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This paper presents the conception, development and evaluation of an Amazon Alexa application (Skill) for

the training of reading fluency. This Skill takes on different roles in a multilingual Reader’s Theatre, a reading
out loud method to train reading fluency. In this approach, children may choose and practice one or more
roles in a script by reading out loud their dialogues with the reading partner Amazon Alexa. The student and
Alexa take turns in reading. Alexa gives feedback to the student, acts as a reading model, and has the role of
a cooperative reading partner. In an iterative process, the development of the prototype was continuously
evaluated and adapted. The Skill was evaluated with three students who tried out the Skill and were
interviewed about the acceptance, the fun factor and their future use. The evaluation focused on the
functionality and usability of a possible technical implementation. Despite various technical limitations, a
final evaluation showed that the Skill can be suitable as a co-partner for a Reader’s Theatre.

1 INTRODUCTION

Digitalization has advanced mobile devices such as
tablets or smartphones to an indispensable part of our
private and professional lives. 98% of German
households today own mobile devices, and 97% of
them have Internet access (Feierabend, Plankenhorn
& Rathgeb, 2016), which means that Children and
teenagers come into contact with digital media
starting from a very young age. Smart speakers, such
as Amazon Alexa, are increasingly a part of today’s
family lives. A total of 86.2 million smart speakers
were sold in 2018. During the fourth quarter of 2018
there were more smart speakers sold worldwide than
in the entire year of 2017. (Strategy Analytics, 2018).
One of the most popular smart speakers is Amazon’s
Alexa, a device used in many fields, such as Utilities,
Health & Fitness, News, Kids, Communication,
Smart Home, and Education (Amazon.com, Inc. & its
affiliates, 1998-2019). With the progressive
development of technological innovation, digitization
offers new possibilities for the use of media in the
context of teaching and learning. Alexa's interaction
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features, her lively voice and the Amazon’s
personalized programming possibilities, offer great
potential in educational contexts. In this project, we
investigated to what extent smart speakers are
suitable as reading partners for students as a means to
improve their reading abilities.

2 PROBLEM, APPROACH AND
OBJECTIVES

A significant deficit in reading competence is a
phenomenon observable not only in countries with
less developed educational systems, but also among
students in primary and secondary level school in
many first-world countries (OECD, 2015). Such
inadequate reading competence may not only impair
the learning of other school subjects, it may also
negatively impact the future and professional life of
such students (Grabe, 20009; Grotliischen &
Riekmann, 2011). Reading fluency is considered a
fundamental basis for higher reading competence
(Grabe, 20009). Hence, students should be able to
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assign word meanings reliably and quickly at the
level of letters, words, sentences, and text passages.
In addition, texts should be read at a certain speed and
with the right intonation. Repeated reading aloud may
improve accuracy, fluency and understanding of
reading (NICHD, 2000). There are a number of
instructional approaches linked to reading aloud, such
as the Reader’s Theatre method (Nix, 2006).
However, all of these methods require a reading
partner and intensive practice to improve reading
competence. Finding an adequate reading partner
outside of class is often a problem due to a number of
reasons. For example, if a student’s family has a
migration background, parents frequently lack the
required language skills to assist their children, or if
family members are unavailable due to their work
schedules.

In this paper, an approach aimed at addressing this
problem by means of commercial speech technology,
namely Amazon Alexa, is presented and evaluated.
The contribution of this paper is first, the presentation
of novel technology-based, self-directed learning
activities that integrate (commercial) language
technologies, and smart speakers. And second, this
paper provides an evaluation of Amazon Alexa’s
ability to provide sufficient quality when applied in
such scenarios. Furthermore, first results with respect
to the acceptance of such technology by learners are
presented.

3 STATE OF THE ART

This work focuses on the conception, implementation
and evaluation of digital learning media for the
method of multilingual Reader’s Theatre (MELT)
(Kutzelmann, Massler, Klaus, Gotz & 1lg, 2017). The
MELT method is based on the Reader’s Theatre
approach (Nix, 2006) which integrates repeated
reading aloud in order to increase reading ability
(Rosebrock, Nix, Rickmann & Gold, 2011). In the
Reader’s Theatre, students practice a performance
linked to reading texts, which in turn develops their
reading fluency “on the side”. Students train
cooperative dialogical texts, which are divided into
speaker and narrator roles (Mraz et al., 2013). The
multilingual Reader’s Theatre is an extension of the
Reader’s Theatre taking a bilingual or multilingual
approach. In this approach, scripts may integrate not
only the national language and foreign languages, but
also migration languages. Students not only practice
their reading fluency in cooperative groups, they also
engage in self-learning phases. Studies have
confirmed that learners and teachers value the
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multilingual Reader’s Theatre as very motivating and
instructive (Kutzelmann et al., 2017).

