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Abstract—Computer-Assisted Language Learning is being
transformed by the use of humanoid robots combined with
Wikipedia-based information access and CogInfoCom systems.
The learner’s engagement in language-learning dialogues is
strengthened by the robot’s non-verbal behaviour such as nod-
ding, gesturing and face-tracking, and the learner’s level of
interest can be estimated by monitoring the learner’s non-verbal
signals through gaze-tracking and proximity measurement.

In this paper we discuss new approaches in which robot-
assisted language learning is further enhanced by the use of
CogInfoCom channels to extend the learner’s engagement and
interest. We focus on the robot’s use of Wikipedia-based in-
formation access to greatly extend the range of topics that the
robot can talk about during language-learning spoken dialogues,
and describe natural language processing techniques to generate
questions from Wikipedia information, so the robot can ask new
questions about the learner’s preferred topics. We predict that the
learner’s interest level is increased when the learner can navigate
in Wikipedia to dialogue topics of personal interest rather than
being restricted to topics chosen by the teacher.

I. INTRODUCTION

Computer-Assisted Language Learning (CALL) is being
transformed by the use of humanoid robots combined with
Wikipedia-based information access and CogInfoCom systems.
In this paper we review several aspects of CALL where these
recent developments in technologies can bring benefits. The
paper is structured as follows.

In Section II we discuss fundamental issues in CALL,
including the hypothesis that the effectiveness of one-on-one
tutoring is due to the dialogue between the tutor and the stu-
dent, and that it is the interactive nature of that dialogue which
accelerates learning. We also discuss whether peer learning
systems make it easier for students to take the initiative, and
whether learning is more effective when the student takes the
initiative, rather than merely when there is interaction.

In Section III we stress the importance of multimodal in-
teraction in dialogue-based CALL with humanoid robots. The
learner’s engagement in the dialogue is strengthened by the
robot’s non-verbal behaviours such as nodding, gesturing and
face-tracking. We propose that the learner’s level of interest
can be estimated by monitoring the learner’s non-verbal signals
through gaze-tracking and proximity measurement.

In Section IV we propose new methods in which CALL is
further enhanced by the use of CogInfoCom channels to extend
the learner’s engagement and interest. We focus on the use
of Wikipedia-based information access to greatly extend the

range of topics that the robot can talk about during language-
learning spoken dialogues. We also describe natural language
processing techniques to generate questions from Wikipedia
information, so the robot can ask new questions about the
learner’s preferred topics. We predict that the learner’s interest
level will be increased when the learner can navigate to
dialogue topics of personal interest in Wikipedia rather than
being restricted to topics chosen by the teacher. In future work
the question generation method will also be used for automatic
evaluation of the learner’s listening comprehension level.

II. COMPUTER-ASSISTED LANGUAGE LEARNING

Computer-assisted language learning (CALL) systems are
often used by individual language learners because large-group
lessons do not offer enough individual interaction with the
teacher and one-on-one tutoring is too expensive. The reason
one-on-one tutoring is considered desirable is that expert one-
on-one human tutors are believed to provide better instruction
than computer tutors or classroom teaching.

A. CALL and Interactivity

The standard hypothesis is that the effectiveness of tutoring
is due to the dialogue between the tutor and the student,
and that it is the interactive nature of that dialogue which
accelerates learning. That is, if students simply read or listen to
an explanation instead of participating in a dialogue, learning
is less effective. However, VanLehn et al. [1] showed that this
is not always true; reading or listening can sometimes be as
effective as one-on-one interactive human tutoring.

In a recent study, Albacete et al. [2] accept that research
on one-on-one human tutoring has shown that its highly
interactive nature accounts for its effectiveness, but claim that
machine-learning analyses of automated tutoring indicate that
neither the amount of interaction during tutoring (e.g., the
frequency of exchanges, such as question-answer exchanges),
nor the granularity of the interaction (e.g., whether an exchange
addresses a problem-solving goal or its sub-goals) predict how
much students learn from tutoring. Rather, the key features of
tutorial dialogue are what content is addressed and how it is
addressed in a particular context.

