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Abstract—The goal of this article is to provide insight into the design, devel-
opment and evaluation of a game-based language assessment tool for tablets. The
overall objective was to create a mobile application for practitioners in kinder-
garten, enabling these practitioners to gather relevant language data from children
aged three to five. An automated analysis of the data provides information about
the child’s language skills. If a need for support in language development can be
found in the data, the application offers further possibilities how stakeholders can
support a children’s learning process for the specific field of language. The main
criteria for a successful development were the effective collection of relevant
data, high usability for practitioners and appropriate usage of a game-based mo-
bile application for young children.

Keywords—Mobile tool, game-based assessment, language development, eye-
tracking, tablet

1 Introduction

Approximately one third of children enrolling in primary schools in Germany have
an migration background [1]. The presence of a migration background is often linked
to a language level which is less developed than the language level of same-aged chil-
dren of German origin. When children grow up with one language at home (e.g., Turk-
ish or Russian) and they get in contact with a second language in kindergarten, they are
thought to be less efficient in the second language they are learning. Research shows
that a correlation between language skills and the language spoken first cannot be made
that easily. “The quality, frequency and type of language used in the home” [2] are main
factors for the different development of language skills. If a child has a lot of experience
and skills in his or her primary language, the child is more likely to develop higher
skills in a second language [3]. Other important factors for the development of language
skills are maternal characteristics [4] and the language used in the pre-schools and kin-
dergartens the children are attending [5].

One of the main goals of the research project was the development of a spoken lan-
guage level assessment tool for pre-elementary school children, aged three to five. The
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instrument should be able to collect reliable language data from the target group. From
reliable data researchers can produce consistent, bias-free findings if the data is inter-
preted based on enough evidence and theoretical support. [6]. Regarding the developed
instrument, statements about the language skills of an assessed child can be made. On
the individual level, the tool can be used to identify educational needs of a child [7].

As a second goal, practitioners and parents are being provided with facilities, training
methods and concepts to foster the child’s further language development, based on the
results of the assessment. In this way, participating families and institution can directly
benefit from the use of the instrument [8]. The instrument is therefore designed to be
more than a mere tool to gather data, hence, creating value for all stakeholders.

On a systemic level, the tool can be used to find specific differences regarding mi-
gration background, gender or age. Reaching this third goal enables stakeholders to
develop systematic approaches to support groups of children with mutual development
needs.

To reach the above mentioned goals, the instrument has to fulfill a number of specific
requirements [9]. The collection of relevant data has to be parsimonious and the tool
has to be easy to use for practitioners. Relevant assessment data in the context of spoken
language assessment are statements made by the assessed user of a test instrument. To
be able to assess those statements in the most efficient way, they should be recorded.
The advantage of a recording over a live test is the fact that the data can be assessed by
more than one time or by more than one person [10]. The quality of recorded speech
data and language data in general is highly depended on the situation it is recorded in.
Evidence based interpretations of language skills are relying on data that is representing
real-life speech situations. The data has to be collected in situations which are as close
to real-life situations as possible, with the least artificial distortions or disturbance pos-
sible. The avoidance of interferences to the speech situation is of special importance to
the target group. Because the data is collected from young children, the natural speech
situation is especially susceptible to derangement.

The ease of use or usability of the tool is important to increase both the amount of
data gathered and the quality of the data. If the tool is easy to use, practitioners will use
it more often and therefor gather more data. Additionally, a tool that is easy to use
allows practitioners on concentrating on other important aspects, for example creating
a stimulating text surrounding. A proper test setup results in a higher quality of gathered
data.

Another important factor to reach the intended goals is the creation of an instrument
that is engaging and interesting for children. A test tool that is fun to use increases the
chances to create a natural speaking situation and support the gathering of reliable and
valid data. The creation of a child-friendly, fun instrument helps to gain attention for
the instrument and might reduce the need to advertise the instrument to stakeholders
such as daycare centers, kindergartens and pre-schools. As a result, the amount of data
that is available for analysis will increase.
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2 Design

The assessment of language skills, especially the ones of bilingual children, is a com-
plex task [11]. One of the main issues is “the lack of (culturally) appropriate instru-
ments” [12] that allow for the effective collection of reliable data. Given the goals,
requirements and the target group presented in the preceding paragraph, the design of
the instrument is based on reflections regarding a technology and game-based approach.
A combination of those two aspects covers the main challenges of the research project,
which made a team of professionals from the fields of linguistics, technology and edu-
cation necessary for conducting the project [13].

