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Gus, 13 Jahre alt

Gus: „You’re a really nice computer.“

Siri: „It’s nice to be appreciated.“

Gus: „You are always asking if you can help me. Is there
anything you want?“

Siri: „Thank you, but I have very few wants.“

Gus: „O.K.! Well, good night!“

Siri: „Ah, it’s 5:06 p.m.“

Gus: „Oh sorry, I mean, goodbye.“

Siri: „See you later!“ Louie Chin

https://www.nytimes.com/2014/10/19/fashion/how-apples-siri-became-one-autistic-boys-bff.html

4. September 2018 Sprachtechnologie für Menschen mit Behinderung, Sarah Ebling 3/36

https://www.nytimes.com/2014/10/19/fashion/how-apples-siri-became-one-autistic-boys-bff.html


Computerlinguistik/Sprachtechnologie

I Automatische Verarbeitung natürlicher Sprache
I Schnittstelle von Sprachwissenschaft und Informatik
I Beispiele:

I Google Search
I Google Translate
I Rechtschreib- und Grammatikprüfung in Word
I Diktiersoftware (z.B. Dragon Naturally Speaking)
I Chatbots und Dialogsysteme: ELIZA, Anna (IKEA),

Siri, Alexa, Cortana, . . .
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Künstliche Intelligenz

I Seit den 1950er-Jahren
I „a set of technologies that attempt to give computers some of the cognitive abilities of

humans“ (Beals et al., 2015, S. 39)
I Teilbereiche:

I Sprachverstehen
I Dialogmanagement
I Wissensrepräsentation
I Emotionserkennung
I Maschinelles Lernen
I Objekterkennung
I Robotik
I . . .
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Künstliche Intelligenz: Und wo bleibt der Mensch?

„no computer system is capable of providing the same level of sophisticated and subtle
translation that a qualified professional interpreter can“ (Huenerfauth and Hanson, 2009,
S. 12)

„when it comes to language remediation, it turns out that computer technologies and human
therapists are perfect complements“ (Beals et al., 2015, S. 65)
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Sprachtechnologie für Menschen mit Behinderung

1. Sprachtechnologie in assistierenden Technologien und als Teil von e-Accessibility
2. Sprachtechnologie in sonderpädagogischen Interventionen
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Ziele dieses Referats

1. Stand der Forschung/Entwicklung im Bereich Sprachtechnologie für Menschen mit
Behinderung:

I Was ist jetzt möglich?
I Was wird in naher Zukunft möglich sein?
I Was wird nie möglich sein?

2. Überblick über Methoden/Ansätze mit ihren Herausforderungen
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Sprachtechnologien für Menschen mit Behinderung

I Spracherkennung: Umwandlung von gesprochener
Sprache in Text
Spezialform: Gebärdenspracherkennung

I Sprecherabhängig
I Sprecherunabhängig
I Sprecheradaptiv

I Sprachsynthese: Umwandlung von Text in
gesprochene Sprache (text to speech, TTS)
Spezialform: Gebärdensprachsynthese

I Sprachverstehen: Erkennung der Struktur und
Bedeutung eines Textes

!
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!

!

↓

!
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Live-Untertitelung mit Respeaking

I z.B. Sportübertragungen, Diskussionssendungen
beim Schweizer Fernsehen

I Respeaking: „a technique in which a respeaker
listens to the original sound of a live programme or
event and respeaks it, including punctuation marks
and some specific features for the deaf and hard of
hearing audience, to a speech recognition
software“ (Romero-Fresco, 2011)

I Warum ist Respeaking notwendig?
I Satzzeichen sprechen
I Ebenmässigeres Sprechbild→ näher an

Trainingsmaterial (sprecherabhängige
Spracherkennung)
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Vollautomatische Live-Untertitelung?

