

guide was essential. These findings were taken into consideration while designing a new 

game to promote a therapy based on CERN’s technology.  

 

2.2 HEAL game 

Having in mind the above findings, we designed and developed an interactive game using 

similar philosophy and technologies. HEAL is a nano-game developed for LIT and 

intending to (a) inform visitors about Hadron Therapy and how it works, as well as (b) 
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highlight CERN’s involvement in other research fields, apart from physics and computer 

science, underlining its impact on our everyday lives through technological achievements. 

The game was designed with the following goals. After playing the game, users should be 

able to understand that (a) Hadron Therapy is more accurate than conventional therapy 

and (b) CERN relates to everyday life technologies.  

In HEAL, users are challenged to destroy multiple cancer cells located in a 

humanoids’ brain. The interface and interaction model underwent a few prototypes and 

tests. Figure 3 shows HEAL’s first production interface.  

Before entering HEAL’s immersive space, users would see a message on the “Wall” 

side encouraging them to step to the footprints shown on the “Floor” side (Figure 4a). As 

soon as they would step in, some of HEAL’s graphics (how-to-play instructions and 

hadron beam’s direction preview line) would become visible.  

During HEAL’s gameplay, on the “Wall” side one may see a humanoids’ brain along 

with some brownish blobs that represent the cancer cells. On the left side of the “Wall” 

users can see the energy bar along with some optical guidance (images) on how to interact 

with the game controllers that is always present. On the right side of the “Wall”, a small 

info-box is always present to the users providing basic information for Hadron therapy. 

On the “Floor” side, users can see two footprints, indicating the place where they should 

stand, along with some arrows showing the direction to which they should kick. The rest 

of the “Floor” side is covered by a miniature of an accelerator, ending up to the “Wall” 

side. As soon as the users would kick, a virtual hadron beam would be emitted, 

accelerated and directed to the cancer cells. 

 

Figure 3. The HEAL interface along with explanative captions on its 

components. 

Regarding the controls, visitors can use their hands to select the amount of energy to 

irradiate the cancer cells and then the emission direction, in contrast to Proton Football, 

where everything is controlled by a single gesture. In HEAL one has to just raise one of 

their hands in order to activate the control (Figure 5). To control the amount of energy, 

users have to raise their hand sideways pointing to the “Wall”, while to control the 

direction, users have to raise their hand in front of them in parallel to the “Wall”. While 

playing, they can either use one hand to control the energy and direction values one after 

another, or raise both of their hands at the same time and adjust the values simultaneously. 

Each control will “lock” to the desired value as soon as the user keeps her hand still for a 

couple of seconds. When a value was “locked”, its corresponding instruction image on the 
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“Wall” side would turn green (Figure 4b). Then, they may return their hand(s) close to 

their body. 

To accelerate the hadron beam, users need to use their legs to physically kick the 

virtual hadrons that are going to be irradiated with the energy and to the direction they 

have already chosen. The beam will be first be accelerated in the miniature accelerator 

visible on the “Floor” side (Figure 4c) and then will travel to the “Wall” side, penetrating 

the humanoid’s brain following the direction as set by the user (Figure 4d). The more the 

energy selected by the user, the further away the hadron beam will reach. To vanish the 

cancer cells, users need to select the exact amount of energy in order for the hadron beam 

to stop in the area where they are located. In case the energy is less or greater than the 

required one, the cancer cells will remain intact. 

 

Figure 4a. The “Wall” interface before 

someone stepped on the footprints on the 

"Floor" side. On the right side, general 

information on Hadron Therapy are 

displayed. 

 

Figure 4b. The "Wall" interface when a 

player has already selected the energy 

amount and the direction for the hadron 

beam to be emitted (green instructions 

above the corresponding images). 

 

 

Figure 4c. The “Floor” interface as soon 

as the user had kicked. The hadron beam 

gets accelerated. 

 

Figure 4d. The "Wall" interface after the 

kick has happened. The hadron beam is 

directed to the direction the player has 

selected before. 