Modern mobile technology like smartphones or tablets can be used as low priced
recording tools that offer the recording quality necessary to create the language data for
evaluation [14]. Besides the high functionality as recording devices, an internet con-
nection makes it easy to collect the data, helping to prepare it for further analysis.

Additionally, an instrument that uses mobile technology is independent of a labora-
tory setting to gather data. This fact helps to work towards the goal of a test situation
placed in a natural speech environment.

From a research-economic and research-administration perspective, designing a dig-
ital instrument rather than a paper-based requires a higher investment at the start of the
project, for example the acquisition of equipment such as smartphones and tablets or
financing the coding of a digital instrument. In the long-run, those expenses can be
compensated, because the distribution of a digital instrument is very cost-efficient. In
addition, changing the instrument in the future does not require the printing and distri-
bution of new questionnaires or guidelines. While outdated versions of paper-based
instruments have to be thrown away, digital instruments can be brought to the newest
version by simply installing the updated version on any device in use.

While the technology based approach supports the goal to collect reliable spoken
language data of high quality, the game-based approach to the instrument helps to create
situations, in which this data is generated [15]. The target group of the research project,
children in kindergarten and pre-school aged 3-5, spends a considerable amount of their
time playing. Playing games and playful interactions with the environment are consid-
ered as of “vital importance for the healthy development of children” [16]. Because
playing is a natural action for children and part of their daily activities, the statements
made while playing can be considered as natural speech behavior or natural language
data.

Playing games as a resource of natural language and using technology to record lan-
guage can be combined in form of a video game. Being “interactive, simulated systems
that are rule based, responsive, challenging, cumulative and inviting” [17], games offer
a wide range of possibilities to create an assessment instrument for the language skills
of children [18]. Initiating situations in which language is used to let the player interact
with the game (and vice versa) captures the interactive and responsive characteristics
of'a game. Because the creator of the game is creating a simulated version of a situation,
the creator has full control of the situation, how a story is developing or which reactions
are caused by a specific action of the player. By designing a challenging and inviting
game, the concentration of a player can be focused on specific tasks as well as the skills
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needed to succeed. As an assessment tool, a game offers the opportunity to measure and
analyze those skills.

The instrument designed and developed for this project comprises of two applica-
tions working in conjunction with each other, combining the aspects of a mobile, game-
based instrument. The first application, called Wuschel App, is running on an iPad. Its
main function is the collection of speech data from a participating child by playing a
game. The second application is running on an iPhone or an iPod. The application is
used by a practitioner to navigate through the game. The application is called Practi-
tioners App. Although the instrument is presented in the form of a game, its main pur-
pose is the assessment of a child’s language skills and not entertainment. In the next
chapter, both applications and how they interact with each other is explained more spe-
cifically.

2.1  Game concept and graphics

The game is designed as an adventure game. It is set in a magical forest. The main
characters are Rita the Witch, Wuschel the Dog, Willy the Gnome and a mean dragon,
archenemy of Rita. Throughout the game it is the child’s task to protect Rita from the
Dragon and to help her get specific objects. Rita is characterized as clumsy and she
tends to lose important wizard items, for example her wand or her broom. The dog
Wauschel is presented as her closest friend. With the help of the child, Wuschel is able
to find the lost objects for Rita. Willy the Gnome is pranking Rita and Willy in a playful
way, hiding objects from them. The graphics and the style of the game can be described
as comic-like (see Figure 1). The drawing style of the characters and the setting is very
child-friendly. By using bright and colorful patterns, the atmosphere is cheerful and
stimulating. The game is constructed as a series of scenes, comparable to the pages of
a children’s book. In each scene, the child is presented with a specific task. After the
situation of a sequence gets resolved, the next sequence can be started.

Fig. 1. Wuschel App
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2.2 Tasks and controls

In most cases, the objective of a specific scene is to find an object on the screen, for
example the witch’s wand. The tasks are presented by Wuschel by asking for the ob-
jects: “It looks like Rita lost her wand. Can you tell me where the wand is please?” The
tasks are resolved when the player gives the right answer, for example: “The wand is
on the kitchen table”. If the right answer is given, Wuschel answers by saying in the
sense of “Oh, I see it, it is over there!”, walking to the objective and taking it. If the
players answer is incorrect or if it is unclear, Wuschel restates the initial question: “I’m
not quite sure what you mean, can you repeat that please? Where can I find the wand?”.
One of the key aspects of the game is the fact that it is not actually speech-controlled.
The scenes are pre-programmed and Wuschel will always find the objects at the end of
the scene.