Albacete et al. [2] note that approaches such as Speech Act
Theory can classify the intentions associated with utterances
during a dialogue (to ask a question, to make an assertion)
and can highlight interaction patterns, but cannot capture
how information in the tutor’s turn relates to information
in the student’s turn, and vice versa. They believe that the



relation between the information in the turns is important
for highlighting where knowledge co-construction [3] may be
taking place, and they prefer Rhetorical Structure Theory [4]
which captures both informational and intentional relationships
between parts of a dialogue.

B. CALL, Tutoring and Peer Learning

A key issue in CALL research concerns the differences
between tutoring systems and peer learning systems. Tutoring
systems are based on a hierarchy where the tutor is the expert
and the student is the learner. Collaborative or peer learning
systems avoid this hierarchy and students learn together by
interacting on an equal basis. One question is whether peer
learning systems make it easier for students to take the
initiative in learning situations.

The hypothesis is that learning is more effective when
the student takes the initiative more often, rather than merely
when there is more interaction. In some tutoring scenarios the
interaction may be controlled by the tutor and the initiative
may be taken only by the tutor and not by the student.

In research on computer-supported collaborative learning
(CSCL) there is a hypothesis that learning is most effective
when knowledge co-construction [3] takes place, and further
that this is more likely in peer learning situations. Kersey et al.
discuss knowledge co-construction and initiative-taking in peer
learning interactions [5] and describe a peer learning agent that
encourages students to take the initiative [6].

C. Joining-in-type CALL

A novel scenario when using humanoid robots to support
language learning is to have two robots in front of the student
in the CALL set-up, one robot taking the role of a language
teacher (i.e. a tutor) and one robot taking the role of a language
learning student (i.e. a peer) [7]. This allows the explicit
instruction methods of tutoring systems to be used by the
teacher robot, while the implicit co-construction methods of
peer learning systems can be exploited through the role of the
student robot.

In this set-up, a flexible system can switch between the two
approaches, starting with traditional tutor-initiated interactions
between the tutor robot and the student robot when the human
student is passive and merely observes and listens to the robots,
but switching smoothly to a peer learning and knowledge co-
construction approach if the human student shows a desire to
take the initiative. Because this scenario invites the student
to join in the dialogue it is called a joining-in-type humanoid
robot assisted language learning system [7].

Joining-in-type learning systems may have advantages in
situations where the student finds it stressful to participate in
face-to-face interaction. Learners of a second language (L2)
are often able to follow a spoken L2 dialogue when listening
passively, but find it difficult to step in and speak actively in
L2. Cultural differences need to be taken into account, for
example many Japanese learners of English find it stressful if
they are suddenly required to say something in English without
time for thinking and preparation.

III. CALL, MULTIMODALITY AND ROBOTS

Speech is the primary modality of interaction in dialogue-
based CALL, and recent advances in speech technologies have
made spoken dialogue-based CALL systems more effective
than in the past. Speech synthesis can quite easily be modified
for language learning dialogues, for example by slowing the
speech rate to suit the ability of the learners. However, speech
recognition for second language learners is particularly difficult
due to pronunciation errors as well as lexical and grammatical
errors.

In order to address these problems, a corpus of speech by
second language learners has been collected for use in research
[8]. Problems in automatic speech recognition for the speech
of second language learners are discussed by [8], and problems
in grammatical error recognition are discussed by [9].

Human face-to-face dialogues are intrinsically multimodal,
involving not only speech but also eye contact, facial expres-
sions, nods and gestures, body posture and proximity. For
second language learning with CALL systems, as many as
possible of these modalities need to be included in order to
better prepare the learner for real face-to-face interaction. In
order to address the problems of second language learners
in face-to-face dialogue situations, a multimodal corpus of
dialogues by second language learners has been collected for
use in research [10].

