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Influence of the NAO robot as a teaching assistant on
university students’ vocabulary learning and attitudes

Hossein Banaeian, llkay Gilanlioglu
Eastern Mediterranean University, North Cyprus

This study investigated how the NAQ robot as a teaching assistant affects the way university
students learn vocabulary and their attitudes towards it. A mixed method approach was
followed to gather both quantitative and qualitative data. A quasi-experimental design,
including a pre-test and a post-test, was employed to explore the impact of the NAO robot
on students’ vocabulary learning. Moreover, a questionnaire and an interview were used to
identify the attitudes of the participants towards the NAO robot. The participants, who were
taking a vocabulary course for language improvement as part of the regular curriculum of the
program during the experiment, were freshman students of the English language teaching
undergraduate program at a higher education institution in North Cyprus. Of the two groups,
the control group performed slightly better than the experimental group even though the
analyses did not show any statistically significant difference between them. Descriptive data
analysis showed that most of the students liked the NAO robot and its abilities. However,
related findings from the qualitative data were mixed. Most participants liked the NAO robot
and thought that the robot helped them to learn the new words, while some thought that the
technology needed to be improved.

Implications for practice or policy:

e Evidence of vocabulary gains and students’ generally positive attitudes mark the NAO
robot as a promising tool in language learning and teaching.

e The benefits and drawbacks of the NAO robot should be taken into account prior to its
integration into second language vocabulary learning and teaching.

e Inalignment with the continuous assessment of developments in robot-assisted language
learning research, teachers should be provided with professional training for using the
NAO robot effectively with various learners.

Keywords: NAO robot, RALL, computer-assisted language learning (CALL), attitudes,
vocabulary learning and teaching, mixed method

Introduction

A sufficient command of vocabulary is an important component of any language, enabling people to
communicate. In other words, communicating in a particular language is almost impossible without
sufficient lexical knowledge, which involves receptive and productive aspects of words (Nation, 2001).

Vocabulary has gained more prominence as we have come to know more about its nature and behaviour as
an outcome of the employment of the computer in language data analysis. The availability of the computer
and modern software revolutionised the ways in which corpora is lexically analysed. Lexical analysis of
large texts changed radically, that is, from manual analysis to digital analysis (Kennedy, 2014), and from
intuition-driven analysis to systematic data-driven analysis (Hunston, 2002).. As a result, the frequencies
of different meanings of polysemous words, concordances and collocations became available, which
increased lexical awareness and led to endeavours ranging from lexicography to pedagogy. From this
renewed perspective, corpus-based dictionaries (e.g., Collins COBUILD English Language Dictionary —
Sinclair, 1987) and dictionaries of collocations (e.g., Longman Collocations Dictionary and Thesaurus —
Cleveland-Marwick, 2013) have been produced. This linguistic evidence has impacted pedagogical
practices in vocabulary teaching; that is, the choice of which vocabulary to teach and how to teach it (Cehan,
2014; Willis, 1990). Computer technology advances have offered various digital devices, which recently
have become even more commonly employed, particularly in language learning and teaching. As an
application for vocabulary, Dalton and Grisham (2011) suggested 10 ways (known as eVoc) of integrating
technology with learning and teaching vocabulary (p. 306).

71



Australasian Journal of Educational Technology, 2021, 37(3). AJET _ n ASC

Computers as digital devices have been used to make vocabulary learning easier and more effective. Some
studies within the realm of computer-assisted language learning in the last few decades (e.g., Hung et al.,
2016; Nejati et al., 2018; Yanguas, 2009) have reported that computer use can positively impact language
learning, and vocabulary learning in particular. Portable devices as derivatives of computer technology
soon succeeded the computer and made their way into our lives as well as education. The use of mobile
devices for language learning is known as maobile-assisted language learning. Similar to the evidence in
computer-assisted language learning, many studies (e.g., Browne & Culligan, 2008; Motallebzadeh &
Ganjali, 2011) found that mobile devices positively affect vocabulary learning.

More recently, a new type of computer technology has been introduced — robots. With their intelligence,
mobility and high capability, robots have even featured in catering (e.g., ASIMO — the Japanese robot;
Chen et al., 2010). Robots have also been used for educational purposes. However, using robots in
educational contexts does not have a long history. Papert (1993) was the first person to use an educational
robot. Robots are usually used to teach science, mathematics and languages. Employing robots in
facilitating language instruction is known as robot-assisted language learning (RALL; Han, 2012).

So far, RALL research has looked into the impact of the robot on young learners (e.g., Aidinlou et al., 2014;
Hong et al., 2016); however, the influence of this technology on adult language learners and their attitudes
towards it remains unexplored but for a few exceptions (e.g., Rosenthal-von der Pitten et al., 2016; Schodde
et al., 2017). Hence, this study was conducted to determine the possible effect of a humanoid robot on
university students’ vocabulary learning, specifically word meaning, and their attitudes towards it. The
study sought to answer the following research questions:

e Could arobot as a teaching assistant aid students’ vocabulary learning?
e What are the students’ attitudes towards the robot and using it for vocabulary learning?

