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Abstract During recent years, our group has been combining tabletop devices and
Tangible Interaction in several experiments in nurseries, schools and special edu-
cation schools. The development of tangible tabletop games for children involves
the integration of physical, virtual and social aspects, thus introducing new chal-
lenges to their design, implementation and evaluation processes. This chapter
describes the complete process of creating a tangible tabletop game for kindergarten
children. The role of the children in every step of the process is discussed, and the
different evaluation methods used are shown. The frequent evaluation sessions have
provided us with valuable information such as the kind of gestures to be recognized,
the benefits of using an additional monitor, or the convenience of using a virtual
agent to guide the game. These and other lessons extracted from our experience are
presented and discussed in the chapter. An evaluation of the game in a special
education environment is also described. Owing to the particular social and
cognitive characteristics of these children, conventional well-known usability and
user-experience evaluation methodologies are not suitable. Findings from these
evaluations are also shared and discussed in order to help in the challenging task of
designing tangible tabletop games for all.
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1 Introduction

One of the emerging research fields in human—computer interaction (HCI) is con-
cerned with innovative interaction techniques that aim to provide a more seamless
bridge between the physical and digital worlds. Tangible user interfaces (TUI) aim
to give physical form to digital information by coupling physical manipulations of
conventional objects with computational systems (Ishii and Ullmer 1997). TUI are
envisioned as an alternative to conventional desktop computers (monitor + key-
board + mouse) that would bring some of the intuitiveness of the interaction with
conventional objects back into our interaction with digital content.

Games and entertainment computer applications are especially prolific in putting
into practice the TUI paradigm, giving rise to a new generation of hybrid games
which combine traditional physical playing based on the manipulation of toys and
playing pieces, with the new possibilities of digitally augmenting the player’s area
with computer images and audio feedback.

Large horizontal interactive surfaces (or tabletop devices) are emerging as an
ideal environment for these innovative hybrid games (Heijboer and van den Hoven
2008; Leitner et al. 2010). Tabletop devices are of particular interest for reinforcing
face-to-face social relations (Rogers and Rodden 2003) and group activities (Morris
et al. 2005). However, most current child-oriented applications for tabletops are
based on tactile interaction. This poses important problems when applied to very
young children or children with physical and cognitive disabilities since this kind of
interaction requires fine muscle coordination. This problem can be avoided in the
Tangible Interaction approach, investigating how objects and digital content could
be more intuitively coupled and how to better apply TUI to children. Recent studies
carried out by Marshall et al. (2003) and Zuckerman et al. (2005) proved that
applying the Tangible Interaction approach to young children can take advantage of
the same pedagogical values as learning with materials. TUI enable children to
interact with the physical world, while augmenting it with relevant digital infor-
mation used to facilitate and reinforce active learning (Price and Rogers 2004).
However, there is a lack of studies about the impact of Tangible Interaction with
very young children (3—6 years of age). Moreover, the application of alternative
ways of interacting with digital contents has also recently revealed important
benefits for special needs children (Bevan 2003; Piper et al. 2006). New interactive
devices are not only more physically accessible but also offer a more direct and
flexible form of showing digital information to the child. However, the lack of
specific studies in this area is particularly noticeable.

In recent years, our group (the AffectiveLab at the University of Zaragoza,
Spain) has been combining tabletop devices and Tangible Interaction in several
experiments in nurseries, schools and special education schools. Our approach is
that an appropriate combination of a tabletop computer device with Tangible
Interaction can bridge the gap between digital- and physical-based activities for
young children and/or children with cognitive disabilities. The objective of our
work is to explore the benefits that this kind of technology offers to these children in
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terms of usability, user experience and physical co-located playing. In this context,
we decided to create the NIKVision system, which consists of a tabletop device and
a set of tangible games (Marco et al. 2010a) designed to support co-located gaming
around the table with a Tangible Interaction approach based on toy manipulation.
To achieve an optimal design for the NIKVision tabletop and games, the devel-
opment process was undertaken with the active involvement of children right from
the very early conceptual stage (Marco et al. 2010b, 2013a). The participation of
children in the technological design of products oriented to them is always desir-
able, but it involves many challenges (Raisamo et al. 2006). The very considerable
variation in their needs and social skills depending on their age and even among
children of the same age has to be taken into account as well as the ethical questions
involved (Farrel 2005). Even though useful guidelines have been provided by
researchers such as Read et al. (2002), Markopoulos (2008) and Druin and Hanna
(1999), the best way of selecting the role of children in a project and the most
suitable testing method in every step still remains an open question. Besides, the
consideration of children with special needs, in particular, with cognitive disabili-
ties makes the evaluation issue even more difficult but opens the door to the
challenge of designing TUIs for all.

This chapter is organized as follows. Section 2 describes the state of the art.
Section 3 presents our tabletop NIKVision. Section 4 describes the complete pro-
cess of developing a tangible game for kindergarten children from the creation of
the concept to the final evaluation, as well as the lessons learned. In Sect. 5, an
evaluation of the game with special needs children is presented. Finally, Sect. 6 is
devoted to the conclusions.

2 Related Work

The work described in this chapter relates to two main research areas: computer-
augmented surfaces for very young and special needs children and the evaluation of
interactive applications with children. The most relevant works in both areas are
summarized below.