Figure 4. HEAL's interface when a gameplay scenario is running 

 

While Proton Football needs external guidance, HEAL can stand by itself as (a) a 

small info-box is always present to the users providing some main information for Hadron 

therapy, (b) optical guidance (images) on how to interact with the game controllers is 

always present as well and (c) a newer version of sensors was used minimising the 

problems stemming from clothing misinterpretations.  
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Figure 5. HEAL in Microcosm. User is adjusting the energy to which the 

hadron beam will be emitted to the humanoid’s brain. 

As already mentioned above, HEAL has one important difference to the Proton 

Football game. While to achieve the game goal of Proton Football users need to perform 

only one single task, kick of a virtual proton and movement of the user’s body 

respectively, in HEAL they need to perform a set of tasks and decide precisely the values 

needed to set. For example, in Proton Football players need to collide protons with as 

much energy as they wish. The collision will happen as far as the direction of both 

protons is correct, regardless of the energy given. However, in HEAL, unless the correct 

amount of energy and direction is selected, the cancer cells will remain intact.  

In addition to the above, Proton Football is a two-player game meaning that the 

players need to coordinate to achieve a collision. Especially in the case when players want 

to achieve the best outcome (maximum energy on both protons), both players have to kick 

with force and at the same line of direction. This means that not only players need to find 

a playmate, but also manage to coordinate. HEAL is a one-player game as (a) we believe 

that it diminishes such cases and (b) its representation gets closer to how Hadron Therapy 

works in real life as hadrons are emitted from one side and not from multiple.  

2.2.1 Questionnaire development 

Questionnaires were developed from findings of previous studies [30-34]. General 

questions providing basic information on the participants’ profiles were included in all 

questionnaires. In order to cover as many factors affecting the quality of the visitor 

experience as possible we included the following factors: (a) satisfaction, (b) engagement, 

(c) learnability, (d) perception, (e) motivation/triggering, (f) ease of use, (g) ease of 

learning, and (h) gameplay clarity. Since the size of one questionnaire would render it 

exhausting, we preferred to create a set of questionnaires covering different factors, in 

order not to discourage a visitor from participating to this preliminary evaluation.  

Statements were worded carefully and long, ambiguous, leading and biased questions 

were avoided. Most of the statements were presented in scales as Likert items from 1 

meaning “strongly disagree” to 5 meaning “strongly agree”. The questionnaires included 

demographics questions, as well as open questions that promoted participants to express 

their opinions on the game. 

Questionnaires were available in five different languages: English, French, German, 

Italian and Greek to increase the number of participants willing to participate. The latest 
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evaluation [35] of CERN showed that most of its visitors were speaking one of these 

languages. By providing questionnaires in the visitors’ mother language, 

misinterpretations would be minimised and visitors would feel more comfortable 

responding. 

Questionnaires were available at a stand next to the HEAL game. Any visitor who has 

played the game could voluntary fill in a questionnaire. Completed questionnaires were 

asked to be put in a letterbox next to this stand. This led to a random sample, and not in a 

sample that was weighted representative of the MIO’s visitors. On the other hand, this 

made the fulfilment of the questionnaire completely voluntary. 

In every evaluation there were missing data occurring for different reasons. In this 

study, we excluded the questionnaires where the respondent has not responded to one or 

more questions, apart from the two open ones, as well as the ones where the response was 

invalid (e.g. where only one answer was required but the respondent selected several 

responses). 

Prior to completing the questionnaire, visitor consent was asked. Especially for 

participants age 16 to 18, consent from the accompanying adults was required (e.g. 

parents, teachers, etc.). All questionnaires were anonymous. 

2.2.2 Preliminary evaluation 

A preliminary evaluation of HEAL’s prototype was conducted in order to provide us with 

an assessment of the quality of the user experience. This was necessary to not only 

evaluate the usability of the game in terms of its user interface and stability, but also to 

gather data and experience for designing and running a more formal study.  