Based on this corpus, Yamamoto et al. [11] show that in
dialogues by second language learners a speaker of lower L2
proficiency pays attention to the speech of a partner of higher
L2 proficiency, and further, the speaker of lower L2 proficiency
tends to mimic the utterances of the partner of higher L2 profi-
ciency. This phenomenon was observed in human conversation.
Khalifa et al. [7] propose that by simulating this phenomenon
in conversations among two humanoid robots and a human
learner of low L2 proficiency, in the joining-in-type CALL
described in Section II-C, learners will be given a chance to
integrate implicit and explicit language learning.

A. CALL and Humanoid Robots

Humanoid robots offer many advantages over traditional
CALL systems for dialogue-based language learning, because
the range of behaviours of humanoid robots includes nodding,
gesturing, body posturing, moving closer or further away, and
eye-contact (face-tracking). Robot assisted language learning
systems promote and improve learners’ satisfaction, interest,
confidence, and motivation [12] and are therefore a promising
current area of research and development.

Dialogue-based CALL systems with a robot require at
least the capability to maintain a spoken dialogue with the
human partner. However, to take advantage of the wide range
of potential behaviours of humanoid robots, the design of
the human-robot interaction needs to be multimodal, includ-
ing nodding, gesturing, and so on. The WikiTalk spoken
information access system [13], [14] provides the required
capability for maintaining a spoken dialogue with the user
as well as providing Wikipedia-based information access. The
multimodal version of WikiTalk for humanoid robots [15], [16]
also includes nodding, gesturing and face-tracking among its
multimodal robot behaviours.



We intend to develop new types of spoken dialogue-
based CALL systems by integrating them with the WikiTalk
spoken information access system and multimodal human-
robot interaction capability. We believe this will be especially
effective with the joining-in type of CALL system described in
Section II-C. Proposals for further advancing such systems by
exploiting natural language processing techniques are outlined
in Section IV.

B. WikiTalk

WikiTalk is an interactive spoken dialogue system for
Wikipedia-based open-domain information access. The system
talks about a given topic, and the human partner then chooses
to hear more about the current topic, to shift to a related topic
that is linked from the current Wikipedia entry, or go back,
repeat the last part, and so on. As well as user-initiated topics,
the system suggests new topics, for example from the daily
”Did you know?” items in Wikipedia.

The first version of WikiTalk was developed in 2011
using Pyrobot (Python Robotics) and Windows Speech Engine,
and is described by [17] and [14]. WikiTalk is founded on
the theory of Constructive Dialogue Modelling [18], which
integrates topic management, information flow, and the mutual
construction of shared knowledge in the conversation using a
set of four enablements (Contact, Perception, Understanding,
and Reaction). The implementation of the Constructive Dia-
logue Modelling architecture on the Nao robot for multimodal
interaction is shown in Figure 1.

Fig. 1. Architecture of WikiTalk for humanoid robots, from [15].

The Nao humanoid robot version of WikiTalk was devel-
oped in 2012 at the 8th International Summer Workshop on
Multimodal Interfaces in Metz, and is described by [16]. This
version was extended with multimodal behaviours including a
range of gestures for specific communicative functions. Issues
in the integration of speech and gestures in WikiTalk are
described by [19]. Experiments were also made on recognising
the human partner’s non-verbal cues using vision for gesture
recognition and using sonar sensors for speaker proximity
detection. Non-verbal cues and initial measurements of the
preferred proximity distance between human and robot are
described by [20].

A multilingual verion of WikiTalk was developed in 2014,
initially for English and Finnish, and is described in [21].

The system now also works in Japanese [22], and can switch
languages on request [23].

An evaluation of user interaction with WikiTalk is pre-
sented by [24]. This initial evaluation confirms that the user’s
engagement in the dialogue is strengthened by the robot’s non-
verbal behaviour such as nodding, gesturing and face-tracking.
It is expected that the engagement of language learners in
dialogue-based CALL will also be strengthened by the same
factors in the robot’s non-verbal behaviour. Moreover, it is
hoped that the learner’s level of interest can be estimated
by monitoring the learner’s non-verbal signals through gaze-
tracking and proximity measurement.

