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Abstract
Approximately 4–10% of the German population suffer from
developmental dyslexia, influencing children’s educational,
personal, and social development negatively. Digital inter-
ventions have shown great promise to additionally support
dyslexic children outside of school or learning therapy. We
present the results of a mobile serious game for German
dyslexic children to improve reading and spelling perfor-
mance with special emphasis on syllable stress awareness.
We evaluate player experience and investigate the rela-
tionship between real-life literacy skills and in-game data of
63 children who played the game at home for 9–10 weeks
within the scope of a randomized controlled field trial. Re-
sults indicate positive player experience and a completion
rate of 75% indicates the feasibility of unsupervised digi-
tal game-based interventions. Moreover, real-life reading
and spelling proficiencies correlated significantly with pro-
cessing times and scores measured in-game, providing first
evidence of the game’s validity.

CCS Concepts
•Applied computing → Computer games; Interactive
learning environments; •Human-centered computing →
Empirical studies in HCI;
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Introduction

Figure 1: Game 1 “Stress Pattern”.

Figure 2: Game 2 “Open and
Closed Syllables”.

Figure 3: Game 3 “Orthographic
Marker”.

Figure 4: Game 4 “Spelling”.

Dyslexia is one of the most frequent learning disorders,
affecting 4–10 % of the German population [27, 28]. The
learning disorder negatively affects educational, personal,
and social development of children [2, 8], thus appropriate
interventions are needed to prevent negative consequences
in the long run. Mobile and computer-based interventions
have shown great promise to support the acquisition of
reading and spelling for dyslexic primary school children
(e.g., [3, 6, 10, 19, 24, 37]). Game elements used in digital
interventions can explicitly address negative feelings such
as frustration, demotivation or boredom [9], and support
successful learning [5, 42].
Despite the importance of playful digital interventions to
deliver high player experience and to balance game play
with educational effectiveness and quality of learning [1, 4,
20, 34], these factors have not been studied systematically,
i.e. beyond short questionnaires or observations.

In this article, we propose a mobile serious game for Ger-
man dyslexic children called “Prosodiya”. We investigate
player experience as well as the validity of our pedagog-
ical approach based on the results of 63 primary school
children who played the game at home during a period of
9–10 weeks within the scope of a randomized controlled
field trial. Consequently, we specifically address i) if the pro-
posed game delivers high player experience, ii) if such play-
ful digital interventions are feasible for use at home, and iii)
whether we can find preliminary evidence of our pedagogi-
cal approach to improve reading and spelling by analyzing
in-game times and scores.

This article starts with an introduction to the game, followed
by the results and discussion of our study. We conclude
with an outlook to future data analyses and game develop-
ment.

The Game
Prosodiya [15] is a mobile serious game based on recent
empirical findings and evidence-based interventions (e.g.,
[17, 38]). Prosodiya differs from similar games in that it
trains syllable stress awareness, which highly correlates
with reading and spelling skills [39] and is impaired in dyslexic
children [11, 18, 25]. One explanation is thought to be
found in the association between stress and German or-
thographic markers. Vowel length markers, i.e. graphemes
marking long or short vowels, generally occur in stressed
syllables [41]. Mastering the complex orthographic rules to
mark long and short vowels is a major difficulty for German
children [22, 23].

The focus of Prosodiya is primarily on spelling acquisition
by training the awareness of linguistic features related to
syllable stress and linking these features to orthographic
regularities of German orthography. By shifting children’s
attention to relevant areas of words, Prosodiya aims to
clarify the association between syllable stress and ortho-
graphic marking, such as vowel or consonant doubling,
to learn how such syllables are spelled. Figure 1 – Fig-
ure 4 display the four games used in the intervention for
the word Katze (cat), whose short vowel is marked with the
graphemes tz. In the first game, children rebuild stress pat-
terns of words by dragging and dropping cartoon blobs onto
platforms, a big green blob for stressed and small yellow
blobs for unstressed syllables. The second game is a novel
variant of vowel length distinction tasks. Children addition-
ally need to decide whether the stressed syllable is open
(ends with a long vowel, big red blob with an open mouth)
or closed (vowel is closed by a consonant, big blue blob
with its mouth shut), see Figure 2. The recognition of ortho-
graphic markers, i.e. spelling of long and short vowels, is
the subject of the third game (Figure 3). In the fourth game
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(Figure 4), children finally spell words and thereby foster
their previously acquired knowledge.