For more than three decades, the use of computers for
learning has been investigated. Much of the early
research has focused on the potential of training
programs to make better and faster learning possible.
Computers have the unique ability of offering
individualized practice to students who need to
improve their reading fluency. Moreover, computers
have proven beneficial in developing the ability to
decode. (Hasselbring & Goin, 2004). In the digital
domain, there is already a multitude of learning
software geared to improving text comprehension
skills, practicing reading fluency in the mother
language or in foreign languages, and training
vocabulary.

Parr (2008) developed an approach to using text-
to-speech technology that offers the possibility to
read out words, sentences and texts fluidly with a
computer-generated voice. This technology gives
students with reading difficulties the chance to work
independently in accordance with class level
expectations (Hasselbring & Bausch, 2005/2006).
Students are supported in decoding and word
identification thus allowing students with limited
reading ability to read longer texts (Parr, 2008).
Digital technologies are not only useful as a reading
model, but also as an application that listens to
students read and then give feedback on their
performance. For example, the digital application
MyTurnToRead is designed as a virtual reading
partner to practice reading fluency (Madnani et al.,
2019). Based on an e-book, MyTurnToRead
demonstrates how a virtual reading partner is useful
for developing reading fluency. With this application,
the student and virtual partner take turns reading
aloud. The student can follow along while the virtual
partner reads aloud. By highlighting the sentence that
is being read aloud, the student’s focus is maintained.
At any time, the student may pause the digital reading
out or repeat a part that has already been read aloud.
In addition, students have the possibility to record
themselves while reading aloud text and then listen to
it afterwards. After reading, the student engages in
comprehension tasks.

The reading tutor, a computer-based tool, with
speech recognition (Bernstein & Cheng, 2008) was
developed specifically to help students practice their
reading skills. The reading tutor has been shown to
improve not only the reading skills of native English
speaking students (Mostow et al., 2008), but also
students of English as a Second Language (ESL)
(Poulsen, Wiemer-Hastings & Allbritton, 2007). The
reading tutor displays stories on a screen and records



the student while reading aloud. By means of speech
recognition and automatic text analysis, the reading
tutor can give feedback on the student’s performance
(Mostow & Aist, 2001).

The Peabody Literacy Lab (PLL), a tutoring
system designed for secondary school students, relies
on a unique combination of learning theory,
pedagogical principles and integrated media
technologies (Hasselbring & Goin, 2004). This
program teaches word recognition, decoding, spelling
and text comprehension. An animated tutor guides the
student through the instructional units and provides
feedback of the student’s performance via a digitized
human voice. The program tracks individual student
progress and adapts the lessons accordingly.

As stated above, one means for developing
reading skills is the Reader’s Theatre where students
practice reading aloud. To accommodate recent
technological advancement, the Reader’s Theatre has
been expanded to include digital media. However,
these are not digital reading partners, rather
extensions to the design of the final performance. In
the following, two examples are presented for how
digital media can be integrated into the Reader’s
Theatre method.

Vasinda and McLeod (2011) have expanded the
traditional Reader’s Theatre by using podcasts. In the
process, podcast recordings of the performances were
made and published. By publishing a podcast
recording of the theatre performance, parents unable
to attend their child’s performance, could listen to the
reading. Story Reading Environmental Enrichment
(STREEN), an innovative space for reading stories at
primary school age, is another example for
integrating digital media into the Reader’s Theatre
method. Depending on the reading performance and
story, it uses technical infrastructure in the form of an
augmented e-book. STREEN has been shown to
elevate the reader’s motivation by changing the space
in which they read. STREEN is an artificial
environment in which technical infrastructure can
trigger technical media additions based on reading
performance and story. (Ribeiro, Turgel, Miiller &
Ressel, 2016). Speech recognition and eye tracking
technologies are used to detect events in a reading
aloud scenario, or a quiet reading scenario,
respectively. Smart speakers such as Amazon Alexa
are enablers for combining text-to-speech
technology, personalized reading feedback and
reading loud out method.