Literature review
Robot use and vocabulary learning

The importance of vocabulary has been demonstrated by many scholars (e.g., Nation, 2001; Read, 2000;
N. Schmitt, 2000; N. Schmitt et al., 2001). Knowing a word means being aware of its productive and
receptive aspects, which are related to writing and speaking skills, and listening and reading skills,
respectively (Nation, 2001).

In order for learners to master both productive and receptive aspects, they should be exposed to words
through diverse channels (Meghdari et al., 2013). In other words, learners should receive input from various
sources in different forms, which reinforces the vocabulary in the mind of the learner. Thus, including
several types of stimuli in the vocabulary learning and teaching process is of great importance. Moreover,
it is well known that learners have different learning styles, adding to the significance of utilising a variety
of stimuli. Therefore, using robots such as the NAO robot, which are able to perform various functions
(e.g., native speaker accent, gestures, body movements and actions), can be more effective in comparison
with previous technologies.

Transferring the newly learned word from short-term to long-term memory is a crucial step in the
vocabulary learning process. Robots can be used to reinforce this transfer as they have attributes such as
interaction, repeatability, humanoid appearance, intelligence and adaptability (Meghdari et al., 2013). To
provide theoretical justification for using the humanoid robot in language learning, and specifically
vocabulary learning, we will draw on the two most relevant features. Interaction enables learners to engage
in meaningful exchanges, which promotes language use and therefore facilitates language acquisition. It
has been claimed that conversational interaction is necessary for second language learning (Gass, 1997; M.
Long, 1996; M. H. Long, 1983; Pica, 1994). The processes of modified interaction (M. H. Long, 1983) and
negotiation for meaning and corrective feedback are essential in second language acquisition (M. Long,
1996). Student-robot interaction approximates to human-human interaction in that it offers opportunities
for asking and answering questions, giving examples, repeating utterances, checking comprehension and
correcting themselves. Thus, a robot appears to be a useful conversational partner for interaction, which
can facilitate vocabulary learning in particular and language learning in general. Repeatability can be
employed to foster vocabulary learning through repeated exposure (Hiebert & Kamil, 2005; Nation, 2001;
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Thornbury, 2002) and recycling (Cameron, 2001). The NAO robot possesses all the above-mentioned
characteristics, providing an opportunity for learners to assimilate new words and incorporate them into
their lexical knowledge.

Robot use may also help reduce learners’ anxiety and increase their motivation. Many studies (e.g.,
Aidinlou et al., 2014; Alemi et al., 2017; Shin & Shin, 2015) have revealed that robot use can not only
reduce the anxiety of the learners but can also incentivise them, which may lead to better language learning.
Such findings are in line with Krashen’s (1982) affective filter hypothesis, which is concerned with the
reduction of students’ anxiety and stress. Robots can make vocabulary learning tasks more interesting and
enjoyable. This means that the tasks will be catchier; thus, students will be more engaged, and in this way
active inquiry will be promoted (McClanahan, 2014). Particularly for adult learners of English as a foreign
language, learning vocabulary through interaction with a robot with a native-speaker accent may be a great
source of motivation. We can conclude from the discussion in this section that the NAO robot possesses
many distinctive characteristics befitting both theory and research, well justifying its deployment.

In the following sections, we will look at RALL and some studies that have integrated robots into language
learning.

RALL

Robots have more capabilities in comparison with computers and mobiles. Robots are intelligent and able
to work autonomously. They can act like a person and may have a personality and a history. These devices
are able to listen, talk and walk. There are two major types of robots — hands-on and educational. The first
type is used in science and engineering to increase the students’ creativity; the second type is more
appropriate for tasks such as language learning and teaching. The main characteristic of educational robots
is artificial intelligence, which enables them to act independently or be operated remotely (for a review of
different types, see Aidinlou et al., 2014).

Educational robots can play a variety of roles in the classroom to facilitate the learning process. These roles
are diversified with some degree of overlap by scholars. According to Mubin et al. (2013), robots can play
the role of a tool, a peer or a tutor. Aidinlou et al. (2014) suggested a set of three categories: learning
material, learning companion/pets and teaching assistant. Within these roles, robots can perform several
activities, such as storytelling, question and answer and cheerleader (p. 16). There are many factors, such
as task type and students’ needs, that can affect the role that robots play.

In the light of the literature, the NAO robot’s capabilities and the context of this study were carefully
considered, and it was decided that the NAO robot be used as a teaching assistant. This particular role was
thought to be most suitable for the given context, in which adults are taught vocabulary interactively. The
NAO robot was seen as a complementary tool in teaching rather than as a substitute for the teacher. It was
programmed to facilitate vocabulary learning by providing word meaning, examples and feedback in
interaction with students. Used in its full capacity, the NAO robot was intended to boost vocabulary learning
in several respects. First of all, the robot represented another example of diverse channels, through which
students were exposed to word meaning in addition to the coursebook and the teacher. The students also
had the chance to negotiate for meaning. During this interaction, multiple exposures to word meaning were
available. They could ask the robot to repeat the answers again and again. Lastly, as also discussed in the
literature, robot use can decrease learner anxiety and increase motivation, which may lead to better
vocabulary learning. In brief, the presence of the robot used in its predefined role provided a context for
students where they could learn vocabulary better through interaction, negotiation for meaning and repeated
exposure to various stimuli.