2.1 New Technologies for Very Young and Special Needs
Children

In recent years, classrooms have been digitally augmented by replacing conven-
tional blackboards and tables with computer-augmented surfaces provided with
image projection and multitouch interaction. The educational community is taking a
special interest in creating pedagogical content for multitouch-based tables (or
tabletops) (Utani 2012). Many tabletop-based projects have focused on the new
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possibilities that multitouch active surfaces offer for co-located learning (Scott et al.
2003; Cappelletti et al. 2004; Morris et al. 2005). Nevertheless, some researchers
have claimed that many problems emerge when tabletop devices based on multi-
touch interaction are used by very young children on the grounds that their fine
motor skills are not sufficiently developed (Mansor et al. 2008; Harris et al. 2009).
Alternatives have appeared based on hybrid physical board games and computer-
augmented surfaces, keeping playing pieces in the players’ physical environment
(Mandryk and Maranan 2002; Heijboer and van den Hoven 2008), and thus rein-
forcing the emotional impact of the game (Magerkurth et al. 2005; Hengeveld et al.
2009). This way, traditional play activities and board games meet with video
games, combining the benefits of co-located gaming and face-to-face social rela-
tions (Iwata et al. 2010). The handling of conventional toys on an interactive
surface may also open new horizons in interaction design for children. Hendrix
et al. (2009) proposed the use of miniature construction toys on an interactive
surface to help shy children aged 9-10 to reinforce collaborative behaviour and the
sharing of ideas. Also, tangible educative materials such as cards have been used on
computer-augmented tabletop surfaces to reinforce the learning of reading skills
(Sluis et al. 2004) and maths (Khandelwal and Mazalek 2007) for 5-to-7-year-old
children. Expanding tabletop applications with Tangible Interaction can make
computers accessible to children with cerebral palsy (Li et al. 2008) and to children
with social disorders (Pipper et al. 2006; Battocchi et al. 2010; van Veen 2009).
These studies have provided promising results about the accessibility and benefits
of this technology. However, studies that combine tabletop devices and Tangible
Interaction applied to children with cognitive disabilities remain scarce and of a
preliminary nature (Hengeveld et al. 2009; Pontual Falcdo 2010).

In the light of the state of the art, it can be seen that there is a lack of works that
adapt tabletop devices to very young and special needs children using Tangible
Interaction with the aim of achieving the seamless integration of computers with
conventional physical games and activities.

2.2 Evaluating with Children

Young children are users of technology and are thus entitled to be involved in user-
centred design projects. However, many products for children are still analytically
evaluated only by adult experts (Buckleitner 1999), but it is not easy for an adult to
step into a child’s world, and therefore, expert evaluation can miss important
problems that could emerge when the final product is used by children (Druin and
Hanna 1999).

Well-known evaluation methods for adult users are also applied in evaluations
with children, but the special characteristics of the child’s development stage may
require substantial adaptations of these methods. Some such methods may even
need to be discarded when working for children belonging to specific age groups
(Rounding et al. 2013). It should be remembered that young children are less able to
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read, verbalize, concentrate and perform abstract logical thinking than adults
(Markopoulos and Bekker 2002). Their undeveloped ability for translating expe-
riences into verbal statements and for formulating compound and abstract tasks
could pose problems, as their abstract and logical thinking abilities are not yet fully
developed and they are not skilled in keeping multiple concepts simultaneously in
mind. Inquiry methods which rely on these skills are therefore not suitable for very
young children.

Observational methods seem to be the most appropriate for product evaluation
involving children, although some techniques of observational evaluation that work
with adults may not necessarily work with children. Hanna et al. (1997) suggest that
children’s frowns and yawns are more reliable indicators of lack of engagement
than their responses to questions. Read et al. (2002) propose that children’s
engagement could be measured by observing the occurrence of a set of behaviours
including smiles, laughing, signs of concentration, excitable bouncing and positive
vocalization, while lack of engagement could be measured through frowns, signs of
boredom (ear playing, fiddling), shrugs and negative verbalization. Formative
evaluation methods of children’s products must look not only for usability prob-
lems, but also for positive factors such as magic (Xu et al. 2009) and fun
(Pagulayan 2003; Sim et al. 2006). Usability and fun are closely linked. If the game
has a goal too easy to achieve, children might get bored; but if it is too difficult,
children may get frustrated. Usability and fun problems will occur during the test
and will influence each other, but after the test, it may be necessary to distinguish
between them as they may require different solutions.

In the case of children with cognitive disabilities, all the aforementioned prob-
lems become even more marked so that observational methods and expert evalu-
ation are the only possibilities (Lepisto and Ovaska 2004). But even these methods
should take into account such children’s difficulties in adapting themselves to a
testing environment, interacting with the facilitator, following some procedures and,
in general, contributing to the evaluation by reporting on their experiences.
Methods based on the structured analysis of video sequences captured during test
sessions may be carried out without requiring active participation in the evaluation
process, leaving the children to interact in a natural way (Van Kesteren et al. 2003).
These methods may be adapted to the consideration of usability issues such as fun
and user experience (Barendregt 2006) and accessibility matters that go beyond
hardware concerns, incorporating broader concepts such as children’s understand-
ing, digital feedback and adult support during the interaction (Hasselbring and
Glaser 2000).

In conclusion, the evaluation of applications with very young children still
remains an open question. In the case of testing with cognitive disabled children,
the difficulties and challenges markedly increase and require specific efforts and
studies.



22 E. Cerezo et al.

3 The “NIKVision” Tabletop

The NIKVision tabletop (Marco et al. 2009) uses well-known techniques for
multitouch active surfaces (Schoning et al. 2010), but its design is mainly focussed
on Tangible Interaction and therefore in the handling of physical objects on the
table surface. It is easily mountable and dismountable and, because it is oriented to
kindergarten children, robust and safe (Fig. 1).

Children use NIKVision by manipulating conventional toys on the surface
(Fig. 2a). A USB video camera is placed inside the table, capturing the surface from
below (Fig. 2b). Visual recognition software runs in a computer station (Fig. 2c)
which also handles the game software and the tabletop active image provided by a
video projector under the table (Fig. 2d) through a mirror inside the table (Fig. 2e).
The image output is also shown on a conventional computer monitor (Fig. 2f)

Fig. 1 NIKVision tabletop R —" a8 9
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Fig. 2 NIKVision sketched
components
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Fig. 3 Toys with printed
marker attached to base

adjacent to the table; this is a distinguishing factor of NIKVision. Visual recog-
nition and tracking of objects manipulated on the table is provided by the
reacTIVision framework (Kaltenbrunner and Bencina 2007). A printed marker
attached to the base gives each toy a digital “Name” (Fig. 3).

The Tangible Interaction is achieved by manipulating the toys on the table
surface. During play, children move the toys over the translucent surface of the
table, putting the base of the toys in contact with the table to enable the camera to
see the markers located under the base. The manipulations that visual recognition
software is able to track are:

e Movements over the surface: children can grab the toys and drag them over the
surface. The software tracks the position and velocity of the toy over the table.

e Rotate toy: the toys can be rotated on the surface, and so long as the base with
the marker remains on the table, the software can track their orientation. Thus,
toys that have a distinguishable front and back can be oriented by the child
during the game; e.g., a toy car is moved on the tabletop and a virtual 3D car on
the monitor will move in the same way as in the game.