I EU-Projekt Savas (bis 2014,
http://www.fp7-savas.eu/)

I Herausforderungen:
I Klassifikation in Redebeiträge, Musik,

Hintergrundgeräusche, . . .
I Segmentierung der Untertitel
I Sprecheridentifikation (z.B. Moderatoren)
I Markierung von Sprecherwechseln
I Interpunktion
I Eigennamen
I Erkennung von code switching
I Editierung

„speed of automatic subtitles is likely to cause viewers
to miss most of the images“ (Romero-Fresco and
Pérez, 2014)

I . . .
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Automatische Erkennung dysarthrischen Sprechens

I Erkennungsgenauigkeit bei leichter bis mittelschwerer Dysarthrie: bis 90% mit
kommerziellen Spracherkennungssystemen

I Schwere Dysarthrie: deutlich tiefer→ sprecherabhängige Spracherkennung
I Herausforderungen (Hawley et al., 2013; Rudzicz, 2016):

I Wenig Trainingsmaterial
I z.T. sehr variables Trainingsmaterial

I Aufkommen neuer Datenbanken (UAspeech, TORGO)
I Laufende Initiative: Training Network on Automatic Processing of PAthological Speech

(TAPAS, https://www.tapas-etn-eu.org/)
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Spracherkennung für Active Assisted Living (AAL)

I Spracherkennung als Kommandoschnittstelle
I Befehle:

I Notruf absetzen
I Fensterläden auf/zu
I Lichtschalter ein/aus
I . . .

I Herausforderungen (Vacher et al., 2013,
2015):

I Erkennung auf Distanz
I Verschiedene Audiokanäle
I Ständige Einsatzbereitschaft
I Rücksicht auf Privatsphäre
I Stimmen älterer Menschen können spezifische

Merkmale aufweisen

Sensors 2014, 14 3854

from a Swedish test site and shows the time periods where the person has just woken up. As we can see,
this (naturally) happens in the mornings, but also sometimes during the night.

Figure 8. A timeline viewer showing the inference results from the query in Figure 8.

10. Testing of the System in Real Homes

The system is currently being tested in six real homes (two in Sweden, two in Spain and two in Italy),
where the system has been deployed and will be used for one year. The system will be placed in nine
additional homes in the spring of 2014. A map of one of the homes in Sweden with the positions of
the sensors installed is shown in Figure 9. This particular apartment is inhabited by an 82-year-old man
(born 1931) who has been living alone since his wife departed two years ago. He had a stroke two years
ago and spends most of his time inside; the exceptions are when he goes outside to do shopping or to
visit any of his three sons with his mobility scooter.

Figure 9. The map of one of the test site in Sweden showing the sensor positions.

(Palumbo et al., 2014)
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Gebärdenspracherkennung

I Computerlinguistik und Computer Vision
I Zwei Schritte:

1. Extraktion von Positionsmerkmalen für jeden
Frame

2. Zeitliche Modellierung
I Herausforderungen:

I Allgemein: Lichtverhältnisse, Perspektive,
Verdeckungen, Bewegungsunschärfe, . . .

I Gebärdensprachspezifisch: manuelle und
nicht-manuelle Komponenten, wenig
Trainingsmaterial, . . .

I Bisher v.a. auf einzelnen Gebärden
I Erster Schritt: Tracking

Projekt SMILE
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Screen-Reader

I Seit Mitte der 1980er-Jahre
I Bekannte Screen-Reader: JAWS, VoiceOver

(Accessibility Suite), NVDA
I Formantensynthese
I Merkmale (Zagler, 2014):

I Synthesizer spricht zur blinden Person
I Hohe Sprechgeschwindigkeit wichtig
I Natürlichkeit der Stimme hat nicht oberste

Priorität
I Wiedergabe von Satzzeichen,

Gross-/Kleinschreibung u.ä. teils von
Bedeutung (U5, IML Uni Bern)
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Audiodeskription mit Sprachsynthese

Verwendung von Sprachsynthese: Studioaufnahme entfällt, Prooflistening orts- und
zeitunabhängig

1. Sendematerial beschaffen
2. Sendematerial anschauen, Skript

erstellen
3. Sprachsynthese
4. Prooflistening, Korrekturen
5. Zweiter Durchgang Sprachsynthese
6. Audiodeskription mit Ton der Sendung

abmischen
7. Auf Sendedatei aufspielen
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Gebärdensprachsynthese

I Gebärdensprachavatare
I Computerlinguistik und Computergrafik
I Einsatz:

I Output Übersetzungssystem
I Einträge Gebärdensprachlexikon
I öV-Informationen
I Inhalte Gebärdensprach-Wikis, -Blogs u.ä.
I . . .

