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Abstract
Having a mixed-cultural membership becomes increasingly common in our modern society. It is thus beneficial in several
ways to create Intelligent Virtual Agents (IVAs) that reflect a mixed-cultural background as well, e.g., for educational settings.
For research with such IVAs, it is essential that they are classified as non-native by members of a target culture. In this paper,
we focus on variations of IVAs’ speech to create the impression of non-native speakers that are identified as such by speakers
of two different mother tongues. In particular, we investigate grammatical mistakes and identify thresholds beyond which
the agents is clearly categorised as a non-native speaker. Therefore, we conducted two experiments: one for native speakers
of German, and one for native speakers of English. Results of the German study indicate that beyond 10% of word order
mistakes and 25% of infinitive mistakes German-speaking IVAs are perceived as non-native speakers. Results of the English
study indicate that beyond 50% of omission mistakes and 50% of infinitive mistakes English-speaking IVAs are perceived
as non-native speakers. We believe these thresholds constitute helpful guidelines for computational approaches of non-native
speaker generation, simplifying research with IVAs in mixed-cultural settings.

Keywords Intelligent Virtual Agents · Verbal behaviour · Mixed-cultural settings

1 Introduction

Through globalization and migration meeting people from
different cultures has become omnipresent in our everyday
lives. In the European Union, for example, the number of
first and second generation immigrants was 55 million (with
an overall population of 507 million) in 2014. Due to long-
term or close contact with a new culture, customs are often
adopted and communication is adapted. Thus, a large num-

1 https://ec.europa.eu/eurostat/statistics-explained/index.php/
First_and_second-generation_immigrants_-_statistics_on_main_
characteristics.
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ber of people today havemixed-culturalmemberships, which
means that different cultural believes, values and communi-
cation styles might be present in one and the same person at
the same time.

Implementing Intelligent Virtual Agents (IVAs) that sim-
ulate a mixed-cultural background can be beneficial in many
ways. Besides reflecting the cultural diversity of a modern
society they can be used for various training settings or to
study phenomena occurring in interactions with people with
mixed-cultural memberships. Trainings with such IVAs can
systematically expose people to specific scenarios and raise
cultural sensitivity. Scenarios with trainings for class rooms
with children of migrants, help-desks in airports with people
of various cultural backgrounds interacting, or for recep-
tionists at clinics with patients from many mixed-cultural
backgrounds are just a few examples.

However, designing convincing IVAs with mixed-cultural
backgrounds can be resource-consuming as many aspects,
e.g. clothing style, visual appearance, language variations,
differences in non-verbal behaviour, are supposedly con-
tributing to the fact that theymight be perceived as foreign. In
this paper we argue that instead of implementing the whole
complexity of a mixed-cultural membership, a single aspect
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might be sufficient to trigger the impression of a non-native
IVA. This might be important, as it could drastically reduce
time and cost for the realization of training prototypes. We
chose speech as behavioural factor, since it is the primary
channel for humans to communicate (e.g., [12,21]) and can
be altered for our needs by rather simple inductions of gram-
matical mistakes.

In this paper, we demonstrate the successful simulation
of non-native-speaking IVAs in two different languages by
inducing grammatical mistakes at various rates. The first
part of this paper is summarising the related work, while the
second part is describing the implementation of our Multi-
Cultural IVA Configuration and Simulation tool. In the third
part, we present two studies investigating the perception of
IVAs with different grammatical proficiency in both German
and English. Finally, we conclude this paper by discussing
our results and suggesting topics for future work on the sub-
ject.

2 Related work

Culture as a social aspect has been investigated in the
domain of Intelligent Virtual Agents (IVAs) for over two
decades. To highlight certain culture-related differences or
to raise the acceptance of IVAs for certain cultural back-
grounds, different aspects of culture-related behaviours have
been investigated, such as topic selection in small talk con-
versations [8], communication management behaviours [6],
non-verbal behaviours [7] or rituals [19].