Several games have been designed and developed for the NIKVision tabletop,
with the involvement of children (Marco et al. 2010a). In the next section, the
complete process of developing a game for NIKVision is presented. Children
involvement techniques, evaluation strategies and the difficulties encountered are
discussed.

4 Getting Down to Work: Developing a Farm Game
for Nikvision

The engineering life cycle adopted for developing NIKVision games (Marco et al.
2013a) starts out from the Mayhew (1999) usability life cycle. This cycle takes
users into account and reflects the iterative nature of the design of interactive
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Fig. 4 Usability engineering
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technologies. We have adapted the Mayhew engineering life cycle to reflect the
dual character of tangible interactive applications (Fig. 4), combining virtual and
physical design when working on ideation and during the prototyping of both
physical and logical aspects of the games.

During concept creation, designers need to create concepts according to the user
profile and considering the best combination of physical and virtual aspects. When
users are young children, the key at this stage is to possess knowledge of their
mental and psychomotor development, as well as to know their needs, desires and
expectations in relation to the kind of product designers are working on. Once the
concept is ideated, designers start working with developers. In tangible interfaces,
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implementation is not only software coding, but also physical building. Thus, the
prototype phase requires to implement gesture recognition to identify children’s
manipulations of objects and provide feedback through a graphic interface and
other virtual elements, such as a virtual agent in charge of providing guidance to
children through the game. Developed by successive iterations, the prototype
evolves into a product with all its functionalities implemented. During the func-
tional system stage, the product is iteratively refined and fixed in order to achieve an
error-free finished product ready to be commercialized or installed in its intended
environment. In our case, life cycle iterations are guided by fest sessions with the
involvement of children. This means that from the concept creation through to the
prototyping and functional system stages, the design of games for the NIKVision
tabletop involves children at every step. The following sections describe the various
stages and discuss the specific situations and methods used to capture and analyse
information from the test sessions during the design of a specific NIKVision game.

4.1 Concept Creation

At the beginning of the NIKVision project, the question to be answered was how
technologies based on tabletop and Tangible Interaction could be used in preschool
children’s education. In order to start researching this question, we first needed to
know our users, the children. Then, we had to originate new concepts of tangible
applications suitable for the NIKVision tabletop, adapting usual nursery and school
activities to the new interaction paradigm.

4.1.1 User Profile

When intending to create a new product for users with very particular characteristics,
such as 3-to-6-year-old children, it is important to have a detailed user profile in
relation to the benefits that the new product can offer them. As described by Piaget
(1952), children between 3 and 6 years are in the preoperational stage in which they
begin to develop the symbolic function (language, symbolic games, mental image,
imitations), while using manipulation and handling to build their mental image of the
world. Use of physical manipulation in children’s education has been seen as ben-
eficial by Montessori (1936) and Alibali and diRusso (1999) who came to the con-
clusion that children can solve problems better by handling materials than by using
pictures only. Chao et al. (1999) called this concept the “tool of mental sight”. The
physical nature of Tangible Technologies fits this user profile.

Inspiration to create new concepts in tabletop games can be derived from
observing children playing with non-technological and technological toys. First of
all, many non-computerized children’s toys are played on horizontal surfaces such
as a table or floor (Fig. 5). In fact, these are ‘“non-computer-enriched” tabletop
games.
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Fig. 5 a MB Lucky Ducks™, b Goula Domino™ and ¢ Playmobil™

On the other hand, nurseries and schools have computer stations among their
facilities and children use them to play multimedia games from the age of 3. The
observation of children playing computer games in their nurseries shows that they
usually play in little groups around the computer station. However, as there is only
one mouse and keyboard for one child to use, the others spend their time looking at
the back or touching the screen to encourage their friend to act. This is where
tabletop technologies overcome the limitations of keyboard and mouse, offering
children collaborative playing and social experiences.

4.1.2 Physical Versus Virtual

Tangible tabletop concept ideation should be based on an appropriate combination
of the “physical versus virtual” nature of tangible interfaces. In this way, designers
can start from a virtual concept (pre-existing multimedia game based on keyboard
or mouse) and enrich it with physical embodiment, or designers can start from a
purely physical game concept, and think about how computer augmentation could
enrich it with virtual environments. When creating NIKVision, the designers
observed in nurseries how children love to play with wooden farm toys (Fig. 6a). A
tabletop game concept was thus created based on a virtual farm, where the animals

Fig. 6 a “Le Toy Van”™ wooden farm toy and b tabletop concept for farm game
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were physical toys interacting with each other and with virtual elements in a 3D
farm scene (Fig. 6b).

During the concept creation stage, children act as informants for designers.
Adults can ask their opinions about the toys and games they like most and assess
their potential expectations (Scaife and Rogers 1999). Even if their verbal skills are
not sufficiently developed, designers can retrieve a lot of useful information by
observing them playing. Although this is not a development stage, sometimes
implementing a very simple initial prototype might help to obtain more information
from the children about the ideas designers are working on. In the above-mentioned
tabletop farm concept, a very simple conceptual farm game prototype was imple-
mented. Children could play by placing rubber animal toys on the tabletop surface,
and virtual animals appeared on a 3D farm on the monitor. No further interaction
was implemented. A pair of children participated in some tests relating to this
ideation. Their reactions were observed while they played. While child and parent
were playing together, their conversations provided valuable subjective reporting of
the child’s impressions of the concept, and this was the base for developing a
prototype of a more interactive farm game.

4.2 Prototype

At the end of the concept creation, designers need to draw up the specification of
the concept game so that developers can start coding. At this point, it is important to
mitigate the risk of spending too much time and effort on developing design
decisions that might prove to be unviable in later user evaluations. This is why test
sessions must be planned with very early prototype designs. However, prototyping
with physical interaction (such as tabletop interaction) implies prototyping the
graphical interface (images, animations, sounds, feedback, etc.) in a similar way to
any conventional game, but also gesture recognition for physical interactions must
be prototyped and the guidelines to be given by the virfual agent must be specified.