Hence, the children are not playing the game alone but are being supervised by a
practitioner sitting in the background who is controlling the game with the Practi-
tioner’s App (see Figure 2). With the application a scene can be started, Wuschel’s
questions can be initialized and a scene can be finished. In this way, an adult keeps full
control of the game, adapting the speed to the skills of the child playing the game.
Because all the scenes are pre-scripted and Wuschel always finds the objectives or so-
lutions, the flow of the story is not getting disrupted, which is preventing frustration
and demotivation of the players.

ol Vodafone.de 3G 11:56 $ 49 % =

110da5bb-6916-4222-bd47-...

Klettre auf den Baum

Fig. 2. Practitioner's App
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In the current state of the game, two types of tasks are implemented. The type is the
localization of an object, for example the witch’s wand as described in the preceded
paragraph. The second type is the characterization of movement in form and direction.
For the second type of task the player has to either describe a movement that was pre-
sented on the screen (e.g., “Willy fell from the tree!) or formulate a movement as a
command for Wuschel (e.g., “You have to jump from stone to stone!”). The two types
of tasks have been chosen because they create language data for prepositions. For lin-
guist, those prepositions are of great significance, especially against the backdrop of
bilingual children. Bilingual children might tend to mix prepositions from different lan-
guages.

2.3 Data collection

In preparation for the assessment, a legal guardian of the tested child has to complete
an informed consent form, after being informed of the process of the assessment as
well. Additionally, the legal guardians are asked to provide demographic data of their
child (for example the age of the child and how long it has been speaking German).
Each of the questionnaires and the informed consent forms contain a unique QR-Code
and an 18-figure digital key. With the help of this key, consent form and personal data
can be linked after the anonymization the data. This allows for the deletion of data if
the legal guardians or the child decide to drop out of the research process at a later time
(compliance with EU GDPR).

With the QR-Code, the personal data can be linked to the records of the Wuschel
App. While the child is playing the game, the statements of the child are being recorded
on the iPad. Each statement is saved as a separate file. After the completion of the game,
the records are saved on a server, as soon as the iPad gets connected to a wireless net-
work. The records are automatically linked to the provided biographic data of the as-
sessed child via the digital key. In this way, the statements of a child can be matched
with the biographical data without having to use the real name of the child. The safety
and protection of the children’s biographical and speech data is of upmost importance
throughout the project.

2.4  Data preprocessing and analysis

After the recordings are saved on the server, instructed linguists transliterate the spo-
ken language data into written form. The transcribed data can automatically be analyzed
with linguist processing software that has been developed especially for this project. In
the future, suggestions for treatment options or teaching programs will be provided by
the application if practitioners want to receive them. In addition, automated transcrip-
tion of speech to text is currently in development.
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3 Usability of the Instrument

Usability is defined as the “extent to which a system, product or service can be used
by specified users to achieve specified goals with effectiveness, efficiency and satisfac-
tion in a specified context of use” (ISO 9241-11:2018). It is a “quality attribute that
assesses how easy user interfaces can be used” [19]. In the case of the developed in-
strument, the concept of usability has to be applied to a range of different aspects. (I)
From a technological perspective, the instrument has to be working as intended. Tech-
nological functionality consists of the ability to easily install the software on the neces-
sary hardware (iPad, iPod, iPhone) and to run it on those devices without crashes, in-
dependent of the version of the operating system. The usability is high, if the connection
between the Wuschel App and the Practitioners App is working as intended and the
data is successfully stored on the servers. (II) The operability of the Practitioners App
is another part of the usability of the instrument. Practitioners have to be able to control
the instrument from the application. The design of the application has to be clear and
simple. All buttons have to be self-explaining. This way, practitioners can control the
instrument independent of their ICT skills. The ease of use of the Practitioners App was
of special interest for the design and development of the instrument. The instrument
relies on practitioners being able to use the application to gather relevant data. (III) To
ensure a high usability of the instrument, the Wuschel App has to be engaging and
playful for the children. The development of a natural language situation is supported
by the creation of an interesting story and appealing characters. Statements made in
those situations are considered of more value by linguists, because they are closer to
real-life language situations. Additionally, the instrument should be fun to use for all
stakeholders.

The technical functionality of the instrument was tested before the other parts of the
usability were reviewed. The instrument was run on the largest possible number of dif-
ferent devices and devices combinations to ensure flawless interaction between the
Practitioners and the Wuschel App. The correct storing of language data on the servers
was tested in the same way.