A major area of application of these enculturated IVAs
is to teach about culture. Looking at culture on a national
level, Valente, Johnson andVilhjálmsson, for example, intro-
duced a framework calledTheTactical LanguageandCulture
Training System. The idea of the framework is to teach
language, culture and gestures in natural settings [27] by
allowing users to multimodally interact with IVAs of a pre-
defined national cultural background. Several scenarios have
been introduced in this context, e.g., to prepare US soldiers
to successfully interact with people from Iraq or Afghanistan
[14], or to help native English speaking business people to
interact with Chinese business partners [15]. Another line
of research used fantasy cultures that were developed along
cultural dichotomies in order to raise a general cultural aware-
ness in users [1,2,20]. Please note that in the approaches
introduced above, foreign agents speak and act in a cultur-
ally consistent manner.

Focusing on different ethnicities in the US American
culture, different variations of speaking styles have been
modelled [10,13]. In particular, IVAswere designed tomatch
the speaking style of their interaction partner to help African
American children to enhance their learning experience.
According to research from the communication sciences,

a match of the teacher’s and the learner’s accent has a
positive impact on the learner’s performance [11]. There-
fore, Iacobelli and Cassell implemented a virtual peer for
African American and Caucasian American children in an
educational context. They investigated whether it is possi-
ble to change the perceived ethnicity of the virtual peer by
changing its verbal and non-verbal behaviour. Their findings
indicate that children are able to correctly assess whether a
virtual peer is an African American or a Caucasian Amer-
ican speaker, when the virtual peer displays the respective
verbal and non-verbal behaviour [13]. Based on these find-
ings, Finkelstein et al. used that virtual peer to investigate
whether African American children show an improvement
in learning when interacting with an agent that matches their
ethnicity by speaking African American Vernacular English,
as opposed to Mainstream American English. They found a
clear improvement in the children’s performance when they
where interactingwith a culturallymatchingvirtual peer [10].

Research that explicitly targets mixed-cultural member-
ship for IVAs is rare. An example includes work by Lugrin
et al., who investigated a specific behavioural phenomenon
that typically occurs in mixed-cultural settings [18]. While
immigrants usually have to take great efforts to adapt to
their host culture [4,24], a general adaptation also takes
place on the native interlocutors side when interacting with
people having a mixed-cultural background. The so-called
Foreigner Talk refers to the fact that native speakers tend
to adapt their behaviour by using slower and simplified
speech, and increased usage of gestures to foster understand-
ing of the non-native speaker [9] (referred to as Adapted
Foreigner-directed communication (AFC) in [18] to high-
light its multi-modal nature). To investigate whether AFC is
also triggered in native speakers who interact with a mixed-
cultural IVA, Lugrin et al. altered an IVA’s appearance and
several aspects of verbal as well as non-verbal behaviour
[18]. With it, they successfully showed that both the ver-
bal and non-verbal behaviour of native speakers differ when
interacting with the IVA with a simulated mixed-cultural
background.

Taking the (mixed-)cultural background of the user
into account when interacting with a mixed-cultural IVA,
Khooshabbeh et al. [16] found that the cultural background
of the listener plays a crucial role in the perception of these
agents. In particular, IVAs speaking different accents (using
prerecorded human speech) within the US-American lan-
guage, e.g., Middle Eastern English, were perceived as being
foreign by people that do not share the agent’s simulated
mixed background but triggered a positive effect in terms of
perceived shared social identity in people who share a mixed
background (e.g. being bi-cultural).

Compared to the works on mixed-cultural IVAs described
above, we aim at isolating one behavioural channel to focus
on particular aspects therein that qualify for an eventual
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automatic generation of behavioural variations that will trig-
ger the impression of a non-native background. We found
verbal behaviour particularly suited, as it constitutes the pri-
mary channel of human communication and has shown to be
effective in previous work, e.g. [16], for prerecorded speech.
Particularly identifying thresholds for common grammati-
cal mistakes that are sufficient to trigger the impression of
a non-native speaker could help form the basis for a rather
simple automatic approach and with it lead to cost-effective
generation of non-native IVAs.

3 Implementation

We developed a rapid prototyping tool for easily adapting
the appearance and behaviour of an IVA in a virtual setting,
using the game engine Unity (2017.2.5).1 The tool features a
variety of previously created content to choose from to adapt
an IVA. It is based on the virtual environment used by Lugrin
et al. [18] and supports two new modules: I) Cultural Agent
Configuration and II) Scenario Builder. The Cultural Agent
Configuration is responsible for changing the appearance,
as well as the verbal and non-verbal behaviour of an IVA.
For instance, the tool allows to choose between two different
sets of predefined gestures, either foreign or local gestures, or
different ethnicity appearances. The Scenario Builder allows
to quickly build, save and play a conversation by constructing
a temporal sequence of verbal and non-verbal behaviours.
Each step in the sequence contains information about the
gesture and the speech sample, as well as two optional fields
to adjust the synchronicity of speech and gesture execution.