4.2.1 Gesture Prototyping

Algorithms to robustly detect user gestures and manipulations on the tabletop are
hard to code, and at this stage, designers do not yet know if their decisions will be
wasted after being tested by users. In prototyping, it is common to ask the user to
“figure” or “imagine” that some system functionalities are working; but this is not a
good idea with children (Sluis-Thiescheffer et al. 2007). It is important to remember
that children are not really “testing” our prototypes; they are in fact playing, and
they will only do so for fun. In this situation, a Wizard of Oz (HOysniemi et al.
2004) method would enable a prototype with simulated functionalities to be
developed while children remain unaware of the fact.
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Fig. 7 Farm game in NIKVision tabletop

In the tabletop farm concept, the “Wizard of Oz” approach was adopted to
capture how children would naturally manipulate the toys to interact with the virtual
elements of the game.

The farm game prototype consisted of a virtual 3D farm to be shown on the
monitor and a 2D yard to be shown on the table surface. A set of virtual objects was
placed in the 3D virtual farm scene and in the 2D table surface yard: plants, animal
feeders, a nest, a barn, a bucket, etc. and a virtual farmer character that collected the
objects gathered by the animals (Fig. 7).

By using a keyboard placed beside the NIKVision table, adult evaluators were
able to change the state and appearance of these objects: to pick a strawberry, lay
eggs in the nest, give milk, eat, give wool, etc.

A test session was planned in a school with 4-to-5-year-old children who were
brought into play in pairs with the farm prototype. Three pair of children partici-
pated in the session. They were asked to feed the animals with strawberries
(Fig. 8a), to use the toy hen to lay eggs (Fig. 8b), or to give milk or wool with the
cow and sheep, respectively, but it was not known how the children would phys-
ically perform each action. Their gestures with the toys were observed by an adult
designer who played the role of “Wizard of Oz”, triggering the game events using a
keyboard beside the tabletop (Fig. 9). In this way, the children were really receiving
feedback from the game that motivated and encouraged them to continue playing.
By observing how the children manipulated the toys to perform the game tasks,
valuable information was retrieved about how they performed actions while having
fun with the game.
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Fig. 9 Adult “Wizard of Oz”
observes children playing and
triggers game events with a
keyboard

The first couple of children started playing with the game without using the toys.
They touched with their fingers on the different areas of the tabletop surface.
Obviously, they understood the tabletop device as a tactile tablet device. We needed
to explain them that the game has to be played handling the toys on the table
surface. After that, they stated to manipulate the toys, but they played in turns; i.e.,
they did not tried to play with two toys at the same time. First, they tried to feed the
animals with strawberries. They used a tilt gesture to lower the toy head until it
touched the table surface, simulating the toy was eating the virtual strawberry.
Then, they handled the hen on the nest. To simulate the hen putting eggs, they
slowly jumped up and down the toy on the nest.

The second couple understood the game as a competition. They simultaneously
handled and moved the toys on the surface with lots of energy. They used a very
quick “shake” gesture to pick up the hidden strawberries from the plants. Once the
strawberries task was completed, they stopped competing and carried out the other
tasks in turns. They also used a jump gesture to put eggs with the hen, but they
perform it more strongly compared to the previous couple.

The third couple took different roles to play the game; one handled the toys, and
the other helped her partner by pointing on the table surface where she should place
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the toys. This child also simulate the toys were eating the strawberries by tilting the
toys on the table surface, and they also used the jump gesture to put eggs with the
hen.

After the session, we coded these gestures to be recognized by the NIKVision
software, and they proved to be very viable actions in later test sessions. However,
not all the actions proposed by the children were finally used. For example, the tilt
gesture used to “feed the animals™ task could not be implemented because the
system cannot technically detect this gesture and consequently the feed gesture was
discarded from the game.

Thanks to this Wizard of Oz approach, the children were again playing the role
of informants in the design process of the tabletop game.

4.2.2 Guiding Agent

The developers implemented algorithms to automatically recognize the shake and
jump gestures. After this implementation, the farm game was composed of three
activities:

e Collecting strawberries: triggered with any animal using the shake gesture.
e Laying eggs: triggered with the hen using the jump gesture.
e Giving milk: triggered with the cow using the jump gesture.

The next step was to evaluate the activities with children. At the time, an adult
assistant was in charge of asking the children to trigger the activities. However, our
aim was to have an autonomous game without adult human intervention. Thus, this
was the moment to develop the role of the farmer in order to turn him into an
autonomous talking agent, able to perform the task of asking and guiding the
children to carry out all the activities. The question that emerged at this point was
“how detailed should the farmer’s instructions be?”

To involve the children in this decision, we developed three different behaviours
for the autonomous agent:

e “What to do”: the farmer only gives the instruction of what to do (to find
strawberries, to lay eggs, to give milk, to give wool).

e “What and where”: the farmer also specifies where the toy has to be manipulated
(on the plants, nest, bucket, barber’s chair), using verbal instructions and
moving near the object in the virtual scene.

e “What, where, who, and how”: the farmer specifies what to do, with what
animal, where and how to do the manipulation (shake, jump, etc.).

In the next school test session, the children played the farm game in pairs. Each pair
played with only one of the three roles of the farmer. During a full-day test session
in the school, seven pairs of children tested the game, so each version was tested at
least twice. The trials were video recorded. Also, observation notes were taken
down during the trials in order to assist designers in matching the videos and the
times.
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It was observed that all the children completed all the activities from the
beginning to the end in the order of the three farmer roles described above. First, the
children listened to the farmer’s instructions and then tried to achieve that goal only
(although the game still enabled them to do all the tasks in any order independently
of what the farmer was asking for). Only a few children needed help with some
tasks using behaviour “What to do” as they did not always know how to complete
the task after hearing the instructions. Nevertheless, all the children were able to
complete the task with behaviours “what and where” and “what, where, who, and
how” without adult intervention. In conclusion, it was found that the “what and
where” behaviour retained some exploration and challenge in the game without
increasing its difficulty, and this was the behaviour finally implemented for the
autonomous agent figure represented by the farmer.

Next, another design question about the farmer emerged: which were the most
appropriate verbal expressions to be used? In which situations in the game should
the farmer help?