The usability of the Wuschel App was analyzed in great detail through multiple sur-
veys. Initially, an eye-tracking survey was planned and conducted with children in a
kindergarten. In a second step, students took part in an eye-tracking survey and a think-
aloud study.

3.1 Increasing usability through game design

During the design of the game, the priority was on the assessment focus. To ensure
the gathering of relevant language data, the child has to have the impression of actually
controlling the game with his or her voice. Most children, even at a young age are fa-
miliar with the touch sensitive displays of smartphones and tablets. One of the biggest
challenges was to convince the children to use their voice and not their hands to control
and navigate through the game. This challenge was even bigger, because the game is
not controlled by the child at all but by a practitioner. Several design steps were imple-
mented to ensure the child would have the impression it would control the game with
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his or her voice. In the first scenes of the game, in which the characters are introduced,
the dog Wuschel shows the playing child how the interaction between the player and
the dog is working. The witch Rita is giving instructions to the dog with her voice and
Wauschel is following those instructions. Wuschel is underlining how he is reacting to
Rita’s spoken commands: “I am a good dog; I am always doing what I am told to do.”
As a second step, Wuschel is talking directly to child: “You should try it to. Tell me to
dance and I will dance!”. This is the first event in which the dog is directly responding
to a command of the child. To further deepen the child’s understanding of the control
it is having over the dog, the player has to help the dog to get from one side of a small
river to the other by jumping over from one stone to the other. At this event, Wuschel
is clarifying that he can only hear, but not see the child and that the child has to give
vocal commands. Wuschel is not reacting to gestures or interactions with the touch
screen.

Apart from the desired behavior of the player to use voice commands to control the
game, the assessed children were assumed to provide better data, if they would have
fun playing the game. This requires the creation of challenging, yet solvable tasks.
Willy the Gnome is used at different parts of the game to help the child understand what
the solution to a problem is or to point out the location of an item.

3.2 Usability testing of the wuschel app

A game on a mobile device can only be interesting and engaging, if the player can
see and understand everything that is happening on the screen. Hence, two eye-tracking
surveys were conducted to ensure a clear visualization of the delivered content of the
Wauschel App. Eye-tracking helps to understand at which part of a screen a person is
looking at a specific moment. Although focusing on a part of the screen and under-
standing what is happening on the screen is not the same thing, research suggests that
eye-tracking data can be used to make a connection between watching and compre-
hending [20, 21]. While conducting an eye-tracking survey, a special camera, the so-
called eye-tracker, is recording the eye movement of a user. With the help of specialized
software, the eye-movements of the user are synchronized to the events on a screen.
After the data collection, researchers are able to investigate on which parts of the screen
the user was looking at. In the next step, statements about the visibility of objects and
events on the screen can be made. The visibility of objects and events on the screen is
vital to the usability of the instrument. A child can only make statements about objects
and events in the game if it is able to see and recognize them. The eye-tracking studies
were therefor used to identify critical events in the game which would have to be im-
proved to increase the usability of the instrument.

The first eye-tracking study was conducted with five children in a kindergarten. The
test environment was very close to the environment in which the instrument will be
used in the future. A child is playing the game while a practitioner is controlling the
game from the distance. During the study, a researcher took the role of a practitioner.
A pre-school teacher was also present to make the child more comfortable. Soon after
the eye-tracking study started, problems with the eye-tracking hardware became obvi-
ous. The tablets on which the Wuschel App was running had to be mounted on a special
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mobile device stand so the eye-tracker could make reliable recordings. This setup,
which is normally used for mature participants of eye-tracking studies proved to be
inapt for the young participants. The angle and the distance between the eye-tracker and
the participant, the two most factors for reliable eye-tracking measurement, couldn’t be
held to the extent necessary. As a result, the collection of reliable eye-tracking data
wasn’t possible with children.

As an addition to the eye-tracking study at the kindergarten, a second eye-tracking
study was performed with 20 adult students between 22 and 30 years. Although students
are not the original target group of the instrument, eye-tracking could still be used to
identify critical events in the Wuschel App. In addition, a think aloud study was con-
ducted to gather information about the users impression of the Wuschel App. This in-
formation was used to identify weak points of the application which weren’t of visual
character.

The analysis of the eye-tracking data consists of an alignment between eye-tracking
data and important objects. If the user is asked for information about a certain object on
the screen, the focus of the user should be on that object shortly after the question is
asked. For example, if the user is asked to find the witch’s hat, the focal point should
be on the area of the screen, where the hat is shown. If the focal point is not on the part
of the screen where the hat is located, the user either can’t see the hat or the hat cannot
be identified as such.