Related studies

RALL research is varied in language focus, learner characteristics, robot features and method of use. So
far, it has mostly focused on young language learners with few exceptions, in which certain language skills
and language areas have received varying attention. There has also been some research into the impact of
the robot on learners’ attitudes and motivation. These studies differed in terms of robot type, role employed
and method of use.
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Concerning reading skills, robots may help young learners as either an assistant or a tutor (e.g., Hsiao et
al., 2015; Hyun et al., 2008). Regarding speaking, however, the findings seem to be mixed (van den Berghe
et al., 2019). Although some studies have reported a positive effect on the speaking skills of school-aged
language learners (e.g., Lee et al., 2011; Wang et al., 2013), others have not found such an impact on the
same age group (e.g., Hong et al., 2016; In & Han, 2015). Interestingly, the studies conducted by Lee et al.
and In and Han took place in the same context (South Korea) with learners of the same age group, but they
produced conflicting results. On the other hand, studies concerned with the same language skill (i.e.,
speaking) where adult learners were involved revealed positive and more consistent results (e.g., lio et al.,
2018).

In the latest literature, two studies have so far explored the impact of a humanoid robot on the grammar
learning of school-aged language learners, both of which reported a positive influence (e.g., Herberg etal.,
2015; Kennedy et al., 2016). With regards to vocabulary learning, research has produced mixed results.
While some (e.g., Gordon et al., 2016; Movellan et al., 2009) reported small or no gains by young learners,
substantial gains were found by others (e.g., de Wit et al., 2018; Tanaka & Matsuzoe, 2012). A similar
discrepancy exists between studies targeting school-aged participants and adults. More specifically,
regarding school-aged language learners, some studies (e.g., Meiirbekov et al., 2016) reported small
vocabulary gains (3 out of 10 words), while others (e.g., Alemi et al., 2014; Eimler et al., 2010) found
substantial gains. For adults, substantial vocabulary gains were reported; however, no significant difference
was found between the study groups (Schodde et al., 2017).

Another related line of research into the relationship between robot use and affective factors, such as
motivation and attitudes, depicts the favourable effects of robots on students’ engagement, confidence and
motivation (e.g., Alemi et al., 2017; Hsiao et al., 2015; Shin & Shin, 2015); however, students’ satisfaction
and how this technology affects their motivation and attitude need to be further explored. Finally, it should
be noted that these mixed findings may be rooted in different types of robots, the role of the robots and the
methods of use employed by the researchers. In terms of method of use, for instance, some studies,
including the present one, have used the robot autonomously (e.g., Alemi et al., 2014; de Wit et al., 2018),
while others have used the robot in a tele-operated fashion (e.g., van den Berghe et al., 2018). As a
consequence, there is a clear need for systematic studies on the possible impact of robot use on adults’
vocabulary learning and learners’ attitudes. The current study attempts to fill this gap.

Method
Aims of the study

This study aimed to determine whether the NAO robot as a teaching assistant has an effect on adult language
learners’ vocabulary learning and to identify their attitudes towards this technology and its use.

Setting and participants

This study was conducted in an English-medium higher education institution in North Cyprus. The
participants were freshman students of the English language teaching undergraduate program taking a
vocabulary course — one of the compulsory language improvement courses in the curriculum — and two
instructors teaching the course. Participation was voluntary, and written consent was obtained in advance
from all participants — instructors and students.

This study was conducted in the spring semester of the 2017-2018 academic year. Prior to the study, a total
of 65 students had been divided by the department administration into two fairly homogenous classes
according to their proficiency test scores (33 students in one class and 32 in the other). A combination of
convenience sampling and purposive sampling techniques was applied (Creswell, 2009). We had
convenient access to the two classes of students but were not granted the opportunity for randomisation.
Accordingly, a quasi-experimental research design was employed, where one class was designated as the
experimental group (henceforth referred to as the RALL group) and the other as the control group
(henceforth referred to as the non-RALL group). Furthermore, purposive sampling was used to make the
sample as representative as possible. Based on the pre-test results, 18 students from each class qualified to
be participants in the study. Those eliminated continued to attend their regular class in order to sustain
integrity and to avoid disruption; however, their vocabulary learning performances were not considered.
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Nevertheless, as the RALL group experienced the whole process and were exposed to the NAO robot, they
were eligible to participate in the questionnaire on attitudes.

The RALL group consisted of 6 males and 12 females, with an average age of 20.44 (SD = 2.03). The non-
RALL group was composed of 4 males and 14 females, with an average age of 19.61 (SD = 1.94). Twenty-
nine of the 33 students in the RALL group volunteered to fill in the questionnaire designed to determine
students’ attitudes. Ten of those who completed the questionnaire participated in the interview. Three of
the interviewees were male, and the rest were female. It should also be noted that two of them (both females)
were native speakers of English. Therefore, the interviewees were divided into native participants (NP) and
non-native participants (NNP).