The most crucial part for the work described in this paper
are the agent’s language settings that are part of the Agent
Cultural Configuration. They allow to quickly change the
agent’s language proficiency by inducing two types of com-
monmistakes for two languages. For designing a study using
the tool, the experimenter can adjust the level of the respec-
tive parameter: For Experiment 1, level 3 represents the
absence of mistakes, level 2 represents a moderate amount
of mistakes, and level 1 represents a high amount of mis-
takes. Depending on the selected levels, the systemwill build
the agent’s dialogues. For instance, when moving the ’word
order’ slider to level 3, and the ’infinitive’ slider to level 1,
a set of synthetic speech templates will be assigned to the
IVA’s speech output with no mistakes regarding word order,
but with a high amount of mistakes in terms of infinitive use.
The agent’s language settings of the tool were extended for
Experiment 2 to contain more levels (five to be precise), and
another type of grammatical mistake (omission mistakes). In
addition, new speech templates were added.

1 https://unity3d.com/de/get-unity/download/archive.

Fig. 1 a Example of the word order and infinitive mistakes in Experi-
ment 1,b example of the omission and infinitivemistakes in Experiment
2 (mistakes highlighted in bold)

3.1 Agent’s language settings for Experiment 1

For the German version used in Experiment 1 the language
proficiency of the IVA was altered in two different dimen-
sions: (I) word order mistakes and (II) infinitive mistakes.
According to Csehó thesemistakes are commonly conducted
by non-native speakers of the German language [5]. Each
dimension had two levels: one that represented a low amount
of mistakes (10% in word order, 25% in infinitive use) and
one that represented a high amount of mistakes (20% in
word order, 50% in infinitive use). Additionally, one scene
where the agent spoke perfect German with no grammati-
cal mistakes was implemented. The five resulting videos are
presented in Table 6.

The error percentages were calculated as follows: 10% of
wordordermistakesmeans that 10%of thewords in the entire
text aremisplaced. 20%of infinitivemistakesmeans that 20%
of the verbs occurring in the text, that should be conjugated,
are put in their infinitive form.Albeit the fact that theGerman
language is very robust to changes of word order [3], it is
important to note that changing the order of the words can
considerably affect the meaning of a sentence. Therefore the
selected percentages of theword ordermistake are lower than
the percentages of the infinitivemistake, andwordswere only
shifted within a part of the sentence, allowing to preserve the
meaning units of the sentencewhile introducing grammatical
mistakes. Fig. 1a) shows an example with a short passage
of the text in German. Tables 1 and 2 show the complete
transcriptions of the respective texts.

3.2 Agent’s language settings for Experiment 2

For the English version used in Experiment 2 the language
proficiency of the IVA was altered in two different dimen-
sions: I) omissionmistakes and II) infinitivemistakes. Various
studies show that leaving out articles and prepositions, or
keeping verbs in the infinitive form where they should be
conjugated, are common mistakes of non-native speakers
of English [17,23,26]. Each dimension had four levels: One
that represented a low amount of mistakes (10% in omission
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Table 1 The different texts with inducedWord order mistakes in German (mistakes are underlined)

Perfect German Low order mistake High order mistake

Hallo, ich bin neu hier. Ich verstehe das
Bus-System in dieser Stadt noch nicht
ganz. Kannst du mir sagen, mit welcher
Linie ich in die Stadt komme? Mit der
Linie 10 komme ich in die Sanderau,
das weiß ich. Aber kannst du mir
erklären, wie ich in die Stadt komme?

Hallo, ich bin neu hier. Ich verstehe das
Bus-System in dieser Stadt noch ganz
nicht. Kannst du mir sagen, mit welcher
ich Linie in die Stadt komme? Mit der
Linie 10 komme ich in die Sanderau,
das ich weiß. Aber du kannst mir
erklären, wie in die Stadt ich komme?

