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Abstract 
We previously developed a tablet-based speech therapy 
game called Apraxia World to address barriers to treatment 
and increase child motivation during therapy. In this study, 
we examined pronunciation improvements, child engage
ment over time, and caregiver evaluation performance while 
using our game. We recruited ten children to play Apraxia 
World at home during two four-week treatment blocks, sep
arated by a two-week break; nine of ten have completed 
the protocol at time of writing. In the treatment blocks, chil
dren’s utterances were evaluated either by caregivers or an 
automated pronunciation framework. Preliminary analysis 
suggests that children made significant therapy gains with 
Apraxia World, even though caregivers evaluated pronunci
ation leniently. We also collected a corpus of child speech 
for offline examination. We will conduct additional analysis 
once all participants complete the protocol. 

Figure 1: Apraxia World is a 2D 
platformer speech therapy game 
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Introduction 
Speech sound disorders (SSDs) are a collection of difficul
ties producing specific speech sounds correctly, and are 
typically diagnosed in childhood [2]. Although SSDs can 
impair communication skills development [4], children often 
improve speech quality and reduce symptoms by work
ing closely with speech language pathologists (SLPs) [17]. 
Given that speech therapy practice must be frequent and 
high-intensity [12], clinic sessions should be supplemented 
with considerable home practice, which can be tedious. 
Primary caregivers typically administer home practice, but 
busy schedules decrease practice frequency [14]. As such, 
there is a need for speech therapy that allows children to 
self-direct their sessions with minimal caregiver involvement 
and makes the practice more engaging. 

To address boring and infrequent home practice, our team 
of computer scientists and SLPs collaboratively developed 
Apraxia World, a mobile speech therapy game that pro
vides pronunciation feedback [5]. In 2018, we evaluated our 
design with the help of 14 children with SSDs and seven 
children reported to be typically developing. We found that 
the game helped to make the speech therapy more enjoy
able for the children and they were eager to keep playing. 
However, the pilot study consisted of a single session per 
participant and did not examine therapeutic benefits, which 
makes further longitudinal evaluations necessary. 

Children often enjoy using digital therapy interventions in 
short-term tests, and sometimes even play beyond the re
quired time [5, 6]; however, it remains unclear how these 
interventions hold children’s attention over a longer period. 
As the perceived utility of a tool may not always match ac
tual usage [16], longitudinal evaluations combined with iter
ative development are needed to better align tool functional
ity with stakeholder expectations. 

As a follow-up to our pilot study, we are conducting a multi-
month longitudinal evaluation with 10 children with SSDs. 
This study has three goals: examine home use and thera
peutic benefit of Apraxia World, and build a corpus of in situ 
disordered speech from children for future speech recog
nition investigations. We approached this study with three 
primary research questions: 

• RQ1: What level of pronunciation improvement do 
children achieve while playing Apraxia World? 

• RQ2: How accurately do caregivers and our auto
mated system evaluate pronunciation? 

• RQ3: Do children remain engaged in the game-
based therapy practice over a long period? 

These assessments are necessary to ensure that this dig
ital game-based therapy method constitutes a meaningful 
approach for home practice. 

In this extended abstract, we present initial results on pro
nunciation improvements and pronunciation evaluator per
formance (RQ1 and RQ2). Preliminary analysis indicates 
that children are making therapy gains comparable to tradi
tional therapy and that caregivers are evaluating child pro
nunciations leniently. Additionally, we have curated a collec
tion of over 25,000 individual utterances that will be used to 
further investigate automatic speech recognition and pro
nunciation evaluation methods for child speech. Below, we 
presenting Apraxia World, the experimental protocol, and 
initial results. 

Apraxia World 
Apraxia World is a brightly-themed 2D platformer game 
(see Figure 1) built from an existing game for the Unity 
Game Engine. It includes 40 levels, multiple characters, 
and an in-game store. These features align with recom
mendations that speech therapy systems should include 



more game-like elements [1]. Figure 2 (a) and (b) show lev
els from two different worlds (jungle and desert). Apraxia 
World was developed collaboratively with SLPs and up
dated based on stakeholder feedback after the pilot study. 

There are different popular strategies for controlling speech 
therapy games: producing sustained sounds [10, 9, 11], 
speaking targets words corresponding with actions [16, 
3], or controlling specific aspects of speech [6]. These 
strategies have the benefit of providing implicit feedback; 
however, they can be problematic if the player struggles to 
produce the target sounds. Additionally, it can be difficult 
to navigate a character through a two-dimensional world 
using only speech to control their movements. As such, 
players control Apraxia World with a traditional joystick and 
button combination, and speech exercises are used as a 
secondary input to collect in-game assets, specifically, yel
low stars spread throughout the levels; see Figure 2 (a). 
When the player attempts to collect the star by touching it 
with their character, the game pauses and a themed speech 
exercise popup appears (see Figure 2 (c)). Within the exer
cises, pronunciation attempts are evaluated and the game 
displays appropriate feedback (this process described be
low). Once the player completes the required number of 
attempts (either correct or incorrect), the popup disappears 
and the star is added to their inventory. Collecting these 
stars is mandatory, as the game requires the player to col
lect a certain number of stars before they can complete a 
level. 