During both the study with the children and the adult students all stationary objects
and most moving objects were identified and denoted in the proper way. This suggests
the assumption, that the visualization and the visibility of those objects was sufficient
and would guarantee a high usability of the Wuschel App. To increase the usability
further, the eye-tracking data of the objects which weren’t identified correctly were
observed in more detail. Two types of moving objects proved to cause difficulties for
the user. The first type of objects which were hard to identify were those falling from
the outside of the screen. The second type of objects were those which moved across
from on one side of the screen and disappeared on the other. In both cases, the eye-
tracking data showed the user was looking at the objects when the first part of the move-
ment (e.g., the entrance to the screen) already passed. It can be assumed that a longer
screen time, caused by a slower movement, would increase the chance of the user fo-
cusing on the object. As a result, the movement speed of these objects was decreased
in future versions of the application, further improving the usability of the whole in-
strument.

In the think-aloud study, the students described the overall design of the game as
interesting and child friendly. All the instructions given by the dog were described as
understandable, both in volume and presentation. The critical events identified with the
eye-tracking study came also up in the think aloud study. Some students said, the move-
ments were too fast and created a blur that made it hard to see and name the objects.
The length of the story was criticized by some of the participants. One run-through
takes around 30-40minutes, which was considered as to long for small children between
three and five years.

Parallel to the eye-tracking study and the think-aloud study, the instrument was
tested with 25 children in different pre-schools. The test was used to observe the overall
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interaction between the children and the game. The goal was to identify parts of the
game in which children might be afraid or bored. Additionally, tasks which are to dif-
ficult should be found.

Overall, the children played the game with great interest. They showed excitement,
moving close to the screen, paying close attention to the events, as well as expressing a
range of emotions from laughter and joy to tension, but no fear or boredom. Although
the run-through can be considered as long, no child decided to stop playing and every-
one completed the game. The different tests conducted to survey the Wuschel App sug-
gest that the usability of the application is very high. Weak points, such as the move-
ment speed of objects, could be identified and improved.

4 Discussion and Future Research Aspects

At the current state of the research process, the declared research goals have only
been reached partially. The design and development of a mobile, game-based instru-
ment, that is capable of collecting reliable data can be considered as completed. The
language data is reliably collected and of high quality. From a technological perspec-
tive, both applications are running without bugs and crashes. On the server-side, the
language data is automatically stored and connected to the anonymized demographic
data of the assessed children. Children’s joy in playing the game and interacting with
the characters on screen could be observed in the participating children.

Two main aspects will be in the focus of the future research process. In a first step,
the automated transcription of the spoken language data has to be refined. Right now,
training a transcription software to handle the data is one of the possible solutions for
this task. Only after a reliable and efficient method of turning the language into an an-
alyzable format is found, the linguist experts of the research group will be able to study
and interpret the data using quantitative and qualitative methods. Furthermore, addi-
tional tasks will be added to the Wuschel App. On a systemic level, the influence of
demographic variables on the development of spoken language skills can be explored.
With those findings, programs can be developed to foster the development of second
language children.

The second step of future research will be the provision of trainings, exercises and
reading material once a certain need for support can be identified for a child. Using the
existing system, feedback can anonymously be given to legal guardians and/or practi-
tioners in the institutions.

Right now, one of the most critical issues is the distribution of the instrument to
institutions for children aged three to five throughout Germany. Only if this distribution
can be assured, the database used for future analysis will be filled with sufficient data.
As of now, the applications are not publicly available. More important, most institutions
do not possess the tools (i.e., iPad, iPhone, iPad) to use the applications. One idea to
overcome those limitations is the creation of a mobile language lab. This lab consists
of a suitcase which equipped with the necessary tools to conduct the assessment: an
iPad/iPod which carry the language assessment instrument and the paper-based demo-
graphic questionnaire as well as information material and the informed consent form.
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Institutions and practitioners will be able to order the suitcase and conduct the assess-
ment after the shipping has arrived.

Once the limitations and future research goals have been tackled, the instrument of-
fers an innovative way of reliably collecting spoken language data from children aged
3-5. Due to the implemented option of getting feedback about the language develop-
ment of an assessed child, the instrument offers practical use for all stakeholders. In-
stead of being an instrument to collect data it can function as a tool to support children,
legal guardians and practitioners to help understand the language development of chil-
dren and furthermore foster their language learning progress.
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