Hallo, ich neu hier bin. Ich das Bus-
System in dieser Stadt verstehe noch
ganz nicht. Du kannst mir sagen, mit
welcher ich Linie in die Stadt komme?
Linie 10, mit der komme ich in die
Sanderau, das ich weiß. Aber du kannst
mir yerklären, in die Stadt wie ich
komme?

Table 2 The different texts with induced Infinitive mistakes in German (mistakes are underlined)

Perfect German Low infinitive mistake High infinitive mistake

Hallo, ich bin neu hier. Ich verstehe das
Bus-System in dieser Stadt noch nicht
ganz. Kannst du mir sagen, mit welcher
Linie ich in die Stadt komme? Mit der
Linie 10 komme ich in die Sanderau,
das weiß ich. Aber kannst du mir
erklären, wie ich in die Stadt komme?

Hallo, ich bin neu hier. Ich verstehen das
Bus-System in dieser Stadt noch nicht
ganz. Kannst du mir sagen, mit welcher
Linie ich in die Stadt kommen? Mit der
Linie 10 komme ich in die Sanderau,
das weiß ich. Aber kannst du mir
erklären, wie ich in die Stadt komme?

Hallo, ich bin neu hier. Ich verstehen das
Bus-System in dieser Stadt noch nicht
ganz. Können du mir sagen, mit welcher
Linie ich in die Stadt kommen? Mit der
Linie 10 komme ich in die Sanderau,
das weiß ich. Aber können du mir
erklären, wie ich in die Stadt komme?

Table 3 The text in Perfect English

Perfect English

Hi, I’m new in town but I haven’t quite figured out how public
transport works here. Can you tell me which bus goes into
town? A friend of mine lives next to the theatre and I’d like to
visit him. I have to be there by 8 o’clock. He told me which
bus to get on but I have forgotten. I know that I can get to the
train station on the number 10, but can you tell me how to get
into town?

and infinitive use), one that represented a medium amount
of mistakes (25% in omission and infinitive use), one that
represented a high amount of mistakes (50% in omission and
infinitive use), and one that represented a very high amount of
mistakes (75% in omission and infinitive use). An overview
of the nine resulting videos is presented in Table 7.

Analogously to Experiment 1, 20% of infinitive mistakes
means that 20% of all verbs that should be conjugated occur
in their infinitive form. 20% of omission mistakes means
that 20% of all prepositions and articles within the text were
omitted. Additionally, one scene where the agent spoke per-
fect English with no grammatical mistakes was implemented
(see Table 3). Since the authors are non-native speakers of
English, we cooperated with English native speakers at the
English department of the University of Würzburg.

The complete transcriptions of the different texts for both
grammatical error types can be found in Tables 4 and 5.
In contrast to Experiment 1, in German the same thresh-
olds were applied to each type of mistake because neither of

the grammatical mistakes is likely to considerably affect the
meaning of the sentence.

4 Experiment 1: non-native speaker
perception in German

To identify a language proficiency threshold below which
IVAs are perceived as non-native speakers of German, we
conducted a within-subjects online experiment [22]. Par-
ticipants watched five videos in randomised order, each of
which showed the same IVA (representing a young Cau-
casian female student on a university campus) speaking a
monologue (consisting of fifty-one words) with five differ-
ent levels of language proficiency.During hermonologue, the
IVA asked the participant to explain which bus she should
take to get into town.

Independent variable The independent variable was the lan-
guage proficiency of the IVA shown in the videos, that were
created using the prototyping tool. Table 6 shows the differ-
ent expressions and resulting conditions of the independent
variable in Experiment 1.

Dependent variable The participants had to categorise the
IVA as a native or non-native speaker by indicating their
agreement to the following statement for each video: “The
agent is a native speaker” Yes or No. Optional fields were
also included that allow to insert a justification for their
answer. We decided to limit the participants to these two
options, rather than allowing them to choose from various
degrees of nativeness (e.g., “to what degree do you perceive
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Table 4 The different texts with induced Omission mistakes in English (mistakes are underlined)

Low omission mistake Medium omission mistake

Hi, I’m new in town but I haven’t quite figured out how public
transport works here. Can you tell me which bus goes into
town? [...] friend of mine lives next to the theatre and I’d like
to visit him. I have to be there by 8 o’clock. He told me which
bus to get on but I have forgotten. I know that I can get to the
train station on the number 10, but can you tell me how to get
into town?