I Herausforderungen (Kipp et al., 2011):
I Nicht-manuelle Merkmale
I Prosodie

Sign Wiki

!

(Efthimiou et al., 2012)
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Spracherkennung in sonderpädagogischen Interventionen

I Transkription in Spontansprachanalysen
I Förderung/Therapie im Kontext von Dysarthrie

(Ganzeboom et al., 2016; Krause et al., 2013;
Martens et al., 2015)
Aktuelles Projekt: ISi-Speech (Frieg et al., 2017)

I Förderung/Therapie im Kontext von Aphasie (Beals
et al., 2015)

nection and have to help each other in finding the treasure and
the key to open it. One player, the ‘digger’, can dig up the trea-
sure on land and the other, the ‘diver’, dives in various rivers
and canals in search for the key to open it. The locations of
both treasure and key are marked on the map, but only the ‘dig-
ger’ can see the location of the key (where the ‘diver’ should go)
and only the ‘diver’ can see the location of the treasure (where
the ‘digger’ should go). The players thus have to explain to
each other where to go. This way, players are encouraged to
keep speaking to each other to describe where they are on the
map and giving directions where the other should go. Figure
1 shows the tablet set up for which the game was developed.
Figure 2 displays a screenshot of the game.

Figure 1: The tablet set up displaying the start screen of the
game.

Every map in the game is a different level. Levels of dif-
ficulty are influenced by the size and layout of the map, the
complexity of street names and icons to describe one’s location,
the availability of an overview map and its level of detail. In
the initial levels, your location is also visible to your co-player,
in addition to the location of the item you need to find. That
visibility is removed in later levels. Players talk to each other
using the headset and get feedback on their loudness of voice
and pitch from the game, especially when they are above or
below specified thresholds. This is indicated by the horizontal
green bar shown in Figure 2, which provides real-time feedback
while the patient is speaking and shows a green, orange or red
color when the loudness of the patient’s speech is within, near
or below the threshold, respectively. When the pitch is too high
a notification slides down from underneath the bar instructing to
‘speak loud and low’. The therapeutic goals of the game are to
motivate dysarthric individuals in using continuous speech, and
to speak up and maintain predefined levels of pitch and loud-
ness.

In addition to feedback on loudness and pitch, our idea is
to incorporate ASR technology in the game to be able to auto-
matically provide more robust and focused feedback on speech
quality. An initial idea to integrate this into the gameplay is to
present the user with passphrases that have to be uttered, before
the treasure is opened in the game. The user is always rewarded
with treasure, but potentially depending on the level of speech
quality determined by the ASR, the user may be rewarded with
different kinds and/or amounts of treasure.

In the preparations for providing this type of feedback using
ASR, we developed an ASR architecture that runs on a server
in the cloud. Every time the game authenticates to this server, a
separate ASR session is initialized which is only available to the

Figure 2: An in-game screenshot displaying the game from the
perspective of the player ‘digger’. In the partially blue square
it can be observed that the, ‘diver’ already reached the correct
location of the key.

user who requested it. The audio containing the player’s speech
is then continuously streamed to the server for offline analysis
later on. As we have to handle privacy sensitive data, all com-
munication with the server happens over secured connections.

We are currently developing and optimizing the ASR tech-
nology for the game and this work has to be done while the
game is still being developed, improved and finalized. This
means, among other things, that we cannot test the technol-
ogy on the actual speech that will be produced in the game.
A compounding problem in developing ASR applications for
pathological speech is the limited availability of sufficient rep-
resentative data. Since this was all anticipated, we started ex-
perimenting with already available speech data that can be con-
sidered representative for the type of speech that will have to
be dealt with in the game (see section 4.1). Initial experiments
were run to investigate to what extent ASR performance can be
improved by speaker-independent Subspace Gaussian Mixture
Model-Hidden Markov Models (SGMM-HMMs) and speaker-
adaptive Deep Neural Networks (DNNs) in comparison to the
traditional system using speaker-adaptive GMM-HMMs.