Prosodiya’s overall narrative is about the deliverance of the
eponymous world from a mysterious fog that has arisen
(Figure 5). Little inhabitants called “Kugellichter” (spherical
lights), the game’s protagonists and pedagogical agents,
call for the children’s help. To redeem the inhabitants from
their sorrowful lives, only children, accompanied by the
Kugellichter, can disperse the suppressing fog by master-
ing linguistic challenges. Progressing through the course of
the game, parts of Prosodiya are saved, and new regions
await the children with challenges to be mastered.

Figure 5: In-game map of the
game. Glass blossoms are used as
level symbols.
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Figure 6: One week of the training
plan in the sticker book.

Evaluation
In this article, we evaluate the general validity and player
experience of Prosodiya. A detailed evaluation of individual
game elements is reported in [14].

Participants
In total, 137 German primary school children from second
to fourth grade (age range 7–10 yrs.) took part in a ran-
domized controlled field trial with a waiting control group
design. We recruited children with (suspected) dyslexia or
very low reading and/or spelling proficiencies. Additionally,
any interested second grader was encouraged to sign up to
participate in a chronological age-matched control group re-
garding literacy skills to further evaluate player experience.
Based on spelling and reading proficiency assessed in pre-
tests, we pseudo randomly assigned 69 children to the first
intervention group and 68 to the waiting control group.

In this article, we evaluate the data of the first intervention
group whose training ended in May 2018. Six children were
excluded from data analysis due to not finishing the inter-
vention or data loss. The remaining 63 children was com-
prised as follows: 23 second (m=13, f=10), 29 third (m=20,

f=9), and 11 fourth graders (m=8, f=3). As 13 children an-
swered a preliminary version of the questionnaire with-
out items of the Game Experience Questionnaire (GEQ),
respective subscales of game experience are evaluated
based on the results of 50 children (18 second [m=8, f=10],
23 third (m=15, f=8), and 9 fourth graders [m=7, f=2]).

Materials
Game and training plan. A version of the game – as
described above – with a mainly linear course of play was
used due to our research questions. Therefore, adaption
was limited to the number of level repetitions and word se-
lection. A training plan of 8 weeks in the form of a sticker
book with a set of 40 stickers was used to keep the chil-
dren on track. The sticker book depicted for each training
day and week the levels to be practiced, see Figure 6. Each
page corresponded to one training week and was in line
with the map used in the game (Figure 5). Due to school
holidays during training, we deployed more levels than dis-
played in the sticker book. We deployed in total 80 levels.
The training plan officially ended at level 66, labeling the
rest as bonus. To avoid binge-playing and loss of training
effect, content of a new training week was unlocked on
Monday mornings. During the intervention phase (9–10
weeks), children were given a tablet and were asked to play
the game at home 5 days per week, 20 minutes per day
following the training plan.

Reading, spelling, and syllable stress awareness. Read-
ing and spelling skills in pre- and post-tests were assessed
using standardized classroom tests of spelling [30, 31, 12],
reading speed [26] and individually administered standard-
ized tests of reading fluency [29]. Syllable stress awareness
was assessed using an individually administered paper ver-
sion of the game “Stress Pattern” (Figure 1).
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Player experience. Player experience was evaluated
based on a subset of a questionnaire of 69 questions.

First, we evaluated 19 questions from the Game Experi-
ence Questionnaire [16] (GEQ) using a 5-point word and
color coded rating scale (Figure 8). We refer to the 19 ques-
tions from the GEQ as the iGEQ+ that was composed of the
in-game GEQ (iGEQ) and 6 additional questions from the
GEQ’s core module. The GEQ is intended to measure the
subscales Positive affect, Competence, Sensory & imag-
inative immersion,Challenge, Flow, Negative affect, and
Tension/Annoyance, see Table 2.
The iGEQ+ adds one additional item to all subscales except
flow. The items as well as Cronbach’s alpha for the sub-
scales of the iGEQ and iGEQ+ are shown in Table 2. Due
to an increase in Cronbach’s alpha, we kept the additional
item for all subscales except Negative affect, which resulted
in a severe decrease of Cronbach’s alpha.