The preliminary evaluation was conducted at Microcosm, CERN’s most popular and 

visited permanent exhibition. HEAL was available in the “Discoveries” area of 

Microcosm for approximately a month (from March 15th to April 20th 2016) from 8:30 to 

17:30. During this period, 221 random visitors in total agreed with a written consent on 

participating in the evaluation, 142 of who were male (64.25%). All data was collected 

anonymously. 

Most of the participants were from 16 to 24 years old (Figure 6 - 67.87%). Organised 

visits, either school ones or not, were also the most common type of visit (Figure 7 - 

61.54%). All participants were random visitors of Microcosm who could speak fluently 

and understand the English language.  

 
Figure 6. Age group 

statistics related to the 

preliminary evaluation. 

 
Figure 7. Type of visit statistics related to the 

preliminary evaluation. 

The first questionnaire included questions for five factors:  

 Satisfaction: whether the game is interesting to use and met the expectations of its 

users 

 Engagement: whether the game was engaging enough to keep playing 

 Learnability: whether the information is presented in meaningful ways  

 Qualia: whether the game provided a conscious experience 

 Motivation/Triggering: whether the game triggered its users to learn more about its 

topic after their visit. 
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The second questionnaire included questions for four factors:  

 Ease of use: how quickly expert users can accomplish tasks once they have learned to 

play the game 

 Ease of learning: how easy it is for first time novice and casual users to figure out 

how to play the game 

 Gameplay Clarity: whether the game contained all information necessary to evaluate a 

position and determine the correct play 

 Overall Satisfaction: the user’s overall satisfaction with the game experience. 

Since both questionnaires comprised of a big number of questions, we will only 

present the ones with the clearest results or the ones that affected the HEAL’s architecture 

before implementing a more formal evaluation. 

The results of the preliminary evaluation were encouraging as HEAL seemed to be 

very appealing to everyone, especially teenagers. The prototype provided a fun game 

environment while providing enough information for users to understand (a) the purpose 

of the game and (b) how it is connected to CERN, and discern (c) the problem presented 

and (d) the solution offered, thus leaving CERN (e) having an overview of the entire 

method of treatment. 

Our observations identified the interactivity provided as a particularly attractive 

design feature. Visitors often became more excited as they realised they could interact 

with the game controls just by using body movements (85.45%). This could be one of the 

reasons participants described the game as fun (99.09%) and interesting (94.55%), while 

being educational by introducing some concepts about the angle and the amount of energy 

needed to succeed in the game. In total, 158 participants shared their thoughts on what 

they liked about HEAL. Table 1 shows the most frequent comments. 

Table 1. Participants’ comments in open question related to the strong points of 

the HEAL game. 

What visitors liked # (%) What visitors liked # (%) 

Interactivity 55 (34.81) Simplicity 7 (4.43) 

Fun / Enjoyable 24 (15.19) Clarity 6 (3.80) 

Graphics 15 (9.49) Ease of Learning 6 (3.80) 

Educational / Informative 11 (6.96) Easy to play 5 (3.16) 

Understandable 10 (6.33) Usability 5 (3.16) 

Gameplay 10 (6.33) Connection with medicine 4 (2.53) 

Interesting 9 (5.70) Fun to learn 3 (1.90) 

Participants have found HEAL easy and simple to use (92.79%). Regarding the ease 

of learning, statistics were really encouraging. Most of the participants stated that HEAL 

was easy to learn to play (97,30%) and didn’t think that a lot of things were essential to 

learn before they could play the game (89,49%). 

It is important to also mention that only 36,94% of the participants admitted having a 

strong experience with the X-Box Kinect or Wii [36] sensors. Since more than half of the 

participants (63,06%) had no strong experience with either the X-Box Kinect or Wii 

sensors, it is quite interesting to take a deeper look into their game experience regarding 

the ease of learning. Most of the participants (98,11%) stated that HEAL was easy and 

fast to learn to play. In addition, participants admitted becoming quickly good at it 

(84,91%) and mentioned that the controls of the game were not difficult to understand 

(92,45%). In other words, regardless of the users’ previous experience with either the X-

Box Kinect or any other similar sensors, the preliminary evaluation results show that 

HEAL fulfilled its purpose regarding the ease of learning. 