In this project, existing technologies of smart
speakers were used and adapted to the context of
reading fluency training. The most popular smart
speakers are products offered by Apple (Siri), Google
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(Google Assistant), Microsoft (Cortana), Samsung
(Bixby) and Amazon (Alexa) (Drewer, Massion &
Pulitano, 2017). The advantage of Amazon Alexa has
is for third parties to develop and deploy custom
Skills, i.e. software components for extending the
assistant with additional voice commands. The voice
command 'Alexa' connects Alexa or the Amazon
Echo device synchronously with the remote Amazon
Voice Service, thus allowing access to the custom
Skill. By doing so, all additional voice commands
become available to the end user. Using them invokes
the corresponding action in the customised Alexa
Skill (Amazon.com, Inc. & its affiliates, 2010-2019a).
The number of custom Amazon Alexa Skills in the
USA more than doubled in 2018. At the beginning of
2018, there were 25,784 Amazon Alexa Skills in the
USA. By the beginning of 2019, there were already
56,750 Skills. This constant increase demonstrates the
continuing interest of developers in the Amazon
Alexa technology. It is not only the end users who
benefit from this growth, but also Amazon. It shows
the engagement of the developers, who are of crucial
importance for increasing the value of this platform
(Kinsella, 2019). Echo Show provides additional
interaction possibilities through a touch display.

4 METHODOLOGY:
DESIGN-BASED RESEARCH

The objective of our project was to determine the
potentials and limitations of Amazon Alexa as an
electronic learning tool in the form of a training
partner for MELT. The focus of this study was on
technological feasibility and acceptance. The
following research question is: To what extent is
Amazon Alexa suitable as a reading partner for
training reading fluency? The project pursued a
Design-Based Research (DBR) approach, combining
knowledge- and application-oriented research in a
continuous cycle of design, implementation,
evaluation and re-design (Design-Based Research
Collective, 2003). In addition, methods and
instruments of User Experience (UX) design and
usability engineering (DIN EN ISO 9241-210, 2010)
were used. Users were integrated into the product
development process at an early stage. They engaged
in the study by regularly testing the usability of the
product with usability tests during implementation.
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S CONCEPT

The target group in need of reading support were the
end of primary school students and early secondary
school students with reading fluency deficiencies.
The following objectives were pursued:
* supplementing the Reader’s Theatre with self-
study sessions at home;
training the reading of selected roles in a dialog;
implementing Amazon Alexa as a reading
partner;

The advantage of combining MELT with Amazon
Alexa is that she can be used as a co-partner for
reading all of the other theatre roles. In addition,
Alexa is able to pronounce and properly emphasize
words and sentences. In this way, Alexa serves as a
speech model. By using Alexa Echo Show, the
display can be used to read the texts. Another
advantage is students may also receive feedback
concerning errors they make while reading aloud. At
the end of the training session, students receive a
numerical score based on the errors they make while
reading aloud.

Personas and scenarios were created early in the
project. The following scenario illustrates the
intended use which starts with Miranda coming home
from school. That day, her English teacher introduced
the reading aloud method MELT in her lessons and
plans a joint reading performance at the end of the
week. Since in her first attempt Miranda did not
perform well when reading her role, she would like to
practice at home However, she lacks an appropriate
reading partner. Fortunately, her family owns an
Alexa Show, and her teacher has already provided her

O alexa developer console

< Your Skills Lesen Bulld Code Test Distribution Certification

’ @ German ‘ [ save Model X Bulld Model

CusTOM

Analytics

Intents / HeidiVorlesenLos

@ Interaction Model
Sample Utterances (17)

Invocation

v Intents (46) @ Add

HeidiVorlesenRolleHeidione Los heidi

HelidivorlesenRolleHeiditwo Heidi vorlesen

HeidiVorlesenRolleHeidithree .
Heidi los

DschungelbuchVorlesenLos
Mit Heidi starten
DschungelbuchRollevaterWolfo...

Heidi lesen
DschungelbuchRolleVaterWolft...

DschungelbuchRolleVaterWolft...

with the necessary Skill enhancements, which her
father had installed the previous day. She starts her
activity with Alexa. Now she is able to read the text
and concentrate on her role, while Alexa takes over
the roles of her classmates. Whenever she makes an
error, Alexa provides feedback.

The concept of this work includes the
implementation of a reading text with different
reading roles. The student has the opportunity to
select each role to read with Alexa. The developed
Skill can be used with an Amazon Echo device, or a
mobile device with the Amazon Alexa App. By using
the Echo Show the functionality can be extended so
that it shows images and texts on the display, and use
of a touch interaction function. The difficulty level of
the reading text was adapted to the target group. After
the training sessions, the students receive score for
their reading performance.