Again, the children were involved in these decisions as informants, adopting a
“peer tutoring” (Hoysniemi et al. 2003) approach. In a test session held in a school,
designers worked with a class of 4-to-5-year-old children, taking them in groups of
three but letting one of them learn how to play before the other two. It was
explained to the first child that later he/she would help other children to play the
game. The child was given a farmer’s hat to encourage him/her in the role of the
farmer (Fig. 10).

The sessions were video recorded and later analysed in order to design the verbal
expressions to be used by the virtual farmer and to see at which points help was
required. New expressions and terms emerged from this session that were different

Fig. 10 Farmer child guiding
his friends in the farm game
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from those used by the adult designers; e.g., the children described the “jump”
gesture using the verb “stomp”, and this was the term finally verbalized by the
autonomous virtual farmer.

4.3 Functional System and Final Evaluation

The iterative nature of the prototype stage helped us to take all the design decisions
needed to complete the farm game as a totally functional product to be used as a
ludic activity. The work in this stage focussed on achieving a complete product,
aimed to be used in early-year education environments and to provide fun and
playful physical and co-located activities for young children. It was decided to
integrate the collecting strawberries, eggs and milk activities in a game with one
objective: to help the farmer to find the ingredients needed to make a cake.

The fully functional game prototype was evaluated in nurseries and schools. The
evaluation was aimed at collecting a wide range of summative data from the tan-
gible game, focusing on the following usability issues:

e Those related with a video game application: game task completion, paying
special attention to the influence of the autonomous character.

e Those related with the tabletop tangible device: promotion of physical activity
through toy manipulation, and co-located gaming through groups of children
actively playing with the game.

e Those related with user experience: engagement of children in a playful and fun
activity.

Next, the tools used to evaluate the functional game are described, and the sum-
mative analysis of the recovered data is presented.

4.3.1 Evaluation Tools

The plan for the final evaluation was to install the tabletop and the farm game in
nurseries and schools to recover data relating to their use by children, minimizing
the adult evaluator’s intervention. In order to do this, evaluation methods based on
usability testing were used with children involved as mere users, playing freely with
the game. Data were retrieved from video recording and automatic log files.
Summative data were extracted by software tools that analysed all the log files and
gave statistical measures of:

e Task completion: percentage of tasks completed related to the total number of
trials of the tasks.

e Influence of the autonomous character: percentage of tasks completed in the
order given by the farmer character compared to the total number of tasks
completed; and percentage of tasks in which children gave greater quantities of
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the ingredients (eggs or milk) than the amount requested by the farmer com-
pared to the total number of tasks completed.

e Physical activity and co-located gaming: measured by the number of manipu-
lations and different toys used on the table during a time unit and graphically
represented during the time of the trial.

To capture the degree of fun and the children’s engagement, the sessions were video
recorded by two cameras. One camera was placed under the monitor to capture the
children’s faces. This video stream allows the children’s gestures and verbal
expressions while interacting with each other to be transcribed, as well as showing
to what degree the game caught the children’s attention. The other camera was
placed so as to capture all the area surrounding the tabletop. By placing the camera
high up on a tripod, a view of the tabletop surface and the children’s manipulations
on it can be captured. This video stream helps to identify usability problems during
the game (problems in carrying out a task, difficulties in performing the physical
gestures, etc.) that log analysis is not able to detect. The interaction between
children was also retrieved with the camera (to see if children played independently
or helped each other, or if some child stopped playing to watch his/her partner).

In the analysis phase, both video streams were synchronized together with a
graphical animated representation of the log file. The complete video-stream
composed of the three views (Fig. 11) was used to relate all game events to the
degree of fun and the engagement experienced by the groups of children during the
game.

4.3.2 Summative Analysis

The data of the final evaluation were retrieved from two sessions: one carried out in
a nursery with 3-to-4-year-old children and the other in a school classroom with
4-to-5-year-old children. The initial plan was to analyse both sessions together but,
even with this small age gap, there are significant differences in cognitive and motor
skills in children (Piaget 1936). Moreover, there were differences between the
nursery and school environments that may influence the results. In the nursery,

Fig. 11 Three video streams synchronized. a face camera, b tabletop camera and ¢ log video-
stream
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NIKVision was available simultaneously with the rest of the activities. Toddlers
came in groups of three to play freely with the game. However, in the school,
NIKVision was installed in the library, not in a classroom. Adult intervention was
not as minimized as in the nursery, since the teacher brought groups of two or three
children to play with the game and adult assistants introduced the game and
encouraged the children to start playing. It can be deduced that children in the
nursery did not feel that they were being tested and they played completely unin-
hibited, whereas in the school, the children had the feeling of being tested. They
were shy when entering the library and sometimes even asked for permission to
start playing. For this reason, the analysis is separated according to the origin of the
data: nursery or school.

The “Making a cake” game starts with the farmer asking the animals to help him
to make a birthday cake. For this purpose, he first asks for 5 strawberries which
appear randomly within the plants: the children can use any animal toy to pick
strawberries. Then, the farmer asks for 4 eggs, which can only be provided by the
hen toy. Finally, the farmer asks for milk, which is obtained by jumping the cow
four times on the bucket. When one of these tasks is completed, the farmer
announces that he does not need more and asks for the next ingredient. In any case,
the children can continue laying eggs and giving milk if they want to.

Ten trials of the “Making a cake” game were obtained from the nursery session
and twenty from the school.

In the school test, nearly all groups finished all the game goals (98 %), in
contrast with the nursery where most of the children did not finish the tasks (only
36 % finished the tasks). The video analysis of the nursery data showed that
carrying out the tasks did not seem too challenging for the toddlers. They were able
to shake the bushes and to stomp with the cow and the hen to give milk and eggs
without any difficulty. But their motivation was merely exploration, so they did not
worry about the amount of strawberries, eggs and milk needed to complete the task.
The toddlers explored the yard freely, not paying attention to the farmer’s verbal
instructions. Indeed, the chaotic and noisy environment of the nursery did not help
the farmer to be heard. This is confirmed by analysing the order in which the tasks
were carried out: while in the school, most of the children carried out the tasks in
the order asked by the farmer (65 %), hardly any trials in the nursery were carried
out following the farmer’s instructions (10 %). Also, in most of the nursery trials,
the toddlers laid more eggs and gave more milk than the amounts asked for by the
farmer (75 %). Therefore, it can be concluded that the farmer had almost no
influence during the nursery test. In contrast, in the quiet environment of the school
library, the farmer was easily heard and the children played mostly following the
order proposed by the farmer. However, the school measurements show that nearly
half of the groups that had already finished the eggs and milk tasks continued
repeating them as if there were no limit to the eggs and milk they could produce,
indicating that the children in the school wished to carry out the activities beyond
the farmer’s commands.