Instruments

The NAO robot

The NAO robot, designed by the Aldebaran Robotics company in 2008 in France (taken over by SoftBank
Robotics in 2012), is a humanoid social robot which can work autonomously or be tele-operated. This
makes it an appropriate option with high flexibility which can be used in different learning contexts. It is
58 centimetres tall and weighs 5.6 kilograms. An ATOM Quad core processor with 4GB RAM enables it
to process the programs quickly and act accordingly. It can be programmed to speak about 20 languages
with a native accent.

The NAO robot is equipped with an audio system which includes voice recognition. Another feature is its
face detection system using two digital cameras installed on its face. Thanks to this facility, the robot is
able to detect human faces and make eye contact. Mobility is another important characteristic of the NAO
robot. With the help of flexible joints, it moves like the human body does (i.e., walks around, bends, dances
and gets back on its feet when it falls down). These systems and functions enable the robot to keep track of
its interactants even while they are moving around (for further details on the robot, refer to
http://www.softbankrobotics.com/emea/en/nao). Similar to the human body, the vital parts (such as the
processor, audio system and the face detection system) are located in the head of the NAO robot. Figure 1
illustrates the NAO robot’s technical features.

The NAO robot: Technical Features _

Processor ATOM

Quad core 1.91 GHz I
RAM : 4GB DDR3 Face Detection
32GB SSD
Two digital cameras
Audio : Emotions
Voice Synthesis/ “  Receiver and Eyelids

Voice Recognition e
(Two Loudspeakers,
Four Microphones)

Figure 1. Technical features of the NAO
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The pre-test

A pre-test took place in a formal class session to check the familiarity of learners with the 88 words taken
from their coursebook Focus on Vocabulary 2: Mastering the Academic Word List (D. Schmitt & Schmitt,
2011), which had been selected by the department. This vocabulary test is an adapted version of a task in
the coursebook. This task was adapted by asking students to provide proof of their knowledge of the word
by giving an example or its meaning. The test is a reliable tool for checking learners’ familiarity with words
(Nation, 2001). The purpose of this test was to identify a list of words which were completely unknown to
the participants; therefore, it was chosen to eliminate the chance factor. The words were selected in
consultation with course instructors from upcoming chapters. Only those words which were marked as
completely unknown at the receptive level (options 1 & 2 of the pre-test) were selected as the target words
(23 out of 88). The results also reduced the number of participants from 65 to 36, three of whom were
native speakers of English. Figure 2 presents a snapshot of the pre-test with a sample item with instructions.

Instructions: Your knowledge of the following words will be evaluated by this test. Be informed
that the result of this test will not affect your grade in this course. Please read the words and

choose one of the following options by crossing (X) the appropriate box.

1. Ido not know this word.

2. Ihave seen or heard this word before, but I am not sure about the meaning.

3. Tunderstand this word when I see it or hear it in a sentence, but I do not know how to use
it in my writing or speaking. (please write the meaning of the word if you know if)

4. Tkmow this word and I can use it in my speaking and writing. (please write the meaning
of the word or provide an example if you know it)

Words 1 2 3 - Meaning
Constitute

Induce

Radical

Figure 2. Sample item of pre-test with instructions

The post-test

A vocabulary test was adapted and administered in a formal class session to examine the students’
vocabulary knowledge after the treatment. A matching test was designed following N. Schmitt et al. (2001),
based on the target words. Figure 3 presents a sample item with instructions.
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Instructions: This is a vocabulary test. Your score on this test will not have an effect on vour
overall grade for this course. You must choose the right word to go with each meaning. Write the
number of that word next to its meaning. Here is an example.

1. business

2. clock __ part of ahouse

3. horse __ animal with four legs

4. pencil __ something used for writing
5. shoe

6. wall

You answer it in the following way.

1. business

2. clock _ 6_ part of a house

3. horse _ 3 animal with four legs

4. pencil _ 4 something used for writing
5. shoe

6. wall

Figure 3. Sample item with instructions from the post-test, adapted from N. Schmitt et al. (2001, p. 82)

This test is known to be a reliable instrument for examining vocabulary knowledge (particularly word
meaning) at the receptive level. The test was piloted with two adult native speakers of English. We were
assured that there was no ambiguity within the test. Additionally, an inter-rater reliability check between
two qualified English teachers was applied. The result was found to be kappa = 1.00 (p < 0.05), indicating
almost perfect agreement. Table 1 below illustrates how the kappa value can be interpreted:

Table 1
Interpretation of Cohen’s kappa (McHugh, 2012, p. 279)
Value of kappa Level of agreement % of data that are reliable
0-.20 None 0%—4%
.21-39 Minimal 4%-15%
40-59 Weak 15%-35%
.60-.79 Moderate 35%-63%
.80-.90 Strong 64%-81%
Above .90 Almost perfect 82%-100%

The questionnaire

Lee et al. (2011) used a questionnaire in English with a 4-point Likert scale to check the students’
satisfaction with the robots (i.e., Mero & Engkey). The Cronbach alpha reported in their study was .73. We
adapted this questionnaire by inserting a fifth option — neutral — in the scale and modifying a few items to
suit the context of the study. The Cronbach alpha of the adapted questionnaire used in the study rose to .88.