As mentioned above, HEAL is a single player game. When asked, more than half of 

the participants (53.64%) agreed that a two-player competitive version of HEAL would be 

more entertaining (Figure 8). However, most of them (82.81%) admitted that the single 
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player version is more suitable since it describes better how hadron therapy works in real 

life. As shown in Figure 9 more than half of the total participants (58.18%) noted the 

single player version as the best describing one.  

 
Figure 8. Participants’ answers related to the most entertaining hypothetical game 

scenario. 

 
Figure 9. Participants’ answers related to the best describing hypothetical game 

scenario. 

The preliminary evaluation also revealed some minor bugs in the game prototype that 

were later eliminated and tested before the formal evaluation of HEAL. The bugs were 

mainly related to the way the game was recognising players and their movements, 

especially when another visitor was entering the interactive space. In total, 103 

participants shared their thoughts on how HEAL should be improved. Table 1 shows the 

most occurred suggestions for improvement by users. On the top of the list, users 

expressed the need of further explanation of what HEAL is about and better instructions 

on how to play the game. To achieve that, a more detailed description of Hadron Therapy, 

as well as images accompanying the existing text instructions on how to play the game 

were added to the game interface. Problems related to the sensors were identified and 

eliminated. Minor changes have also been applied to the gameplay since some 

participants seemed to find the idea of representing cancer growing over time unpleasant. 

Finally, suggestions such as climaxing difficulty were not adopted as we believe that a 

game such as HEAL should be fast to play and simple enough to not keep the users more 

than two minutes as explained before.  
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Table 2. Participants’ comments in open question related to the points that need 

improve in the HEAL game. 

Suggestion for Improvement # (%) Suggestion for Improvement # (%) 

More instructions / explanation 28 (27.18) Multiplayer 6 (5.83) 

Improve sensor accuracy / sensibility 22 (21.36) Difficulty 

 (Harder to win) 

6 (5.83) 

Improve Kinect reception  13 (12.62) Improve aiming precision 6 (5.83) 

Better input feedback 6 (5.83) Climax difficulty  

(More levels) 

3 (2.91) 

After playing HEAL, more than half of the participants expressed their desire to learn 

more about science (61.82%), or CERN technologies (79.09%), or specifically hadron 

therapy (76.36%). Ten out of fourteen people stated that after playing HEAL their stance 

was changed. While before they were not interested in CERN, after playing HEAL, ten 

(71.42%) claimed wanting to learn more about hadron therapy and eleven (78.57%) about 

science and CERN technologies.  

In addition to the above, many where the participants that would like to play longer 

(60.91%) or again (82.73%). However, results have shown that visitors usually do not 

come back for a second visit. Many were the cases when people would come from a 

different country, or even a different content, in order to visit the exhibition. Out of 221 

participants, only 5 admitted having visited the organisation before. For the rest of the 

participants (97.74%) this was the first time visiting CERN. With such a high percentage 

of first-comers, CERN needs to make sure that whatever message they would like to pass 

to its visitors, it should happen during their visit time. This also means that visitors would 

neither have played the game before, nor play with it ever again, or at least in the near 

future. On the other hand, participants were willing to recommend HEAL to a friend 

(82.27%), but only some of them (21.82%) would like to share their score (time it took 

someone to vanish all cancer cells) on Social Media. 

Overall, almost all responders stated having a good experience (Good – 43.89%, 

Excellent – 53.85%) playing HEAL.   

2.2.3 Formal Evaluation 

The formal evaluation of HEAL took place one week after the preliminary evaluation. 