In addition to the iGEQ+, we evaluated 12 self-constructed
questions covering the children’s Overall impression of the
game and the subscales Usability, Self-efficacy, Intention to
use, Likelihood to recommend, and whether Prosodiya feels
more like homework or like a game, see Table 1. Likelihood
to recommend is inspired by the net promoter score by [36],
which is one of the simplest loyalty measures.
We used either a 5-point Smileyometer [35] (Figure 7), a
bipolar rating scale, or the same scale used for the iGEQ+.

Overall Impression

• How much did you like Prosodiya?

Usability

• Did you quickly understand how to play the
game?

• Do you think the game is easy to use?
• Did you always know what to do while playing?
• In the different exercises, was it always clear to

you what you had to do?

Self-efficacy

• How much did you learn in this game with
regard to reading and spelling?

• Did the game help you to learn to read?
• Did the game help you to learn to spell?
• Did the training increase your confidence in

German classes?
• How often do you think about the things that

you learned in the game when you don’t know
how to spell a word?

Intention to use

• Would you like to continue playing with
Prosodiya?

Likelihood to recommend

• Would you go tell a friend Prosodiya is a good
game?

Game or homework

• Do you think Prosodiya is more like homework
or more like a game?

Table 1: Questions for additional
subscales of player experience.

items
iGEQ

item+ αiGEQ αiGEQ+ α∗

Positive affect [1,14] 4 .76 .79 .80
Competence [17,2] 15 .62 .66 .83
Immersion [3,27] 12 .75 .82 .81
Challenge [26,3] 1 .70 .74 .74
Negative affect [16,9] 7 .50 .25 .71
Tension/Annoyance [29,24] 2 .65 .79 .82

Table 2: Cronbach’s alpha of the
items used from the iGEQ (αiGEQ)
and iGEQ+(αiGEQ+). Item number
refers to an item’s number in the
core GEQ [12].

Procedure
First, we administered the pre-test (T1) involving tests of
spelling, reading speed and fluency, and syllable stress
awareness. Second, children of the first intervention group
performed 9–10 weeks of training. The waiting control
group did not play the game and thus is not considered in
the current analysis.Third, the post-test (T2) was adminis-
tered similarly to T1. In addition, children of the first inter-

vention group answered the questionnaire, for which we
explained to the children that they now have the chance to
express anonymously what they think about the game with
no right or wrong answers. We explained the rating scales
of the questionnaire and provided explicit examples for pos-
itive and negative items with mock-up questions to identify
possible careless responses (e.g, “I like chocolate” vs. “I
hate gummy bears”). Moreover, preliminary tests indicated
that children had problems reading and understanding the
questions due to their lack of proficient reading skills and
unfamiliarity with such questionnaires. Thus, we read aloud
each question individually and clarified posed questions to
ensure that everyone understood the items. We continued
with subsequent questions after every child had answered
the previous one. Answering the questionnaire took ap-
proximately 20 minutes. Upon completion, children were
rewarded with flexible pencils and small toy dinosaurs.

Results
Answers of the questionnaire were transformed into values
1 to 5. Answers with no clearly selected options were ex-
cluded.If children put marks between two options, we kept
and transformed the answer into a floating point value.

Player experience. Mean values of subscales were con-
sidered to reflect player experience. We used a conserva-
tive approach of analyzing each subscale by conducting
one sample Wilcoxon signed rank tests against the mid-
dle value of the subscale’s 5-point Likert scale (3 = mod-
erately). Descriptive results and inferential statistics are
summarized in Figure 9 and 10.

Children’s ratings of the game on the subscales Positive
affect, Competence and Immersion of the iGEQ+ were sig-
nificantly higher than moderately. In contrast, ratings of the
Tension/Annoyance, Negative affect, and Challenge sub-
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scales were significantly lower than moderately, see Fig-
ure 9. Ratings of the Flow subscale did not differ signifi-
cantly from moderately, see Figure 9. Children reported a
significantly positive Overall impression, rated the game’s
Usability to be very good, and reported a feeling of Self-
efficacy, indicated by ratings significantly higher than mod-
erately, see Figure 10. In addition, children reported that
they would likely recommend the game to a friend and con-
tinue playing the game themselves. Finally, children rated
Prosodiya to be more like a game , as reflected by ratings
significantly above “neither homework nor game”.