The interview

A semi-structured interview consisting of 9 open-ended questions was designed to find out what students
really thought about the NAO robot and its use. Interview sessions were conducted in English and lasted
10 to 15 minutes. The interview technique was used to collect qualitative data which could be triangulated
with the experimental and the questionnaire data. Interviews were recorded with the interviewees’
permission and later transcribed.

Procedures

The following section outlines the procedures followed in the three main phases: pre-experiment, while-
experiment, and post-experiment.

77



Australasian Journal of Educational Technology, 2021, 37(3). AJET A% ASCILITE

The pre-experiment phase

The pre-experiment phase involved a series of pre-planned stages followed systematically. Firstly, the robot
was programmed using the Choregraphe NAO software 1.14.5 (for more details, please refer to
http://doc.aldebaran.com/1-14/software/choregraphe/index.html) to function as a teaching assistant in
autonomous mode, providing answers to the students’ questions about the target words in two similar ways.
Students could ask the meaning of a target word in several ways. The student-robot interaction process is
illustrated in Figure 4.

Secondly, a meeting was held with the instructors of the two groups where the NAO robot’s abilities were
demonstrated. Within this session, the method of using the robot was discussed. The instructors were
briefed on the methodology of teaching vocabulary with and without the robot. For the sake of uniformity,
the method of teaching, the definitions and examples provided for the learners were all the same in both
groups, except that the RALL group was exposed to the robot. In addition, the RALL group instructor was
trained in using the robot appropriately in her classroom.

Thirdly, the pre-test was administered. According to the results of the pre-test, participants and target words
were selected. Both groups were given the test in a formal class session simultaneously. The final stage
comprised the introduction of the robot to the participants in the RALL group. This session aimed to
familiarise the participants with the robot’s capabilities, control for the novelty effect of the robot and help
reduce possible resistance. Studies have highlighted proper introduction of the robot (Vogt et al., 2017;
Westlund et al., 2016). Students interacted with the robot and asked the NAO robot some questions.
Additionally, some of the robot’s abilities, such as walking and dancing, were demonstrated to the learners.

1. ASK MEANING OF
A TARGET WORD

(i.e., IS IT CLEAR?)
4.IF YES—GO TO 8;
IFNO—=-GOTO5

5. PROVIDE ALTERNATIVE DEFINITION
AND EXAMPLE

6. COMPREHENSION CHECK
(i.e., IS IT CLEAR NOW?)

7.IF YES—=GO TO 8;
IFNO—-GO TO 9

8. PERFECT / GREAT

9. PLEASE ASK THE QUESTION
AGAIN (GO TO 1)

Figure 4. Student-robot interaction flowchart

The while-experiment phase

The experiment consisted of four sessions over 2 weeks. The participants in the RALL group had the chance
to interact with the robot. In each session, approximately 20 students out of 33 engaged in student-robot
interaction, involving dialogues of varying lengths. Here is an interactive set of exchanges between a
student (S1) and the robot (NAO) on the target word “integral”:
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S1: What is the meaning of the word integral?

NAO: Integral is an adjective. Integral means important and necessary as a part of whole.
For instance, he’s an integral part of the team and we can’t do without him. [first definition
and example] Is it clear? [comprehension check]

S1: No, it is not. Can you explain more? [negotiation for meaning]

NAO: Okay, let me explain it in another way. Integral means essential. Here is another
example: Bars and cafes are integral to the social life of the city. [second definition and
example] Is it clear now? [comprehension check]

S1: Yes, thank you.

NAO: Great!

The instructors performed vocabulary teaching in their classes as planned. That is, the target words were
presented to the learners in context (i.e., through a text), and definitions and examples of those words were
provided either by the robot (for the RALL group) or by the class teacher (for the control group). To provide
a richer image of the classroom, it should be noted that whenever students came across a new word (target
vocabulary), they were encouraged to ask about its meaning. Here, they had the chance to interact with the
robot and negotiate for the meaning. The NAO robot would provide meaning, examples, comprehension
checks and feedback. Once the meaning of the target word was established, the process would continue.

The classes of both groups were synchronised; that is, they were held at the same time on the same day of
the week. All of the learners had the chance to interact with the robot and ask about the meaning of the
words. Even though some did not ask about the meaning on some occasions, they were still exposed to
answers provided by the robot in response to questions asked by others in the RALL group, and by the
teacher in the non-RALL group.

The post-experiment phase
Upon completion of the experiment, students were given the post-test. The RALL group also filled in the
questionnaire on the same day. Subsequently, 10 of those students volunteered to be interviewed.

All in all, the systematic procedure, which lasted 1 month, is outlined in Figure 5 in the form of a flowchart
covering the main stages involved.

PROGRAMMING

A

MEETING WITH INSTRUCTORS (DISCUSSION AND TRAINING)

\:

PRE-TEST

\A

INTRODUCTION OF THE NAO ROBOT TO RALL GROUP

!