Using the latter one’s data and experience, the formal study was designed to cover any 

missing spots or clarify uncertainties the preliminary evaluation showed. We have also 

used selected questions from previously validated questionnaires found in [37]. In 

addition, we performed a Cronbach’s alpha analysis to test the internal consistency of the 

questionnaire we used. The value found was 0.62 which is a good, acceptable value for 

internal consistency. 

Questionnaires [38] were available at a stand next to the HEAL game. Any visitor 

who has played the game could voluntary fill in a questionnaire. Completed 

questionnaires were asked to be put in a letterbox next to this stand. Similarly to the 

preliminary evaluation, the fulfilment of the questionnaire was completely voluntary. 

The questionnaires available to the participants were much shorter but included more 

targeted and essential questions, focusing on evaluating the user experience and the 

learning processes used. Statements were again worded carefully and long, ambiguous, 

leading and biased questions were avoided. For almost all questions participants had to 

select one of the possible answers. There was also one open question that asked 

participants to express their life experience, allowing respondents to formulate their own 

statements. In this study, we excluded the questionnaires where the visitor has not 

responded to one or more questions, apart from the open question, as well as the ones 

where the response was invalid (e.g. where only one answer was required but the 

respondent selected several responses).  

The formal evaluation was conducted at the same place as the preliminary evaluation, 

CERN’s permanent exhibition called Microcosm, and it was conducted over a two-month 

period (from April 28th to July 1st 2016). During this period, 463 random visitors agreed 
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with a written consent on participating in the formal evaluation, 259 of who were male 

(55,94%). Figure 10 shows that most of the participants were from 16 to 24 years old 

(54,86%). All participants were random visitors of Microcosm who could speak fluently 

and understand the English language. All data was collected anonymously.   

 
Figure 10. Age groups of the participants who took part in the formal evaluation 

In order to evaluate the quantity and quality of information assimilated by 

participants, a couple of questions related to the background knowledge they had before 

visiting Microcosm, were added to the questionnaire. Results related to learnability were 

promising. 

As shown in Figure 11 and Figure 12 while a quite more than a half (67.17%) 

participants knew about CERN’s contribution to society (e.g. WWW, Grid), only 38.88% 

of them had heard about proton therapy. As a matter of fact, only three out of ten people 

knew both about CERN’s contribution and Proton Therapy before their visit 

(χ2(1)=18.338 , p=0) at Microcosm while almost one fourth of the participants knew 

nothing about CERN’s activities outside the physics field. Also, male visitors seem to 

know more about CERN’s contribution to society before their visit (χ2(1)=19.282, p=0). 

These results prove the urgent need of informing the public about the organisation’s 

contribution to society besides physics.  

 

Figure 11. Visitors background 

knowledge on CERN’s contribution. 

 

Figure 12. Visitors background 

knowledge on Proton Therapy. 

After interacting with HEAL, participants were asked about the information 

acknowledged by using the nano-game (Figure 13). Almost 80% of the participants 

claimed understanding what Hadron Therapy is and how it works by using HEAL. Only 

3.67% of the participants said that the presentation of Hadron Therapy was not clear. 

Moreover, most participants (92.22%) suggested the more frequent use of such games in 

learning. 
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Figure 13. Participants' opinion on HEAL's informational scope. 

To examine whether HEAL fulfilled its informational purpose and participants 

actually have drawn the information intended to transmit through the nano-game, it was 

essential to evaluate whether participants expressed their honest opinion. In an effort to 

achieve that and eliminate random answering, we included three questions related to 

hadron therapy and how it works, as well as justification questions asking to select an 

explanation for participants’ answers in the main questions.  

The questions were chosen carefully to reflect the main messages HEAL aims to pass 

to its users. The first and second questions focused more on the way Hadron Therapy 

works and its superiority to conventional therapy, while the third question was related to 

CERN’s contribution to society. The first two questions were followed by justification 

questions, asking the participants to state the elements of the game that shaped their 

opinion.  

 
Figure 14. Participants’ answers in the first two learnability evaluation 

questions. 