Figure 7: 5-point Smileyometer.

Figure 8: 5-point color and word
coded rating scale.

*** *** *** ** * *** ***
p < .001 p < .001 p < .001 p = .0016 p = .437 p < .001 p < .001
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Figure 9: Results of player
experience based on the iGEQ+

and one-sample Wilcoxon signed
rank test compared to µ=3.

*** *** *** *** *** ***
p < .001 p < .001 p < .001 p < .001 p < .001 p = .002
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Figure 10: Results of player
experience subscales and
one-sample Wilcoxon signed rank
test compared to µ=3.

We correlated the variables of literacy skills assessed in
pre-tests with the subscales of player experience. We opted
for Spearman’s rank correlation due to non-normal distribu-
tion of the data. Results are reported in Figure 11.

In-game measures. Children on average played on 27.9
(SD = 11.5) out of the recommended 40 days, spent on
average 494 min. (SD = 194) playing, reached on aver-
age level 68.6 (SD = 17.5), and practiced on average 160.6
levels (SD = 47.4). Out of 63 children, 47 (74.6%) fulfilled
their training plan and reached level 66 or higher. Children
spent on average 3.1 min. (SD = 0.8) and scored on aver-
age 139.6 (SD = 5.4) out of 150 points per level consisting
of 10 tasks. They solved on average 8.3 (SD = 0.8) out of
10 tasks per level at the first go.

Detailed correlations between literacy proficiencies and in-
game data of times and scores are listed in Figure 12.

Discussion
The results indicate an overall positive perception of the
proposed game and prove its usability and application as
an intervention used at home. Inferred from the results of
the iGEQ+, children reported high positive affect and to feel

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

S
pe

lli
ng

 p
ro

f.
S

yl
la

bl
e 

co
un

tin
g

S
tre

ss
 a

w
ar

en
es

s

A
vg

. t
im

e 
pe

r l
ev

el

A
vg

. s
co

re
 p

er
 le

ve
l

P
os

iti
ve

 a
ffe

ct
Im

m
er

si
on

C
om

pe
te

nc
e

Fl
ow

C
ha

lle
ng

e
N

eg
at

iv
e 

af
fe

ct
Te

ns
io

n
O

ve
ra

ll 
im

pr
es

si
on

U
sa

bi
lit

y
S

el
f-e

ffi
ca

cy
In

te
nt

io
n 

to
 u

se
Li

ke
lih

oo
d 

to
 re

co
m

m
en

d

H
om

ew
or

k 
or

 g
am

e

Reading prof.

Spelling prof.

Syllable counting

Stress awareness

Avg. time per level

Avg. score per level

Positive affect

Immersion

Competence

Flow

Challenge

Negative affect

Tension

Overall impression

Usability

Self-efficacy

Intention to use

Likelihood to recommend

0.58 0.24

0.35

0.25

0.26

0.52

-0.47

-0.44

-0.16

-0.13

0.27

0.31

0.4

0.41

-0.22

-0.06

0.13

0.02

-0.12

-0.34

0.02

-0.23

-0.03

-0.08

-0.13

-0.04

-0.41

0.53

-0.08

-0.08

-0.13

-0.15

-0.23

0

0.62

0.46

-0.26

-0.31

-0.16

-0.16

0.05

-0.11

0.15

0.4

0.36

-0.11

-0.09

-0.05

-0.04

0.3

-0.1

-0.12

-0.1

-0.01

-0.12

-0.02

-0.16

0

-0.02

0.08

-0.17

-0.38

-0.35

-0.17

-0.02

0.22

0.13

-0.01

0.05

0.04

0.08

-0.09

-0.53

-0.16

-0.33

-0.09

0.28

0.43

-0.16

-0.08

0.05

-0.06

-0.09

-0.02

0.67

0.64

0.52

0.39

-0.16

-0.5

-0.36

-0.05

-0.09

-0.16

-0.13

-0.1

-0.08

0.5

0.27

0.33

0.1

-0.38

-0.39

-0.57

0.24

-0.25

0.03

-0.16

-0.1

0.02

-0.13

0.52

0.63

0.43

0.33

0.09

-0.33

-0.33

0.42

0.37

-0.21

-0.21

-0.12

-0.06

-0.04

-0.09

0.53

0.46

0.44

0.32

-0.01

-0.06

-0.26

0.61

0.17

0.37

-0.03

-0.1

0.09

0.09

-0.07

-0.09

0.27

0.34

0.55

0.38

0.15

0.1

0.07

0.33

0.1

0.27

0.31

-0.29

-0.09

-0.1

-0.15

0.13

-0.05

0

0.11

-0.1

0.15

-0.07

-0.06

0.12

0.19

0

0.2

0.22

-0.11

Figure 11: Spearman’s Rank correlation between literacy skills
and player experience. Correlations significant on α = .05 are
colored.