CONSENT FROM PARTICIPANTS

\:

EXPERIMENT

\:

POST-TEST

\:

QUESTIONNAIRE

\:

INTERVIEW

Figure 5. Flowchart of the procedure

79



Australasian Journal of Educational Technology, 2021, 37(3). AJET _ n

Data analysis and results

The quantitative data were analysed using SPSS version 22. The independent samples t test was used to
compare the results of the post-test to those of the pre-test. Descriptive statistics were obtained by analysing
the questionnaire data. Interviews were transcribed and qualitatively analysed to identify the major themes
reflecting the RALL group’s reactions to the use of the NAO robot. The results are presented in two parts
with reference to the research questions.

The NAO robot’s impact on vocabulary learning

Since the target words were all unknown to the learners, the score of the pre-test for all of the participants
was zero. Quantitative data showed some level of vocabulary gain in both groups. The mean and standard
deviation for the control and experimental groups were 16.55 (4.51) and 15.22 (4.69), respectively.
Interestingly, the control group scored slightly higher than the experimental group. As can be seen in Table
2, the significance value is p = .391, which indicates that the difference between groups was not significant
(p >.05).

Table 2
Independent samples t test

Levene’s test for equality of variances t test for equality of means

Sig. Sig. (two-tailed)
Equal variances assumed 721 391
Equal variances not assumed .391

Students’ attitudes towards the NAO robot and its use

The results of the questionnaire showed that students liked most of the NAO robot’s abilities and thought
that the robot was appropriate for the learning context. The rate of agreement was more than 60% for almost
all items (see Table 3 below).

Table 3

Summary of questionnaire descriptive analyses
Item Agree Neutral Disagree

% (n) % (n) % (n)

The robot looks smart. 69 (20) 17.2 (5) 13.8 (4)
The robot can watch you. 72.4 (21) 10.3(3) 17.2 (5)
The robot can listen to your song and speech. 75.9 (22) 17.2 (5) 6.9 (2)
The robot can come to you. 44.8 (13) 44.8(13) 10.3(3)
The robot’s appearance looks comfortable for learning. 65.5 (19) 17.2 (5) 17.2 (5)

The robot’s body looks comfortable for moving around in a 62.1(18) 13.8 (4) 24.1(7)
classroom.

The robot’s facial expression looks comfortable to you. 58.6 (17) 27.6 (8) 13.8 (4)
The robot’s compliment is pleasing to you. 65.5 (19) 24.1(7) 10.3(3)
The robot’s voice is pleasing. 65.5 (19) 20.7 (6) 13.8 (4)
The robot seems secure. 72.4 (21) 24.1(7) 3.4 (1)

Although the questionnaire data revealed positive attitudes towards the robot, a few interviewees expressed
mixed feelings about the robot and its use. For ease of interpretation, the findings are divided into five
categories.

The robot’s intelligence and safety

Statistical analysis showed that almost 70% of participants believed that the robot is an intelligent, safe and
non-threatening device. The safety of the NAO robot was also supported by interviewees’ comments. For
example, one reported: “I was not afraid of it, he was like my friend; it was like asking a friend a question”
(NNP 1). Overall, it can be said that students were satisfied with these features.
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The NAO robot’s walking and watching abilities

There were two items in the questionnaire that explored students’ opinions about the robot’s walking
ability. Almost 45% of the students agreed that the robot could walk (item 4) while the same percentage of
them were neutral. The rate of agreement was higher on the second walking-related item (item 6): 62.1%
of the participants believed that the robot’s body was comfortable to walk. Comments from the interviews
showed that they were aware of the walking ability. One participant commented: “The movements were
great; the robot could walk and talk” (NNP 7). In addition, around 72% of the students agreed that the robot
could watch them. Generally, it can be interpreted that students were aware of these abilities and had no
problem with being watched by the robot.

The NAO robot’s appearance and facial expressions

Approximately 66% of the participants believed that the NAO robot’s appearance was suitable for learning,
which was supported by comments such as “cool and interesting” (NP 1) and “attractive” (NNP 4). NNP4
further said: “The robot looks like so cute, that’s why I felt so comfortable; 1 don’t [feel] 1 am under
pressure.” Another participant shared a similar feeling by saying “I see the robot for the first time in my
life, I liked when it moves or dancing, it was interesting” (NNP 8). Moreover, about 55% of the students
liked the facial expressions of the robot. In general, it can be said that most of the students liked the NAO
robot’s appearance and facial expressions.

Listening and speaking abilities of the NAO robot

Although 76% of the participants stated that the robot could hear them, interviewees reported that this
feature had some limitations and problems. Sometimes the robot could not understand students since their
voice was not loud enough or their pronunciation was not correct. One participant suggested: “I know just
one thing will be improving the robot ability to hear, receive sound because sometimes it has problems, |
mean voice recognition” (NP 1). Similarly, another participant stated: “Only thing that I had stress about
was the sound, because when I went to the robot and I asked something, it couldn’t hear me well, and
teacher said ‘Speak louder.” but I couldn’t as required, I am shy” (NNP 7). Some suggested using the robot
in smaller groups in order to overcome this problem. For instance, the same participant reported: “I prefer
small groups; | think it can be more helpful in small groups, as much as I see the abilities”. It can be inferred
from the above that the robot’s voice recognition system is a technical issue especially for learners who
characteristically speak softly or have lower self-esteem.