From participants’ answers it seems that the majority of participants apprehended the 

information that HEAL provided them. This could be either from its gameplay metaphors 
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(e.g. aiming, kicking, etc.), or from its graphical interface. Almost two thirds (71.49%) of 

the participants answered correctly in both the first question and its justification, while 

more than half (63.71%) in both the second question and its justification. Finally, almost 

all participants (97.41%) answered correctly in the third question. It should also be 

mentioned that male participants responded correctly to the first question (and its 

justification) (χ2(1)= 5.052, p<0.05). Participants who claimed knowing about CERN’s 

contribution before their visit have also responded correctly to the first question (and its 

justification) (χ2(1)=6.539 , p<0.05). 

In case a participant answered a question correctly but the justification of this exact 

question wrongly, or in reverse, we considered the answer to that question as wrong. If a 

participant would grasp the deep meaning of the concepts, she would have been able to 

reply correctly to both questions. Figure 14 shows participants’ answers regarding the first 

two questions, which were followed by verification questions. The green colour 

represents the participants that replied correctly both to the question and its justification 

question. The yellow colour represents the participants that answered only one of the 

questions correctly (either the main or the justification question). Finally, the red colour 

represents the participants who answered both the main and the justification question 

wrongly. It is quite evident that the number of participants having both the question and 

its verification wrongly answered is really small.  

 
Figure 15. Statistics related to users’ responses in evaluating the learning 

outcome. 

Having the above-mentioned assumption in mind, only four participants answered all 

three questions wrong (0.86%), while almost half of the participants answered all 

questions correctly (49.03%). Figure 15 shows the number of the total correct answers 

participants gave. 

Consequently, as shown by participants’ answers, HEAL did fulfil its learning 

purpose since participants claimed of having learnt what Hadron Therapy is and how it 

works. This also gets verified from their correct answering in a set of learnability 

questions (χ2(12)=44.547, p=0). The evaluation showed that only 11.66% of participants 

had a wrong perception of Hadron Therapy. This is because although they claimed having 

a good understanding of what Hadron Therapy is and how it works after playing the 

game, they replied to more than half of the questions wrongly. 

 
Figure 16. Time participants spend playing HEAL. 
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It is also worth mentioning that for the first 125 random participants the time spent 

interacting with HEAL was also recorded by the evaluator. Figure 16 shows how much 

time participants spent using the game. It is quite impressive to mention that fifty two out 

of one hundred and twenty five participants answered correctly to all learnability 

questions by only spending no more than 30 seconds of interaction with HEAL (41.60%). 

This number gets much higher for participants who spent up to 60 seconds (77/125 - 

61.60%). Table 3 shows the number of correct answers given relatively to the time spend 

interacting with HEAL. While the sample may be not be big enough, there is a distinct 

trend that most users acquire the needed knowledge during their first minute of interaction 

with HEAL. A couple of tries with the game seem to be enough in order for participants 

to understand what Hadron Therapy is and how it works. This seems to be the same case 

even when users get the wrong perception of a game’s purpose. Playing longer HEAL did 

not lead into users getting a clearer understanding. On the contrary, users’ perception was 

formed during the first minute of interaction, similarly to the first case. This means that 

users acquire their perception during their first minute of interaction with the game, 

regardless of whether this is correct or not. 

Overall, 92.01% of the participants stated having a good experience (Good – 63.07%, 

Excellent – 28.94%) playing HEAL (Figure 17). 

Table 3. Number of correct answers related to time spent playing the game for the 

first 125 random participants. 

Time in Seconds All three correct Two correct One correct None correct 

Up to 30     52 (41,60%)     21 (16,80%)    8 (6,40%) 1 (0,80%) 

Up to 60 77 (61,60%) 28 (22,40%)     8 (6,40%) 1 (0,80%) 

Up to 90 83 (66,40%) 29 (23,20%) 9 (7,20%) 1 (0,80%) 

Up to 120 85 (68,00%)    29 (23,20%)    9 (7,20%) 1 (0,80%) 

More than 120     1 (0,80%)    0 (0,00%)    0 (0,00%) 0 (0,00%) 

 

 
Figure 17. Statistics related to the overall experience of the users during the 

formal evaluation. 