4. ASR experiments for the CHASING
game

The ASR module in the CHASING game has to process
dysarthric speech which is notoriously more difficult to recog-
nize than normal speech. One of the obstacles in developing
ASR technology that can handle dysarthric speech is the lim-
ited amount of dysarthric speech data available for training and
testing the ASR algorithms. To partly circumvent this problem
experiments were conducted in which maximum use was made
of existing databases.

To investigate the baseline performance of the deep neural
network-based acoustic models on dysarthric speech, we per-
formed recognition experiments on a similar type of speech in
Flemish which is a variety of the Dutch language spoken in
Flanders. This choice is motivated by the availability of a prin-

65

(Ganzeboom et al., 2016)
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Sprachverstehen in sonderpädagogischen Interventionen

1. Morphologische Analyse
2. Wortartenanalyse
3. Syntaktische Analyse
4. Semantische Analyse

GrammarTrainer für Kinder/Jugendliche mit
Autismus-Spektrum-Störung (Beals et al.,
2015)
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Textanalyse in sonderpädagogischen Interventionen

I Unterstützung Diagnose spezifische Sprachentwicklungsstörung (Solorio, 2013)
I Unterstützung Diagnose leichte kognitive Beeinträchtigung (Lehr et al., 2012)
I Unterstützung Diagnose Aphasie (Fraser et al., 2013, 2014)
I Unterstützung Bestimmung Sprachentwicklungsstand syntaktisch-morphologischer

Bereich (Sagae et al., 2005)
I Auffinden von Texten geeigneten Niveaus
I Unterstützung Diagnostik PMT: Projekt „Computergestütztes Übungsprogramm für

psychomotorische Diagnostik“ (https://www.hfh.ch/de/forschung/projekte/
computergestuetztes_uebungsprogramm_fuer_psychomotorische_diagnostik/)
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Conversational Agents

I „computer programs engaging with human users in a
conversation to assist, educate, or entertain“
(Suendermann-Oeft, 2014, S. 63)

I Alternative Bezeichnung: Dialogsysteme
I Beispiele für multimodale Dialogsysteme: Embodied

Conversational Agents (ECAs)
I „graphically embodied agents which aim to unite

gesture, facial expression and speech to enable
face-to-face communication with users“ (Amores
et al., 2011, S. 334)

I Computerlinguistik, Computergrafik
I Herausforderungen (Lopez-Cozar et al., 2011):

I Grössere kognitive Beanspruchung
I Möglichkeit der Fehlerfortpflanzung
I Höhere Rechnerleistung erforderlich

32

Designing and Evaluating Interactive Agents as Social Skills Tutors for Children with Autism

the entire module by clicking icons and could type 
a response if desired. In the future, incorporating 
assistive technologies such as speech recognition 
and touch screens would be desirable.

Due to the communication impairment that is 
associated with autism, the majority of sufferers 
tend to be primarily visual learners. Icons with 
clear meanings rather than text labels are often a 
good choice, and thus have been used wherever 
possible in these modules, as can be seen in Figure 
4. Timely feedback that explicitly tells the learner 
how appropriate their response was is essential, 
as ambiguity can cause anxiety and subtle cues 
are often missed (Brown et al., 2001; Parsons et 
al., 2000).

Additionally, any rewards a learner receives 
must reinforce the task at hand. Davis et al. (2005) 
found that if this is not the case, learners are 
likely to rush tasks just to receive the reward at 
the end. To this end, the virtual tutor praises the 
student when a correct answer is chosen, and 
guides them towards the correct answer in a non-
judgemental manner if they have difficultly.

Many studies emphasise the importance of 
self-paced learning and task repetition as it gives 
individuals with autism a sense of control which 

reduces anxiety and therefore improves lesson 
retention (Davis et al., 2005; Brown et al., 2001; 
Parsons et al., 2000). The structure of the lesson 
modules follows a predictable pattern and users 
have the option of having the tutor repeat the last 
question again, both in an effort to reduce the risk 
of anxiety.