6 IMPLEMENTATION

A prototype for the custom Alexa-Skill was
developed. The Skill was programmed into the
Amazon Developer Console and the AWS Lambda
Management Console (Amazon.com, Inc. & its
affiliates, 2010-2019b). The development of the Skill
can be organized in the Amazon Developer Console.
The Skill can be tested without an additional Amazon
Echo device (Figure 1 and 2). In this console the Skill
name is defined. Then, a user-defined interaction
model containing the logic of the app and voice inter-
face needed to interact with Alexa are created and
configured.

Q GL

Feedback forum

X utterance Profiler

S Bulk Edit X, Export

1-50f17 >

Figure 1: Amazon Developer Console to organize the Skill.
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Figure 2: Amazon Developer Console to test the Skill.

To define the voice interface, the user's voice
input is assigned to so-called intents. This allows the
cloud-based service from Amazon to process the
voice input. The endpoint or the link to the AWS
Lambda Management Console is also entered
(Amazon.com, Inc. & its affiliates, 2010-2019¢). A
Node.js function code was written into the console,
which can be executed when an intent is called up by
voice commands. The code example shows the
template code for the Alexa Show Display and the
speech output:

'HeidiVorlesenLos': function () {
if (supportsDisplay.call(this)) {
const bodyTemplatel = new

Alexa.templateBuilders.BodyTemplatel
Builder () ;

var template =
bodyTemplatel.setTitle ("GamelLet
App")

.setTextContent (makePlainText ("Es
geht los."))

Lbuild();

speechOutput = "Es geht los.";
this.response.speak (speechOutput) ;
this.response.renderTemplate (templat

e);
this.response.listen();
this.emit (":responseReady") ;

}

The following problems and obstacles were
encountered during implementation. First, all intents
are created in the same way and have equal rights,
which means that all of them can be used at any time.
This has the advantage that students can start reading

at any part of the text, at any time. However, the
disadvantage is the possibility that Alexa could begin
reading from a different part of the text if the
command is not clear. Second, Amazon offers only
two or three voices for many of the languages in the
program (Amazon Web Services, Inc. or its affiliates,
2006-2019). Consequently, several roles must be
assigned to the same voices. Third, Alexa Show stops
reading aloud when her display has been touched,
which means no interaction is possible while reading
aloud. The consequence here is the text cannot be
scrolled up. Finally, when changing or re-
implementing stories, obstacles can arise because
they are complex and require programming
knowledge.

7 EVALUATION

The prototype of the Alexa Skill was tested and
evaluated by means of three representative target
group students. Functionality and usability of a
possible technical implementation were the focus of
the study. Technical optimization was derived from
these results. Privacy issues were taken into account
to the extent that no student data are saved. Most
importantly, Alexa is used solely for educational
purposes.

Testing began with a short introduction to MELT
and the Alexa Skill, the students were asked to read
their role in the Reader’s Theatre with Alexa. This
they carried out on their own (Figure 3). After the
students had tried out the Skil/, a semi-structured
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interview was conducted. In this interview, the

students were asked questions about acceptance, fun

factor and future use. In general, it can be said that all

three students used the Skill intuitively.

The interview results could be organised in the

following five points:
* Alexa's reaction: The students found Alexa's
reaction time and waiting time to be too long.
However, the reaction sensitivity to the read-out
text rarely led to problems.
* Understandability: After a short introduction,
the students were able to use the Skill intuitively.
They quickly understood how the Skill works.
Moreover, orientation was reported to be easy.
* Functionality of Alexa: Sometimes there were
small functional errors, e.g. turning itself off
unexpectedly. Another issue is the student wish for
a larger portion of reading activities in the Reader’s
Theatre. Furthermore, the extension of Alexa by
Echo Show was rated as very positive: "Reading the
text from Alexa Show is much cooler than from
paper."
* Pronunciation: The use of three different
languages in the Skill was confusing for all students
because Alexa can speak any given role with
different voices and in different languages.
Although Alexa is a good speech model for
pronunciation, she cannot correct student
pronunciation errors. For this reason, she is unable
to react to incorrectly modulated sentences,
incorrectly pronounced words, and missing words.
If she has recognized enough words, she just reads
on in the script and may miss some serious errors.
* Fun and acceptance: The students were
enthusiastic about reading with Alexa. In the
interviews, the following statements were noted in
response to the question about willingness to
continue using the Skill for reading practice in the
future: "In a bilingual script I would use the app to
learn English", "Yes, when can I download the app
for Alexa?", "There should be a lot more books in
the app".