3 Discussion 

HEAL’s evaluation showed some promising results when put under the pressure of loads 

of visitors. Microcosm has 400 visitors in average per day and its open for 9 hours on 

working days, and for 8 hours on Saturdays. This means that the MIO needs to be able to 

pass its message to as many visitors as possible and as fast as possible. This gets more 

challenging when visitors are part of group visits. More than 5 people (even 20) can arrive 

at the same time and place and, since a visit lasts approximately 1.5 hours, they only 

spend a few minutes at one exhibit. Since the majority of the visitors have never visited 
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CERN before and one fourth of its visitors has no knowledge about CERN’s activities 

outside the physics field, the challenge to deliver the main message gets even more 

elusive. This can be feasible with nano-games. Doing some simple calculations, on a 

working day having 400 visitors, each one can play HEAL spending 1 minute and 21 

seconds. Having in mind the evaluations’ results, 1:20 minutes is more than enough for a 

visitor to get the main message that the nano-game is willing to pass to its players. This is 

verified by the fact that participants who agreed that the hadron therapy presentation was 

clear also responded correct to all learnability questions (χ2(12)=44.547, p=0). 

In addition to the above, a MIO can have more than one nano-games. Since its purpose is 

fulfilled in a matter of seconds, visitors can play a number of nano-games and acquire in a 

playful way the needed information they were seeking for. This would not be possible 

with games that last tens of minutes or even need training in order to be played. As 

already presented in [22], micro-games are described as a “means to reinforce and 

integrate part of the knowledge learnt in the expository lecture” and are lectures’ 

supplements. For their evaluation, students from four high schools participated answering 

a) an immediate post-questionnaire, and b) a one month delayed post-questionnaire. The 

full questionnaires were not available in [22]. Results seemed encouraging as the micro-

game was at least as effective as traditional instruction, when measured immediately after 

the exposure and reinforced and integrated knowledge was retained better. On the other 

hand however, nano-games are presented as an independent, self-contained approach, 

with no need for introduction or briefing, either before of after their use. While an info-

box was available, it does not imply that users actually took the time to read it, as no data 

were collected to this end.  In addition to the above, our evaluation took place in an 

international organisation, CERN, visited by a high variety of visitors in the terms of 

several aspects such as sex, gender, nationality, background knowledge, etc. The formal 

evaluation showed that 350 out of 463 (75.59%) participants come from countries outside 

Switzerland, France, Germany, Italy and Austria to visit CERN. As a result, one can 

assume that due to the long-distance limitation, visitors are not able to revisit often. This, 

along with the anonymity of the questionnaires, makes the possibility of post-

questionnaires for our evaluation unattainable. 

Another aspect that had not been mentioned above could be the cost of developing a 

nano-game. Nano-games are self–contained games of a single level of difficulty, contrary 

to other games where more than one difficulty levels are available. Usually, small MIOs 

do not have the economic vigour (e.g. human resources) to fund expensive games. Nano-

games offer the alternative of an inexpensive, yet qualitative implementation since due to 

their shortness and simplicity, one does not need to develop as much as they would when 

developing a multilevel game. 

Finally, during our evaluation there were a few cases where visitors had physical 

disabilities, either temporary (broken arm or leg) or permanent (paralysed hand or leg). In 

case one of their hands was functional, visitors were able to play the game with no issues. 

There were also cases where visitors would use a wheelchair. HEAL was able to identify 

the user and, albeit the user was not able to physically kick, just by moving the wheelchair 

forward they were able to simulate the “kick” gesture and be able to play. Even though 

HEAL responded well in such cases and is optimistic, we believe that the cases we had 

are not enough to draw conclusions, so we leave it as future work. 