Hi, I’m new in town but I haven’t quite figured out how public
transport works here. Can you tell me which bus goes into
town? [...] friend of mine lives next to the theatre and I’d like
to visit him. I have to be there [...] 8 o’clock. He told me
which bus to get on but I have forgotten. I know that I can get
to [...] train station on the number 10, but can you tell me how
to get into town?

High omission mistake Very high omission mistake

Hi, I’m new [...] town but I haven’t quite figured out how public
transport works here. Can you tell me which bus goes into
town? [...] friend of mine lives next to [...] theatre and I’d like
to visit him. I have to be there [...] 8 o’clock. He told me
which bus to get [...] but I have forgotten. I know that I can
get to [...] train station on the number 10, but can you tell me
how to get into town?

Hi, I’m new [...] town but I haven’t quite figured out how public
transport works here. Can you tell me which bus goes [...]
town? [...] friend of mine lives next to [...] theatre and I’d like
to visit him. I have to be there [...] 8 o’clock. He told me
which bus to get [...] but I have forgotten. I know that I can
get to [...] train station on [...] number 10, but can you tell me
how to get [...] town?

Table 5 The different texts with induced Infinitive mistakes in English (mistakes are underlined)

Low infinitive mistake Medium infinitive mistake

Hi, I’m new in town but I haven’t quite figure out how public
transport works here. Can you tell me which bus goes into
town? A friend of mine lives next to the theatre and I’d like to
visit him. I have to be there by 8 o’clock. He told me which
bus to get on but I have forgotten. I know that I can get to the
train station on the number 10, but can you tell me how to get
into town?

Hi, I’m new in town but I haven’t quite figure out how public
transport works here. Can you tell me which bus goes into
town? A friend of mine lives next to the theatre and I’d like to
visit him. I have to be there by 8 o’clock. He tell me which
bus to get on but I have forgotten. I know that I can get to the
train station on the number 10, but can you tell me how to get
into town?

High infinitive mistake Very high infinitive mistake

Hi, I’m new in town but I haven’t quite figure out how public
transport works here. Can you tell me which bus go into
town? A friend of mine live next to the theatre and I’d like to
visit him. I have to be there by 8 o’clock. He tell me which
bus to get on but I have forgotten. I know that I can get to the
train station on the number 10, but can you tell me how to get
into town?

Hi, I’m new in town but I haven’t quite figure out how public
transport work here. Can you tell me which bus go into town?
A friend of mine live next to the theatre and I will like to visit
him. I have to be there by 8 o’clock. He tell me which bus to
get on but I have forgotten. I know that I can get to the train
station on the number 10, but can you tell me how to get into
town?

Table 6 Experimental
conditions for Experiment 1

Video Word order mistake (%) Infinitive mistake (%) Condition

1 0 0 Perfect German

2 10 0 Low order mistake

3 20 0 High order mistake

4 0 25 Low infinitive mistake

5 0 50 High infinitive mistake

the virtual agent to be native speaker”). This decision was
motivated by our intention to identify error thresholds allow-
ing to generate non-native speaking IVAs later.

4.1 Results

Overall 34 participants took part in the first experiment with
13 males, 20 females and one gender neutral person (Mage

= 26.4, SDage = 8.3). All participants were recruited via e-

mail. The results of the word order mistake conditions and
the infinitive mistake conditions are presented in Figs. 2 and
3 respectively. ACochran’s Q test revealed a significant main
effect for the word order mistake condition (χ2(2) = 54.07,
p < .001). A Bonferroni adjusted post-hoc Dunn’s test
revealed a significant difference between the perfect Ger-
man and each of the two faulty conditions (both p < .001)
but not between the two faulty conditions. For the infinitive
mistakes there was also a significant main effect, indicating
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Fig. 2 Results of the word order mistake conditions in Experiment 1.
Values with different letters are statistically different (p < .001)

a difference between the three conditions (χ2(2) = 37.27,
p < .001). Again, a Bonferroni adjusted post-hoc Dunn’s
test revealed differences between the perfect German and
each of the two faulty conditions (both p < .001), while no
significant difference between the two faulty conditions was
found.