IV. CALL, COGINFOCOM AND NLP

Cognitive infocommunications (CogInfoCom) is a multi-
disciplinary field drawing on informatics, infocommunications
and cognitive sciences. The WikiTalk system can be viewed as
a CogInfoCom channel, according to the following definition:

In a large part of our research, our goal is to cre-
ate CogInfoCom channels through which artificially
cognitive systems can communicate information to
the user in a way that appeals to the users cognitive
capabilities. [25]

By using WikiTalk, the robot’s interaction capabilities are
greatly extended by enabling it to talk about an unlimited range
of topics. The humanoid robot with WikiTalk can be regarded
as a cognitive robot, since it can reason about how to behave in
response to the user’s actions. However, in the broader sense,
the combination of the robot and WikiTalk is also viewed as
a cognitive infocommunication system, as it allows users to
interact via the robot with Wikipedia content that is remote
and maintained by a wider community [16].

A. CALL and Unrestricted Topics

In previous work on CALL, the topics for exercises have
been restricted to those for which the teacher has prepared
materials in advance. By contrast, Wikipedia-based informa-
tion access enables the range of topics that the robot can talk
about to be greatly extended [14]. In effect the range of topics
becomes unrestricted, and this kind of spoken dialogue system
can be said to be open-domain [13].

When the learner can navigate in Wikipedia to dialogue
topics of personal interest rather than being restricted to topics
chosen by the teacher, the learner’s overall interest level is
expected to be higher. This hypothesis will be tested by
empirical evaluation in future work.

Given access to information on a specific topic in the form
of a Wikipedia text, natural language processing techniques
can be used to generate questions from this information. This
enables the robot to ask new questions about the learner’s
preferred topics, instead of being restricted to questions that
the teacher has prepared in advance.

B. CALL and Question Generation

An example of question generation in spoken information
dialogues is described by Misu and Kawahara [26]. As they
point out, question generation first requires the identification



in the texts of specific named entities that the questions can
be asked about. In addition, generation of the appropriate
question form (who?, what?, where?, when? etc.) requires
the classification of the named entities as persons, things,
locations, times, etc.

The dialogue system described in [26] performed the
functions of a city sightseeing guide and was based on a
finite set of preselected texts. We are now applying similar
techniques to open-domain information access with constantly
updated sources in Wikipedia. In order to do this, we take
advantage of recent developments in named entity recognition.
Specifically, we employ wikification techniques [27], [28] to
identify the named entities in Wikipedia texts, using software
such as Wikipedia Miner [29].

In future work it is expected that the question generation
method will also be extended to develop methods for automatic
evaluation of the learner’s listening comprehension level. This
automatic evaluation will also become feasible even for new
and previously unseen topics, whether they are selected by the
learner or by the system.

Other areas where natural language processing can be
used to improve language learning systems include controlling
factors such as sentence length or grammatical complexity.
Techniques from natural language generation research have
already been used to generate texts that are suitable for
different levels of reading ability [30]. Similar techniques need
to be applied in spoken dialogue-based CALL systems.

V. CONCLUSION

In robot-assisted language learning the learner and the
robot participate together in spoken dialogues. The learner’s
engagement in the dialogue is strengthened by the robot’s non-
verbal behaviour such as nodding, gesturing and face-tracking,
and the learner’s level of interest can be estimated by mon-
itoring the learner’s non-verbal signals through gaze-tracking
and proximity measurement. In this paper we introduced new
approaches in which robot-assisted language learning is further
enhanced by the use of CogInfoCom channels to extend the
learner’s engagement and interest.

We focussed on the use of Wikipedia-based information
access to greatly extend the range of topics that the robot
can talk about during language-learning spoken dialogues, and
described natural language processing techniques to generate
questions from Wikipedia information, so the robot can ask
new questions about the learner’s preferred topics. We predict
that the learner’s interest level is increased when the learner
can navigate in Wikipedia to dialogue topics of personal
interest rather than being restricted to topics chosen by the
teacher.
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