Regarding the robot’s speech, 65.5% of the participants liked its voice and the responses it used as positive
reinforcement. However, some of the interviewees stated that the NAO robot spoke fast. Indeed, there were
somewhat contradictory comments about the speech rate of the robot. Some thought that the speech rate
was fine and understandable while others thought that the robot was talking too fast to understand. One of
the participants commented:

No emotion and goes like a robot which talks really fast, for me it’s like ok I can hear it but
most of my classmates is like really difficult to understand [be]cause they are not used to that
kind of fast English. (NNP 6)

Another participant was more specific about the source of the problem:

In order to acquire some knowledge from that robot you have to know English like very well.
Some sentences or the listening skill must be some advanced. | mean if you are advanced in
listening skill you won’t have any problem with it. (NNP 3)

Comments seem to reflect that comprehending the robot was, at least for some, a challenge arising from
the perceived high speech rate and inadequate listening skills.

Advantages of the NAO robot

According to the interviewees, the robot use facilitated vocabulary learning. Specifically, it helped them,
even the native speakers, to learn new words. One native speaker participant reported: “It [the robot] helped
me to learn a few words that I didn’t know, for example, ‘albeit’” (NP 2). As expected, the interaction was
found to be beneficial in vocabulary learning, as one participant stated: “We interact with it; that's why I
learned vocabulary” (NNP 4). Another positive aspect of the robot use was the provision of examples in
context. Here are two similar comments on the contextual examples provided:
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When | asked it questions, it gave so many sentences; as I mentioned before it doesn’t give
you just a meaning but also in context so this is the best way that | can learn the language, |
mean words. (NNP 3)

Repeating examples was helpful because | have problems making a sentence and the robot
gave some ideas for making sentences to me, it helped me. (NNP 1)

Repetition was also seen as an advantage and referred to by most of the participants. A case in point is
NNP1’s statement above. Another participant supported the idea of repetition by saying: “The robot
explains again and again so the repetition was helpful” (NNP 4). Yet another benefit of the robot use was
its capacity to provide immediate answers and multiple examples. One of the participants reported: “He
[the robot] answers immediately and if you don’t understand, you ask again and it gives another example”
(NNP 8). Likewise, another participant thought that this ability is really helpful and can help her when she
becomes a teacher. She elaborated:

I really use it as an assistant because you know personally I’m a native speaker. | know what
a word means, | know synonyms but synonym is hard for me to explain it clearly or think of
an example. So, | see it’s actually helpful for me as a teacher if | have a trouble in explaining
a word. | need it to give some examples to my students | teach and they can ask virtually.
(NP 1)

Allin all, the reported reactions to the use of the NAO robot in the classroom were predominantly positive.
That is, participants reported more advantages than disadvantages of robot use (i.e., eight participants noted
advantages while two reported disadvantages).

Discussion

With respect to vocabulary learning, the current study did not find a significant difference between the
performances of the two groups. Nevertheless, both groups made substantial vocabulary gains, which is
consistent with previous studies such as that by Schodde et al. (2017). However, the control group
performed slightly better as far as the mean scores are concerned, which differs from the results of Alemi
et al.’s (2014) study, which employed the same robot and role but with a school-aged group. This outcome
may be due to several factors. First of all, the age of the participants in the present study is different from
that of the participants in other studies (e.g., Eimler et al., 2010; de Wit et al., 2018). The focus of those
studies was on younger learners, while the current study focused on adult language learners. It could be
that adult language learners appear more cautious about welcoming such technology into their learning
environment.

The second factor which may explain this inconsistency could be the role and function of the robot within
the classroom. In this study, the NAO robot was used as a teaching assistant that answered the students’
questions about the meaning of the target words. For some interviewees, the predefined role and function
of the robot did not work out smoothly. For instance, some interviewees (e.g., NNP 6 above) stated that
they were not used to fast English. In other words, they most probably had difficulty understanding the
explanations and examples provided by the robot, which may stem from a lack of adequate listening skills.

The final major factor could be that the NAO robot is a fairly new technology that most participants had
not seen before. The only exposure they had was the demonstration session. The technology was attractive,
constructive and helpful in vocabulary learning for some of the learners. For instance, one participant said:
“It was motivating because it was a robot like something that every people haven't seen around the world,;
Yes, it grabs the student’s attention” (NNP 3), while for others it was disruptive so they could not get used
to it. For example, another participant reported:

It was distractive after a while, I couldn’t get used to the robot; my attention was on the robot

itself rather than English, maybe if | get used to the robot in the future | may benefit, but at
the moment I didn’t benefit that much. (NNP 5)
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This issue might hold true for other participants as well. It can be considered as a factor that hindered the
vocabulary learning of students in the RALL group. They might have performed better if they had spent
more time with the robot and had the chance to get used to it.

With regard to attitudes towards RALL, some studies have quantitatively investigated students’ attitudes,
but few have looked into it both quantitatively and qualitatively. The questionnaire results, showing high
degree of agreement for almost all the items ranging from 59% to 76%, are in line with previous studies,
such as that by Lee et al. (2011). This indicates that students were satisfied with the robot and its abilities.