4.2 Discussion

Overall, the results indicate that even with small modifi-
cations of the language proficiency, the impression of a
non-native IVA can be achieved in the German language.
This implies that in order to implement a non-native speaking
IVA slight changes of word order or few infinitive mistakes
are sufficient, and a larger amount of mistakes seems unnec-
essary.

Although there are no significant differences between
the faulty conditions, our results show a smaller difference
between the faulty word order conditions (10% and 20%),
relative to the faulty infinitive mistake conditions (25% and
50%), c.f. Figs. 2 and 3. This suggests that a clear thresh-
old can be identified below which IVAs are perceived to be
non-native speakers. However, a finer grated placement of
grammatical mistakes might have shown that the classifi-
cation of nativeness in a language is ambiguous in certain
scenarios.

Fig. 3 Results of the infinitive mistake conditions in Experiment 1.
Values with different letters are statistically different (p < .001)

5 Experiment 2: non-native speaker
perception in English

Experiment 1 was replicated for the English language to gen-
erate results with a broader impact for the IVA community.
We also added finer grated levels in grammatical mistakes,
a larger pool of participants, and other minor improvements.
Fig. 1b displays an example with a short passage of the
English text.

Additional levels contain finer variations in the number
of grammatical mistakes in order to find out whether we can
identify a clear threshold above which IVAs are perceived as
non-native speakers of English. Analogously to Experiment
1 participants watched nine videos in randomised order, each
of which showed the same IVA speaking a monologue (con-
sisting of eighty-seven words) with nine different levels of
language proficiency.

To be able to find potential small effects between the
different conditions, we decided on the continued use of a
within-participant design with randomized presentation of
stimuli to maximize statistical power. We weighed the bene-
fit of potentially finding differences between previously not
statistically differing groups against participants guessing at
the aim of the study. Because we did not expect adverse
effects from the latter, but considered group differences as
critical for identification of thresholds, a within-design was
used.

Participants were recruited using an established online
recruitment platform (prolific.co). The site uses a variety
of filters and methods to prevent people from creating mul-
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Table 7 Experimental
conditions for Experiment 2

Video Omission mistake (%) Infinitive mistake (%) Condition

1 0 0 Perfect English

2 10 0 Low omission mistake

3 25 0 Medium omission mistake

4 50 0 High omission mistake

5 75 0 Very high omission mistake

6 0 10 Low infinitive mistake

7 0 25 Medium infinitive mistake

8 0 50 High infinitive mistake

9 0 75 Very high infinitive mistake

tiple accounts. All participants stated to live in the United
Kingdom and stated having English as their first language.
To verify the participant’s statement, four questions testing
the language proficiency were included at the beginning of
the survey. These questions were selected from a language
assessment test in consultation with the English department
of the University of Würzburg. Participants were excluded
from the study if they failed at two or more of these four
native-speaker questions. Independent variables The inde-

pendent variable was the language proficiency of the IVA
shown in the videos, that were created using the prototyping
tool. Table 7 shows the different expressions and resulting
conditions of the independent variable in Experiment 2.

Dependent variable Analogously to Experiment 1, partici-
pants were asked whether they think the IVA was a native
speaker of English. Participants had to indicate their agree-
mentwith the following statement for each video:“Theagent
is a native speaker” Yes orNo. Again, optional fields to insert
a justification for their answer were included. In case the
participant categorised the agent as a non-native speaker of
English, an additional input field appeared where the partici-
pant was asked to guess the agent’s mother tongue. This field
was added to investigate whether the different grammatical
mistakes just evoke the general impression of a non-native
speaker of English, orwhether theymight lead to the assump-
tion of a speaker from a certain country.

5.1 Results

Overall 197 participants took part in the study with 79 males
and 118 females (Mage = 37.94, SDage = 12.09). Out of
the 219 participants that initially signed up for the study,
22 were excluded because they failed at native speaker test.
The detailed results of the omission mistake conditions and
the infinitive mistake conditions are presented in Figs. 4 and
5 respectively. ACochran’s Q test revealed a significant main
effect for the omission mistake conditions (χ2(4) = 422.83,
p < .001). A Bonferroni adjusted post-hoc Dunn’s test

revealed significant differences in native speaker ratings
between each of the conditions (all p < .001), except for
50% versus 75% omission mistakes.