Regarding the game performance in promoting physical and co-located gaming,
Fig. 12 shows the graphs of the evolution of these measurements during a trial of
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Fig. 12 “Making a cake” game: physical and co-located gaming

the game comparing the nursery and school sessions. As each trial game has a
different time length, all the game trials were divided into 30 time segments to
obtain the statistics.

The school trials show active physical and co-located gaming during the first
two-thirds of the game (until the red line in the graphs), decreasing to the end of the
trial. The school trial was more task driven, and it can be seen that the strawberry
task (the first task requested by the farmer) engaged the children in a more intense
physical and co-located activity than the eggs and milk tasks which can only be
carried out by one toy (hen and cow, respectively). This was confirmed by the
video streams, where more than one child could be seen trying to find strawberries
on the bushes at the beginning of the game but, when the strawberries task had
finished, only one child carried out the eggs and milk tasks, while the other partners
looked away. In contrast, in the nursery, physical and co-located gaming mea-
surements show almost the opposite results: these rates increased continuously
during the trials and were higher than in the school. Looking at the videos, it can be
observed that the toddlers were rather shy at the beginning of the game, not
knowing how to play. But they soon discovered how to interact with the yard
elements, and physical and co-located gaming increased to a maximum until the
end of the game, even with one child manipulating two toys at the same time.

The degree of fun and the engagement of the children in the game were extracted
from the video streams. The children’s attention was attracted to the monitor most
of the time. Laughs and expressions of fun were always related with 3D animations
and sounds. The children only looked at image projections on the table surface
during very short periods of time when they needed to locate the strawberries in the
plants and the nest and bucket. But once they had placed the toy on the spot, they
performed the gesture looking at the monitor and laughed when the strawberries
were dropped, the eggs were laid and the milk filled the bucket (Fig. 13).

This evaluation shows results relating not only to the impact on usability of a
guiding autonomous agent, but also to the influence that the design of tangible
tabletop activities and toy roles have in promoting physical and co-located gaming
in young children.
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Fig. 13 Four-year-old girls playing, a seriously manipulating toys on table surface, b having great
fun seeing animations on monitor

4.4 Discussion: Designing Tabletop Games for Young
Children

From the experience gained during the design process and the final evaluation of
the farm game developed for our tangible tabletop device, some lessons might be
extracted that could be useful for developing future tabletop games for very young
children.

e Analysis of the video recordings showed children expressed their sense of fun
and engagement in the game while looking at the virtual characters and ani-
mations running at the conventional monitor. This benefit should be exploited
with an appropriate distribution of visual feedback between monitor and
tabletop projection. While the first should be responsible for engaging children
in the game, using attractive scenery, funny animations and autonomous char-
acters, the second should provide visual feedback about task completion and
guide children to locate the interactive spots where toys are to be manipulated.
As a consequence, children attention during the game is divided in two different
locations. Feedback events should be wisely distributed in different moments,
providing children with guidance on the tabletop surface while carrying on the
task and, once the task has been completed, rewarding them with funny ani-
mations on the conventional monitor.

e The inclusion of a virtual character and its role in the game must be carefully
considered depending on the game objectives. In games where children need to
perform all the tasks so that pedagogical content is transmitted, the use of an
autonomous character to provide instructions and precise commands is essential.
In a task-driven approach with a guiding character imposing the order of task
completion, children gain a clear understanding of the objectives and end
conditions of each task. However, interaction with the game may become rigid,
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with less fun and fewer spontaneous moments. In contrast, a free game with no
autonomous character giving instructions may encourage greater exploratory
behaviour in children, enhancing physical and co-located gaming. The use of a
virtual character in this kind of scheme may still have benefits in engaging
children, if its behaviour is oriented to informing children of their progress
through positive and negative feedback.

e Guidelines extracted from previous literature about video games and children
(Malone 1984) may be useful, but designers should consider new methods of
TUI interaction closer to non-digital toys and gaming. In other words, the
potential of a tangible tabletop to promote physical playing is better exploited
when the classical video game model (with tasks and objectives to be sequen-
tially achieved) is avoided, and children are left to freely explore and discover
how to activate sound and animations. In such a scheme, a guiding virtual
character could help to engage children in the exploration of the game.

e A tabletop device which supports co-located gaming does not in itself produce
such gaming. The design of the game tasks is decisive for engaging groups of
children to actively play with the toys. By giving balanced roles to each toy
throughout the game, children can take any toy at any moment and start
exploring its interactions in the virtual environment of the game, and thus, co-
located gaming is encouraged.

e Psychomotor and cognitive development of children should always be consid-
ered when designing any game task: for example, when children are asked to
shake or stomp with the toys, will they all perform the gesture in the same way?
Observation of children playing with the games helps to solve these kinds of
questions, and with an iterative design process, the game can be refined and
adapted to children’s capabilities.