Due to clear pronunciation and modulation, Alexa
acts as a good speech model. However, the speech
recognition varies widely, hence affecting reliability
to provide mispronunciation corrections or error
feedback.
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Figure 3: Usability Test with Amazon Alexa.

For example, Alexa is not able to distinguish

between pronunciation errors, reading speed or
incorrect modulation. Either the keywords defined in
the Skill match the voice entry and Alexa can continue
reading in the script, or there is no match and Alexa
asks the student to make the voice entry again. This
problem caused confusion among the students. Here,
the Alexa software appears to be the source of the
problem. Although the commands can be used at any
time, making it easier to get started with the Reader’s
Theatre, this option can also cause confusion and
disorientation if Alexa misunderstands the student
hence causing her to switch erratically between
different parts of the text. On the one hand the gaming
character of the built-in error score is an added feature
that is found to motivate the students. On the other
hand, it may also put students under pressure to
perform well. The overall positive student reaction to
Alexa as a reading trainer resulted from the intuitive
functionality and ease in use. The students expressed
their interest in using Alexa to train their reading
skills.
According to the Design-Based Research approach,
the re-designing of the Skill should take place after
further analysis of the evaluation results. The
prototype should be further developed according to
the results of this study.

8 DISCUSSION

Although methods for training reading fluency, such
as MELT, require a reading partner, not every student
has the opportunity to practice reading with a partner



outside of school lessons. For this reason, a digital
tutor can be useful for reading training. According to
Aist et. al. (2001) a digital tutor has been shown to be
a good alternative for those students who require a
partner. The study of Aist et. al. examined the
learning of vocabulary with the help of oral reading.
Traditional teaching was compared with one-to-one
teaching, both with human tutors and with digital
tutors. The results of this study showed that third
graders who learned with a human and digital tutor
demonstrated equally improved word comprehension
and passage comprehension.

The results of this study further prove that Alexa
can be used for reading practice despite some
deficiencies in the quality of speech recognition.
Moreover, this study has found that students were
better motivated to practice their reading skills in
future with Alexa. These findings align with Madnani
et. al. (2019) interviews of 25 children who used
MyTurnToRead. In that study, the children said they
would be interested in using this digital application in
the future. The research has thus revealed that
students who learn with a tutor, in addition to the
traditional classroom lessons, are more likely to
improve their reading skills significantly. Moreover,
these studies have also demonstrated the overall
student acceptance of digital tutors. The findings in
this research with Smart Speaker Alexa as a digital
tutor has enriched the field with further evidence of
its importance for developing reading skills. While
the study demonstrated some technical limits, it also
revealed opportunities that should be developed in
future studies.

9 SUMMARY AND OUTLOOK

In the context of a DBR approach the question was
addressed in which way Amazon Alexa could be used
as a reading assistant in the context of MELT. A
prototype of an Alexa was designed, implemented
and evaluated by iterative tests. The technical
potentials and limits of Alexa as an exercise partner
for MELT were determined. The results are positive
despite various limitations. In specific, our first
evaluation suggests that commercial language
technology could be effectively applied to support
students in self-directed learning scenarios, despite
the clearly existing deficiencies in speech recognition
quality. Furthermore, it appears that the overall
positive usability of the system leads to a high level
of acceptance by the learners. It should be noted that
due to the small number of student participants in this
study, the results are limited. However, further
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investigation with a larger number of students is
required, as is a deeper focus on language teaching
methods. In addition, a more detailed analysis of
ethical aspects and privacy issues, such as data
retention, may be required. Although some effects of
digital media has been found to negatively impact
student social interaction, here Alexa should be seen
solely as a supplemental tool for school work and as
a support for learning, and not as an additional social
media diversion. The purpose of Alexa is to aid
students who lack a reading partner at home and who
have a need to practice their Reader’s Theatre texts.
In future, various teaching scenarios could be
developed: for example, the perspective of
collaborative learning. Additional functionalities of
Amazon Alexa in terms of Alexa Show, e.g., the
parallel presentation of word definitions or
translations, carry the potential to enhance the
presented scenarios. However, in order to use Alexa
long-term, the technical infrastructure in the school
would have to be adapted. The students require a
stable Internet connection and access rights to Alexa
Echo devices, or mobile devices. Finally, teachers
require media competence and technical instruction
to ensure its use in the classroom.
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