To limit therapy exposure and avoid game fatigue, children 
are only allowed to play one level per day. Apraxia World 
includes a timer that specifies how much time the child has 
left before their character slows down. This slight penalty 
encourages children to collect additional time. The player 
earns more time by doing speech exercises – saying a word 

correctly rewards the child with 10 seconds and saying a 
word incorrectly rewards the child with 5 seconds. In this 
way, the child is rewarded for all pronunciation attempts, but 
correct attempts are more strongly rewarded to motivate 
children to maintain practice effort. Once the child com
pletes the required number of speech exercises, the game 
does not allow them to do any more. At this point, the child 
can play until they finish the level or lose, whichever comes 
first. The game then locks until the next day. 

The current version of Apraxia World provides pronunci
ation feedback based on automatic pronunciation evalu
ation or human evaluator input via a Bluetooth keyboard. 
Automatic pronunciation evaluation is carried out using 
a template-matching (TM) framework, a well-established 
speech recognition technique based on dynamic time warp
ing [19]. This method compares a test recording against 
target "template" recordings to determine which template 
set it most closely matches. We selected TM because it 
has very low data requirements (i.e., a small set of speech 
recordings per player), which is critical for child speech ap
plications. TM has previously been used in child speech 
therapy applications [8, 21] and to evaluate pronunciation 
quality [20]. In our approach, correct and incorrect pronun
ciations of a word collected from the child are used as tem
plates when determining if a new recording of the same 
word is pronounced correctly. The calibration templates are 
collected by an SLP a priori using a dedicated companion 
application. 

(a) 

(b) 

(c) 

Figure 2: (a) A level from the 
jungle world (b) A level from the 
desert world (c) Speech 
exercise popup with both 
pictorial and text cue 

Experiment 
We recruited 10 participants (9 males, 5–12 years old), nine 
of whom have completed the protocol at the time of writ
ing. The study protocol consisted of five phases: setup, 
two treatment blocks playing Apraxia World, a between-
treatments break, and a post-treatments break. Setup in



volved selecting target words based on each child’s therapy 
needs, calibrating the speech recognition, and familiarizing 
the child and caregiver with the game. Children practiced 
over two counterbalanced treatment phases so we can ex
amine the effects of utterance evaluation source (caregiver 
versus computer). The four-week break at the end of the 
study is necessary to test for the longevity of any pronunci
ation improvements after practice ends. At the end of each 
treatment block, a random subset of utterances was se
lected for pronunciation evaluation by an SLP. The protocol 
timeline is illustrated in Figure 3. 

Within each of the two treatment blocks, children practiced 
words that target different speech errors, as selected by 
the SLPs. Pronunciation ability was probed before each 
treatment block, weekly during the treatment blocks, and 
once more following the post-treatments break, so that we 
can examine pronunciation improvements during and be
yond treatment. Pronunciation probes contained both prac
ticed and non-practiced words to measure carryover effects 
on targeted phonemes in new contexts. Subjective ques
tionnaires were administered twice during each treatment 
block, and again following treatment, to track and compare 
enjoyment during both treatment conditions. The children 
played Apraxia World on Samsung Tab A 10.1 tablets and 
used noise-cancelling microphone headsets to record their 
speech during exercises. 

In one treatment block, children received pronunciation as
sessments from their caregivers in a Wizard-of-Oz fashion 
(the system appears automated, but actually has a human 
operator). In the TM treatment block, they received auto
matic pronunciation assessment. Regardless of evaluation 
source, pronunciation feedback was delivered through the 
game. These conditions allow us to investigate if the child 
cares about a perceived level of autonomy, i.e., do they 

prefer being able to do the speech exercises on their own 
without a caregiver? We also scored caregiver pronuncia
tion evaluation accuracy by measuring agreement between 
caregiver and pathologist evaluations. 

Figure 3: Experimental protocol 
with two treatment blocks. 
Pronunciation is probed before 
treatment, weekly during treatment, 
and after a one-month break 
following treatment. 

Initial Results and Observations 
Pronunciation performance was calculated as the percent
age of utterances where the target speech sound was cor
rectly produced. Preliminary analysis of the first six partic
ipants indicates that children made pronunciation improve
ments comparable to those reported for standard face-to
face therapy. On average, participants’ production accuracy 
increased 42 percentage points (95% CI ± 18.3) in the 
treatment phase using TM evaluations and 45 percentage 
points (95% CI ± 12.1) in the phase with caregiver eval
uations. These improvements are similar to the 40-point 
improvement found in a study of a more traditional speech 
therapy program with 13 children [15]. 