There are some important considerations that designers and developers interested in
receiving help from young children have to take into account during the process of
creating new technology applications:

e The most important decision is to define the role of the children in the project
from the beginning. Roles requiring a high degree of involvement, such as
design partners and informants, may be very useful for detecting children’s
needs and preferences, but they are not suitable for very young children whose
social and cognitive development is not sufficiently developed for a natural
relation with adult evaluators. Furthermore, these roles require more structured
evaluation sessions, which can compromise the value of the data obtained. In
fact, our experience during the evaluation sessions with very young children
shows that the more structured the session, the less useful the data obtained. One
possible explanation would be that the large number of instructions that have to
be given before they start reduced the children’s naturalness and spontaneity
when playing. An additional risk in this kind of structured session is that the
child may have the impression of being tested. In contrast, those sessions in
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which the game is just one more classroom activity among others provide more
reliable, honest and valuable data to evaluators. Additionally, the use of log files
and video streams allows the evaluation to be conducted in an objective and
exhaustive manner.

e As regards the most appropriate places to carry out the evaluation sessions,
nurseries and schools are very versatile environments for developing projects
involving adult designers and children. Toddlers have difficulties in adapting to
new environments and new people. Therefore, children may have unpredictable
reactions in laboratory test sessions, added to which it is difficult to arrange
frequent visits to the laboratory and usually only small groups of children can
enter the laboratory at a time. On the other hand, many teachers are willing to
collaborate with researchers by offering their classrooms and time provided, of
course, that all ethical questions about testing with children have been carefully
considered and permission from parents has been granted. For designers,
classrooms provide a sufficient number of users for formative and summative
evaluation, as well as being a favourable environment for inspiration and cre-
ativity. To conclude, the most important thing to consider when planning a test
session is that children are using the product just for fun.

5 Tangible Tabletops for All? Evaluating the Farm Game
with Children with Special Needs

The principles of universal accessibility have made possible a great advance in the
application of digital technologies to the learning of disabled children. In the case of
physical disabilities, accessibility is achieved with specific hardware and software
to allow access to digital contents. In the case of children with cognitive disabilities,
accessibility problems come from the difficulty of understanding the information
given by the computer application.

Thanks to a collaboration project with a special education school, we were given
the opportunity to test the NIKVision tabletop and games with children with
cognitive disabilities (Marco et al. 2013b). As stated in the introduction, studies
focusing on Tangible Interaction applied to children with cognitive disabilities are
still very scarce. The aim of our tests was to investigate the suitability of our
tangible tabletop for this kind of child. Would they understand how to play? What
should be the role of the virtual character? What role should the teacher assume
during the game? In fact, studies carried out to analyse the use of computers in
classrooms with cognitively disadvantaged children have shown a strong depen-
dence on teacher intervention (Bunninga et al. 2010). Studying these issues in depth
required a more meticulous video analysis of the data retrieved during the test
session, as explained in the following sections.
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5.1 Testing Sessions and First Results

The test sessions took place in one of the school classrooms with the participation
of three pairs:

e Pair 1: one multidisabled boy aged 8 and a girl aged 6 with West syndrome.
e Pair 2: two boys aged 9 and 11 with Down syndrome.
e Pair 3: a boy aged 7 with attention deficit and a boy aged 8 with autism.

During the sessions, the pair of children, two school teachers and two evaluators
were present in the classroom. The game was briefly presented to the children, and
they were encouraged to play, but they were not told exactly how to do this. The
teachers only intervened when the children became blocked and did not know how
to advance the game. Each pair played twice so that every child could carry out all
the tasks (the laying eggs and giving milk tasks can only be done with one of the
animals), and therefore, six “Making a cake” games were played in total.

In this case, besides the video recordings and the logs, a usability test was
conducted by the evaluators with the aid of the teachers who answered at the end of
the test a simple questionnaire with opinions and suggestions about the performance
of the game. After the session, the video and log files were recovered and paired up
(Fig. 14). The log files were exported as video sequences and synchronized with the
recordings of the children playing. In this way, a complete reconstruction of every
game carried out in the classroom was achieved.

The first analyses were similar to those carried out in the regular school tests,
examining task completion, task order (an indicator of the impact of the virtual
farmer), physical activity (through the number of manipulations over time) and co-
located playing (through the number of toys manipulated).

As regards task completion, results are very similar to those obtained from the
previous school tests. The tasks were completed in all trials (100 %), the task order
followed the instructions given by the farmer in most trials (65 %), and nearly half
of the children continued the egg and milk tasks after completion. The explanation
may lie in the similarities of both environments: in both cases, the children had the
feeling of being tested which pushes them to follow instructions and complete the

Fig. 14 a Video sequence captured in the classroom and b graphical reconstruction from the log
file
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tasks. But the way this behaviour is achieved is quite different in both environ-
ments. In the regular school, the farmer’s instructions are sufficient to ensure task
completion and task order. In the case of the special education school, the farmer’s
instructions are often not enough: many children have difficulties in paying atten-
tion to the farmer’s instruction even if they are periodically repeated. On many
occasions, it is necessary for the teacher to intervene to ensure that children con-
tinue with the task. In spite of the teacher’s interventions, there were some shifts in
the task order and some tasks were continued after having been completed. The
shift in order always occurred in the pair’s second game: thanks to the knowledge
gained during the first game, the children went directly to the tasks they liked most.

Besides comments referring to the farmer’s role, the questionnaire filled out by
the teachers revealed a new problem. The children did not really know whether they
had completed a task or not, because they did not know how many eggs or how
much milk was needed. This explains why they so frequently persisted with the
tasks. Therefore, more attention should be paid by game developers to ensure
children understand the game. Appropriate feedback should be added to motivate
children to continue, rewarding them when the task is finished. In fact, educators
suggested using the virtual farmer to reinforce positive feedback by means of
laughs, applause, dancing, etc. and not only by spoken words.

As regards physical activity and co-located playing (Fig. 15), the analysis shows
results very similar to those obtained in the nursery tests. Physical activity shows an
ascending tendency during the game. Again, at the beginning, children behaved
very shyly and appeared reluctant to play. The teachers’ motivation and explana-
tions encouraged the children to start playing. Co-located playing also shows very
high ratios, with all the toys being used all the time. Analysing the videos, it was
realized that the children loved to have all the toys on the table and while one child
was carrying out the task, the other took advantage to explore the environment with
the other toys. In the second game of the same pair, the roles were reversed, and the
tasks were then performed by the child who had devoted the previous game to
exploring. Therefore, it can be concluded that special needs children like to actively
explore the farm with the toys, similar to toddlers in the nursery environment, but
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they still need the support of educators to begin playing and to continue moving the
game forward.

From these results, it was clear to teachers and evaluators that the children’s
comprehension of the game needed to be studied in more detail. The impact and
usefulness of feedback in the application and educators’ interventions during the
test sessions also required further examination. A more detailed video analysis of
the games was therefore carried out, as explained in the following section.