Our social world is dynamic and very complex, 
which leads to individuals with autism finding it 
difficult to learn social skills when they are be-
ing bombarded with so much sensory input and 
so many distractions. Kerr (2002) and Parsons 
and Mitchell (2002) both emphasise the need for 
scaffolding, starting with very basic scenarios 
with lots of prompting and gradually fading the 
prompts and increasing the complexity and dis-
tractions involved.

Figure 5 shows how complex social interac-
tions can be broken down and taught as explicit 
steps. The strongest advantage of virtual tutors 
and environments is that the situations can be 
broken down to the basics and tailored to suit the 
learner’s needs. Parsons and Mitchell (2002) found 
that with gradual prompt fading, generalisation of 
social skills to the real world could be achieved.

Figure 4. A screenshot of the conversation module

(Milne et al., 2011)

(Beals et al., 2015; Suendermann-Oeft, 2014)
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ECAs in sonderpädagogischen Interventionen

I Autismus-Spektrum-Störung (Bosseler and
Massaro, 2003; Milne et al., 2011; Smith et al.,
2014; Tartaro and Cassell, 2008)

I Aphasie (Pompili et al., 2015; Teodoro et al.,
2013)

32

Designing and Evaluating Interactive Agents as Social Skills Tutors for Children with Autism

the entire module by clicking icons and could type 
a response if desired. In the future, incorporating 
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(Milne et al., 2011)

provided feedback on why certain training objectives

received a particular score.
There are additional features that individualize the VR-

JIT learning experience. To promote hierarchical learning,

the simulated interviews have three difficulty levels where
Molly is friendly (easy), business-oriented (medium), or

brusque (hard). At the hard level, she is unforgiving of

errors and may even ask illegal questions. Also, Molly’s
character continually evolves so her demeanor or questions

may change depending on the trainee’s prior responses and

the rapport that has been established. This emotional
realism creates a dynamic experience in which the trainee

sees Molly become nicer when responded to honestly and

respectfully, or sees her become more abrupt and dismis-
sive when responded to evasively or rudely. These features,

taken together with the scope of VR-JIT’s main compo-

nents and non-branching logic, provide a comprehensive
and interactive learning experience for practicing and

performing a successful job interview.

Training Fidelity

Two research staff members were trained to administer the
intervention using a checklist devised by the scientific team

(see ‘‘Appendix 1’’). Participant orientation using the

checklist covered the following topic areas: navigating the
graphic user interface (GUI), creating a user profile, com-

pleting a job application, e-learning materials, starting the

simulation, reading transcripts, using in-the-moment feed-
back and help modules, reviewing transcripts, and

reviewing summarized interview performance. Staff

engaged in practice sessions where they oriented team
members on administering the intervention.

Study Procedures

Both groups completed baseline and follow-up assessments

in the research laboratory. Baseline assessments included
psychosocial and vocational interviews, clinical assess-

ments, and neurocognitive and social cognitive assess-

ments. The TAU group completed baseline assessments,
and then, after a 2-week waiting period, they returned to

repeat the two standardized role-plays and the self-confi-

dence measure as follow-up tests. Following the comple-
tion of baseline measures, the intervention group was asked

to complete 10 h (approximately 20 trials) of VR-JIT

training over the course of 5 visits (within a 2-week period)
and then complete the training experience questionnaire

Fig. 1 VR-JIT-simulated interview interface. Molly’s interview
question is asked as well as displayed at the bottom of her video
image. SIMantha, the virtual job coach is displayed in the bottom-
right corner. Available relevant responses are coded in yellow that

can be read aloud and understood by Molly with the use of voice
recognition software. Buttons to the left of the responses allow
trainees to change the direction of the conversation. When Molly asks
her question, the computer screen transitions into full-screen mode

J Autism Dev Disord (2014) 44:2450–2463 2453

123

(Smith et al., 2014)
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Ausblick

I Beitrag der Sprachtechnologie in
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