3.1 Challenges and guidelines 

The main challenge of developing a nano-game is identifying the message and selecting a 

suitable metaphor to help pass the message across. To this end, a team of experts on the 

subject and designers is of the essence. First, experts have to come down to a main 

message that can be written in a single phrase. A first guideline is to start designing only 

when this message is identified and agreed upon. In the case of HEAL game, the phrase to 

pass was “It takes careful planning to hit a tumour target”. In the case of Proton football 

the phrase was “It is very difficult to make two protons collide”. Other, secondary 

messages can be written down to see if the selected metaphor can cater for them, without 
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obscuring the main message. Secondary messages for HEAL game were: “The new 

therapy can be very efficient” and “A particle accelerator can be used for treatment”.  

The second major challenge is to identify a suitable metaphor. For our nano-games a full 

body gesture-based environment is being used. The basic guideline calls for metaphors 

based on universally understood and accepted gestures. In the case of Proton football, the 

metaphor was the kicking of a ball (hence the title of the game). In the case of HEAL 

game, the metaphor was initially that of an archer. But, technical difficulties changed the 

metaphor to that of “point to an object”. Which reveals the next challenge: the metaphor 

has to be programmatically implemented and technology has its limits.  

Another major challenge is not to convey dubious or wrong messages. For example, while 

considering whether HEAL game should be a single or two-player game and having 

implemented the popular Proton football game, the first notion was to re-use the football 

metaphor. But, that would probably mislead players into thinking that the tumor was 

being attacked from multiple sources. Finally, to avoid issues derived from the two-player 

game, as previously described, it was decided to adopt a single player type of game. 

However, in case of a two-player configuration, the tasks would have to be redistributed 

to allow two players to play. Again, the guideline calls for early evaluation of the 

designed prototype, even as a mock up, to avoid unwanted messages. One has to 

remember that the selection of graphics can greatly help in that. Simple, intuitive graphics 

have to be selected and unnecessary clutter has to be avoided. A new user, who has to 

learn the game in tens of seconds, has to get information for the task she has to perform, 

supported in focusing on it. She should not get distracted with additional information. 

4 Limitations – Future Work 

To conclude, we believe that nano-games offer MIOs the opportunity to provide a fast, 

yet qualitative informational experience to their visitors. Regardless of their shortness in 

time or of the crowds that may exist, especially in peak hours, visitors are able to get the 

maximum interactive experience possible in a matter of seconds. Moreover, MIOs ensure 

that every visitor leaves their venue with an understanding of what they wished to 

communicate through a fun medium. For a MIO like CERN, where the exhibitions have a 

strong basis on physics, full-body interactive nano-games can offer a viable approach to 

help convey the message to the visitors. 

However, one could envisage the usage of nano-games in the context of other types of 

MIOs, in fields other than physics. For example, nano-games could be exploited in history 

of sports museums to offer insights on games mechanics or ergonomics. Another example 

could be in a geology museum to help understand the pressure and heat required to create 

a diamond. 

Working in a real life setting in a crowded venue like CERN, we had to respect 

organisational issues and not interrupt the visitor flow. For this reason, we proceeded with 

a grab sampling process. This type of sampling process, being non-probability, implies 

that it is more flexible in a real venue setting, but it also means that we cannot easily 

generalise the findings. Keeping these in mind, the nevertheless strongly significant 

results of the present work, can be read as strong indicators of possible tendencies. 

However, the present work also used a rather large sample (N=463) to increase the 

reliability of its findings. 

In the near future we are planning to test the suitability of nano-games to other more 

traditional MIOs, especially museums and cultural venues. We foresee that, depending on 

the MIO, special effort may be required to identify the main message to be conveyed 

through the nano-game and design nano-games that manage to communicate the message 

to the visitors. Also, we are looking into using small demo videos or animations, instead 

of images, on how to play the nano-games. The demo videos will be automatically 
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triggered as soon as a visitor enters the interactive space aiming to attract her to play the 

game.  
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