Interview data also supported the questionnaire data in most cases. The students were mostly positive about
this technology and its use in teaching vocabulary. Most of them believed that it was beneficial. The NAO
robot was reported to be motivating and attractive by some participants, which is in line with the findings
of previous studies (e.g., Alemi et al., 2014; Hong et al., 2016; Lee et al., 2011). Almost all of the
interviewees believed that the NAO robot helped them to learn the new words. According to their
comments, it facilitated their vocabulary learning by giving them the chance to interact. For instance, one
participant said: “We interact with it; that's why I learned vocabulary” (NNP 4). Similarly, another
participant said: “We ask and then he [the robot] explains; when someone explains, it [meaning] sticks
better in your head rather than reading it online or in a dictionary” (NNP 6). This was not the only
advantage: the NAO robot provided immediate answers, context and a chance to be exposed to meanings
and examples repeatedly. Strikingly, almost all the participants humanised the robot by referring to it as
“he” or “my friend”, which distinguished the robot from other technologies. For instance, one participant
described her experience with the robot: “He was like my friend; it was like asking a question from a friend”
(NNP 1). This indicates that the NAO robot was received as an acceptable conversational partner. Based
on its perceived qualities, the NAO robot is arguably superior to other technologies, such as virtual
applications; therefore, it may have greater potential for facilitating learning, which, in turn, makes it a
more attractive technological choice for educational institutions to invest in.

However, several interviewees reported that they could not focus on language learning due to the novelty
of the technology. They reported that they had paid more attention to the robot itself rather than the language
or the words they were supposed to learn. Nevertheless, those interviewees also came up with some
recommendations to overcome this distraction: spending more time with the NAO robot (NNP 1); getting
used to its functions (NNP 5); and using it in smaller groups (NNP 7). The robot’s voice was also considered
emotionless and robotic by several participants. These comments show that the participants did not share
the same opinions regarding the NAO robot. In other words, while some believed that the robot incentivised
them and affected their vocabulary learning positively, a few others reported contradictory ideas. Clearly,
more research is needed to further explore adult learners’ attitudes towards the RALL.

Conclusions and implications

This study attempted to determine the possible impact of robot use on adult language learners’ vocabulary
learning and their attitudes towards using such technology. Therefore, both quantitative and qualitative data
were collected. The quantitative data analysis did not reveal any statistically significant differences between
groups, as the participants of both groups made similar gains in vocabulary learning. Several crucial factors
may account for this outcome: the novelty of the technology introduced, the participants’ limited prior
contact with the robot, reported problems with voice recognition and speech rate, students’ inadequate
listening skills and individual differences. These factors might have led to differing responses to the
technology. As this study was limited to only one experiment, further studies are needed to help better
understand how various factors may translate into successful vocabulary gains.

In terms of learners’ attitudes, the results of the analyses were mixed. The quantitative data collected
through the questionnaire indicated that adult learners generally responded positively to the NAO robot’s
capabilities and were attracted by the robot itself. On the other hand, the interview data revealed that
learners had varied feelings about the robot and its use. While some found this technology constructive,
helpful and beneficial, others thought it had its limitations and needed to be improved. Continuous
assessment of student attitudes in reference to the developing features of the NAO robot seems to be
essential for integrating such technology into the classroom.
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Considering the positive reactions, but bearing in mind the criticisms as well, the use of the NAO robot in
the classroom is promising. By promoting its acceptance as a conversational partner (as revealed in this
study), it can function more effectively as a teaching assistant. The teacher can teach new linguistic features
(e.g., vocabulary) with the assistance of the robot. Furthermore, the use of the robot can be a source of
motivation both for students and teachers, which can facilitate language learning in an enjoyable manner.
In particular, the interview data appears convincing enough for us to argue positively for a robot-assisted
component in the language education curriculum, which necessitates teachers’ background knowledge and
skills to integrate the NAO robot into the classroom as well as teacher trainers’ perspective on RALL and
their preparedness for providing practical professional training for teachers.

Limitations and further research directions

One limitation of this study was the number of participants and target words. Since we could not make any
changes to the groups, the number of participants was limited. Similarly, a finite number of target words
(23 academic words) had to be used. It should be noted that we did our best to include all available words
unknown to all of the participants. The findings of this study could have been more comprehensive if the
sample size and the number of target words of the study had been greater.

Although we trained the instructors to use a common method to teach target words for consistency, the
inability to use a common instructor for both groups might have had an effect on the results. Additionally,
due to time limitations, the instructors’ opinions were left unexplored.

Researchers could replicate the current research in multiple experiments with larger numbers of participants
and target words. The robot could be used for a longer period of time and its long-term effect on vocabulary
learning could be investigated. Adding a delayed post-test could facilitate greater understanding of the
effect of the robot on language learners’ vocabulary retention. Further research could explore adult learners’
attitudes towards robots and their use in different contexts. Additionally, instructors’ opinions about the use
of robots could be explored. The effect of training in how to use robots for teaching purposes may also be
a fruitful line of research. Such studies will undoubtedly help us discover the ways in which robots can be
used more effectively for language learning and teaching.
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