5.2 Detailed Video Analysis

To perform a more detailed analysis, the DEVAN (DEtailed Video ANalysis)
method proposed by Vermeeren et al. (2002) was chosen and adapted. The DEVAN
method is based on the structured analysis of video material captured during user
tests and was developed to detect usability problems in task-based products for
adults. When used for evaluation with children, this method can be adjusted for the
detection of usability and fun problems (Barendregt 2006) in computer games. It is
a very time-consuming method: the interaction is analysed in detail to locate events
that indicate an occurrence of a problem, i.e. the evaluators have to detect and code
the behaviours that may indicate a problem, which are called “breakdown indica-
tions”. The breakdown indications have to be grouped into problems, as there can
be multiple indicators for the occurrence of one problem. The result of this stage of
the analysis is a list of pairs of time stamps and behavioural categories.

In our case, the aim of the video analysis was to relate the usability breakdowns
found during the sessions with the children’s comprehension problems and their
relationship with game feedback and adult interventions. A graphic dictionary of
indicators (Table 1) was drawn up. The indicators were grouped in two categories:

e Child behaviour indicators that mark game moments in which the child’s
action is correct (allowing moving forward to task achievement), incorrect (the
child shows the intention of achieving the task, but the action performed is not
correct), exploratory (the child does not show any intention of completing the
task but has a good time exploring the virtual farm scenario) and system problem
(the action is correct but the system misses it).

e Feedback indicators that mark those game moments when information is given
to the child through the virtual farmer (asking the child to complete a task and
giving instructions on how to do it), through graphics and animations visu-
alized in the farm scenery that indicate the degree of task achievement (egg laid,
bucket filled, etc.) and through teacher intervention at those moments when the
child becomes blocked and is not able to continue with the task.

The indicator icons are used to label, by means of a video editing tool, those
moments when the evaluator observes the appearance of one of the events defined
in the dictionary (Fig. 16).
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Table 1 Dictionary of indicators used to label the test session video recordings

Child behaviour

L]
Correct Incorrect Exploratory | Correct action but system
problem

Feedback

i

L4

Verbal indications given by Visual Adult intervention
virtual farmer feedback

he sees the eg;

o
-]

they didn't realize the end of the strawberries's task

Fig. 16 Different labels on video streams, a a child discovers how to lay eggs while exploring the
game, b a child tries to collect strawberries when the task has already ended and ¢ a child is
making a jump gesture which the system does not recognize

After the labelling process, each game is graphically shown as a timeline where
the children’s actions are related to feedback events (Figs. 17 and 18). Each event is
depicted as a rectangle of the corresponding indicator colour and with a width
proportional to the duration of the event. These time graphs are of great help when
trying to correlate children’s behaviour with system or adult feedback. For example,
Fig. 17 shows a child carrying out a milk task. At the beginning, the farmer gives
instructions about how to perform the task (Fig. 17a). The child tries it, but he has
not really understood the farmer’s instruction and makes the wrong action.
Afterwards, an adult intervenes, and consequently, the child succeeds (Fig. 17b) in
partly filling the bucket with milk. Nevertheless, the child has not fully understood
the task and keeps repeating it incorrectly in spite of the adult’s interventions
(Fig. 17¢). Finally, there is a longer teacher intervention explaining how to perform
the task (Fig. 17d), and the child correctly completes it, completely filling the
bucket.

In the laying eggs task, the same child shows a very different behaviour (see
Fig. 18). The timeline shows that the child has definitely understood the task: after
listening to the farmer’s instructions, he lays an egg correctly (Fig. 18a).
Subsequently, his actions are exploratory and he has fun playing with another toy
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Fig. 17 “Giving milk” task timeline
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Fig. 18 “Laying eggs” task timeline

without realizing that he has to lay three more eggs to successfully complete the
task. Meanwhile, the farmer keeps telling him to finish the task (Fig. 18b), and
finally, the child realizes and correctly lays the rest of the eggs (Fig. 18c).

The results from the video analysis show the intrinsic difficulty of designing
computer feedback for children with cognitive disabilities. Figures 17 and 18 reflect
two very similar game activities carried out by the same child, resulting in very
different adult interventions and child understanding.

These tests have highlighted important issues to be taken into account in our
future work, as discussed in the next section.

5.3 Discussion: Designing Tabletop Games for All

The evaluation of the farm game in the special education school has resulted in
some findings similar to those found in the school and nursery environments:
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children have fun playing with the tabletop and have no problems in interacting
with it. However, specific issues have arisen related to the autonomy of children in
special education environments:

e In these environments, children’s activities strongly depend on teacher support.
Virtual characters, which can be very effective in regular educational environments,
should not be developed as a substitute for motivating and guiding role of teachers.
This has to be taken into account not only when developing the game but also when
assessing it. Evaluations in nurseries and schools have to be planned minimizing
adult intervention in order to observe children’s natural interaction. In a special
education classroom, however, educators should have an important role in
encouraging and helping children during the test and supporting evaluators with
their perceptions and opinions about the performance of the technology after the test.

e Virtual characters may have an important role giving positive and negative
feedback to children’s actions and rewarding the children after fulfilling the
tasks. Feedback should be emotional: that is, appearing sad for negative feed-
back, and laughing and dancing for positive feedback.

6 Conclusions

The feasibility and impact of developing digital technologies based on Tangible
Interaction for young children and those with special needs have been shown. In
particular, our NIKVision system with its combination of tabletop and manipulative
toys has considerable potential for collaborative computer gaming. During the
testing of the games, children played together and engaged in a high degree of
physical activity, thus overcoming one of the most controversial aspects of com-
puter video games (i.e. lack of social and physical activity).

Child-centred design methods have to be used to capture usability and user-
experience data from children playing with the game prototypes. The methods used
during each test session must be selected according to the kind of data to be
captured. However, due to their young age, methods based on children’s expres-
sions or verbalizations of their thoughts should be avoided. Instead, usability testing
methods are a good option, for example observation notes, automatic logging and
video recording. These methods have proved to be very useful for comparing
different versions of our prototype and have been combined with other methods of
child involvement such as Wizard of Oz techniques in order to capture their natural
gestures for implementation in the game.
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