competent and immersed while playing. Furthermore, the
children did not perceive negative affect nor did they feel
tense or annoyed during game play. Positive engagement
has been shown to positively affect learning [13].
The results additionally imply that the game did not over-
strain the children but also that it might have been too easy.
The low value of challenge could be explained by the high
percentage of tasks solved at the first go or by the study
version of the game that increased the difficulty gradually to
keep training similar across participants and to not overex-
tend poor performers or young children. This might have led
to an too easy course of play in general.
The game’s moderately value of flow implies room for im-
provement, which in turn can positively affect learning [21].
The negative correlation between reading and spelling pro-
ficiencies and flow indicates that children with lower literacy
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skills needed to pay more attention to the game and, thus,
experienced higher levels of flow.
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significant on α = .05 are colored.
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In addition, the perception of self-efficacy was reported by
the children, which is a central aim of therapeutic interven-
tions [2] and is related to self-awareness of and actual skill
increase [7]. The positive correlations between self-efficacy
and likelihood to recommend and between self-efficacy and
intention to use indicate that the more effective the children
perceived the game to be, the more likely would they rec-
ommend the game to friends and would play it in future.
This is supported by positive correlations between the pos-
itive subscales of the iGEQ+ and self-efficacy, likelihood to
recommend, and intention to use.

Moreover, the results indicate that primary school children
can use the game very easily, that they would likely keep on
playing it, and recommend the game to friends. Generally,
perceived ease of use, among other variables, was reported
to be an important predictor of learning success and flow in
other game-based trainings (e.g., [33]).

Taken together with the training behavior measured by the
number of days and the amount of time children spent with
the game, as well as that three-quarter of the children ful-
filled their training plan, we infer that the game is feasible
as an intervention at home and that it was able to engage
children throughout the training.
Significant correlations between literacy skills and in-game
data of scores and times (Figure 12) provide support for the
game’s pedagogical approach, i.e. difficulties of children
with poor literacy skills were trained. This is in line with pre-
vious research providing evidence that in-game measures
such as times (e.g., [40]) or scoring (e.g., [32]) may allow
for valid assessment of skills and knowledge.
Finally, Prosodiya was overall rated to be significantly more
like a game than like homework.

Conclusion and Outlook
In this article, we presented the preliminary evaluation of
a randomized controlled field trial of our proposed mobile
serious game for German dyslexic children regarding player
experience, feasibility of the digital intervention, and first
evidence of our pedagogical approach. The results of 63
children from the first intervention group, who answered
a questionnaire after playing the game for 9–10 weeks,
are overall very promising. The game was perceived very
positively while not invoking negative feelings. The results
also indicate that challenge and flow of the game can be
improved. We may conclude that our game-based interven-
tion can easily be used by primary school children, is likely
considered to be a game, engages and motivates children
over a longer time period, and that children are likely to rec-
ommend the game to friends and keep on playing it. Thus,
we may infer that such interventions can successfully be
used in field trials outside the classroom or learning ther-
apy. Significant correlations between in-game data of times
and scores and real-life literacy skills provide first evidence
that our game addresses difficulties of children with poor
reading and spelling skills. Importantly, these results are
promising as to the validity of our serious game. Taken to-
gether, it seems that our game achieved a balance between
game-play and learning objectives.

We plan to further investigate in-game measures and aim
at increasing the game’s flow and challenge, e.g. by con-
tinuing the development of an adaptive user model and in-
tegration of daily narratives, to keep player experience high
over longer period of time. The efficacy of the game regard-
ing reading, spelling, and syllable stress awareness will be
evaluated in the near future after the second intervention
group has successfully finished its training.
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