We collected ground truth utterance labels by having an 
SLP phonetically transcribe a representative subset of the 
utterances collected so far. Using these labels, we com
puted the true positive rate (TPR) and true negative rate 
(TNR) for the caregivers and TM evaluations pooled across 
the nine participants who have completed the protocol. 
TPR is computed as 

T P R = 
true positives 

true positives + false negatives 
(1) 

and TNR is computed as 

T NR = 
true negatives 

true negatives + false positives 
. (2) 

These results are displayed in Table 1. The TPR for care
givers is much higher than the TNR, indicating that they 



may have been overly lenient in their evaluations. The TM 
results are the converse; the system appears to be overly 
punitive, with a higher TNR and a low TPR. The TM frame
work also may have struggled to evaluate the utterances 
once the children were speaking more naturally and relaxed 
at home, since the calibration utterances gathered under 
SLP supervision were relatively stoic and consistently-
produced. Further analysis on the utterance evaluations 
will be conducted and presented following the conclusion of 
our study. 

In total, we have gathered 25,096 utterances from the 9 fin
ished participants, and have manually labeled them into 5 
categories: clipped (part of the recording cut off), containing 
background noise, unusable (speaker unintelligible), con
taining significant microphone noise, or good (usable for 
offline ASR analysis – the good label says nothing about 
pronunciation quality). Roughly 47% of the utterances 
(~12,000) were labeled as good. 

We observed that when some of our participants became 
discouraged, they spoke too quietly for the TM to meaning
fully evaluate the speech. Some children also spoke loudly 
and quickly when excited (either positively or negatively), 
which also increases processing difficulty. As such, future 
systems would benefit from monitoring speaking volume 
and speaking rate to recommend a correction. These re
minders would help children produce utterances of better 
quality for automated speech processing, which would re
sult in them receiving more meaningful feedback on pronun
ciations. 

Examining the collected child speech reveals another di
rection for improving the system. We currently use a push-
to-start/push-to-stop mechanism to record utterances, but 
given the number of incompletely-captured recordings, we 
question if this is the best interaction method. Caregivers 

were reminded that the children should wait until they fin
ish speaking before stopping the recording, but the problem 
persisted, indicating that this mechanism is poorly suited 
for use with children. One potential solution is to use an 
endpoint detection framework to automatically determine 
when to stop the recording. Since incomplete recordings 
oftentimes result in inaccurate automated feedback, it is es
sential to empower children to capture the entirety of their 
utterance. 

TPR TNR 

Caregiver 88.4% 26.4% 
TM 29.2% 63.8% 

Table 1: True positive and true 
negative rates for caregiver and 
TM evaluations 

Future Work 
In this article, we presented preliminary results while re
serving in-depth discussion of game engagement for fu
ture publication. Further and more in-depth analysis will be 
conducted once the final participant (n = 10) has com
pleted the protocol and all data is collated. Specifically, we 
will examine engagement according to the time they spend 
navigating levels, how often their character dies, when they 
make store purchases, if they use power-ups, etc. Motiva
tion will be evaluated based on responses to the question
naires. This information allows us to analyze how children 
spend their time in the game, which is valuable given that 
Apraxia World should remain enjoyable as long as possible 
during home practice to extend the life of the intervention. 
Additionally, we will present therapy gains for all children 
and examine if the order of evaluator (caregiver and auto
mated system) had an effect on improvement magnitude. 

We plan use the collected child speech corpus to examine 
child ASR improvements like neural network transfer learn
ing [13] or signal modification [22] for future therapy appli
cations. We expect this line of work to generate separate 
publications for speech-specific venues. 



Conclusion 
Speech sound disorders are problematic for children, but 
can be addressed by clinical speech therapy. However, 
speech therapy is often less frequent than it needs to be. 
Home practice is a common complement to clinic sessions, 
but it depends on caregiver availability and can be tedious. 
To give children more independence and make therapy 
more enjoyable, we developed Apraxia World. 

In this study, we evaluated the home use and clinical benefit 
of Apraxia World over a multi-month period, while also col
lecting a child speech corpus. Encouragingly, our results so 
far align with previous studies that show computerized and 
tablet-based speech therapy is as effective as traditional 
speech therapy [18, 7]. We also found that caregivers may 
be overly lenient and the TM framework as implemented 
may be too punitive. In spite of any bias in the utterance 
evaluations, children are still making meaningful therapy 
progress. This suggests that word repetitions with imperfect 
feedback may help children improve pronunciation. 

Based on our findings so far, we recommend that future 
HCI researchers include recording quality safeguards, such 
as volume and speaking rate monitors. Researchers should 
also be careful to select child-appropriate recording con
trol methods, as we found that the push-to-start/push-to
stop paradigm was difficult for children to grasp. We be
lieve that including speech as a secondary input may help 
researchers design games that are not limited by speech 
quality. Finally, we suggest using a professional game en
gine like the Unity Game Engine and either purchasing an 
existing game or working with an experienced game de
signer to quickly build a game prototype that matches the 
quality of games children play daily, which can be important 
for engagement. We expect that results from this study will 
inform future work on speech therapy games and their role 

in clinical practice, which benefits developers, caregivers, 
and especially children. 
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