For the infinitive mistakes a Cochran’s Q test also revealed
a significant difference between the different conditions
(χ2(4) = 359.66, p < .001). A Bonferroni adjusted post-
hoc Dunn’s test revealed significant differences in native
speaker ratings in eight of the ten pairwise comparisons
(p = .014 for 25% versus 75%, p < .001 for all other
comparisons). The post-hoc tests showed no significant dif-
ference between the 25% and the 50% infinitive mistakes
conditions, and no significant difference between the 50%
and the 75% infinitive mistakes conditions.

When asked for the assumed agent’s mother tongue, after
classifying her as a non-native speaker of English, the major-
ity of participants stated that theywere unable to indicate any.
In the optional comment field at the end of the study, eighteen
participants explicitly stated that it was impossible for them
to guess the agent’s mother tongue just based on the gram-
matical mistakes. Several of these participants added that it
would have been easier if the agent had had a certain accent.

5.2 Discussion

The results of Experiment 2 suggest that with 50% mistakes
and above, IVAs are consistently perceived as non-native
speakers of English, as nomore significant difference in clas-
sification as a non-native speaker can be observed from there.
Interestingly, the finer gradation of the amount of errors inte-
grated in the IVA’s speech results in a linear progression of
the classification of the IVA as a non-native speaker. The
more mistakes are integrated in the IVA’s speech, the more
likely it is classified as a non-native speaker.

This suggests that also a finer categorisation of non-native
speaker perception in terms of language proficiency could be
possible. For example, people might differentiate between
“not native, but at a very high level” and “not native, at a
beginner level”.

123



236 Journal on Multimodal User Interfaces (2021) 15:229–238

Fig. 4 Results of the omission mistake conditions in Experiment 2.
Values with different letters are statistically different (p < .001)

Fig. 5 Results of the infinitive mistake conditions in Experiment 2.
Values with different letters are statistically different (p < .015)

6 General discussion and future work

Both experiments suggest that with rather simple variations
in speech, the impression of a non-native speaker can be trig-
gered. In particular, the results of Experiment 1 indicate that
even slight changes of the word order (10% of mistakes), and

only few infinitive mistakes (25%) result in the impression
that the agent is a non-native speaker of German. The results
of Experiment 2 indicate that by increasing the number of
grammatical mistakes, the number of participants who clas-
sify the IVA as a non-native speaker of English increases
respectively. We suggest a threshold of above 50% for both
omission mistakes and infinitive mistakes for sufficient non-
native speaker perception for the English language.

When comparing Experiment 2 to Experiment 1, the iden-
tified threshold above which an IVA is considered as a
non-native speaker is noticeably higher. It seems that native
speakers of English are more tolerant towards violations of
grammar than native speakers of German are. This could be
due the fact that native speakers of English are more used to
listening to foreigners speaking in their mother tongue than
Germans are, since there are many countries such as India or
Pakistan where English is not the primary but still an official
language.2 This can lead to amodified version of English that
differs from British and American English in grammar and
vocabulary [25]. In total there are approximately one billion
people that speak English as their first or second language3

while there are only around 130 million people that speak
German as their first or second language.4 The substantially
higher number of English speaking people and the resulting
variations of the English language alone could explain the
observed higher tolerance towards grammatical mistakes in
English.

A limitation of our two experiments lies in the fact, that we
have shownvideos of IVAs instead of providing an interactive
setting. Nevertheless, wewere able to identify thresholds and
trigger the effect of non-native speaker perception in both
languages. In the future, we will test whether our results hold
in an interactive setting with the user having a conversation
with the IVA in a virtual reality environment.

In order to evaluate the impact of certain grammatical
mistakes on the native speaker perception of an IVA, we iso-
lated different grammatical mistakes and induced them in an
IVA’s speech. However, in a real worldmixed-cultural setting
grammatical mistakes are likely to appear in combination. In
future research, we will also investigate the impact of com-
bined grammatical mistakes instead of isolated ones.

There are also other types of speech errors that could be
implemented to result in IVAs which are identified as non-
native speakers. The error types chosen seemed particularly
suited as they were identified as being common in the respec-
tive language, and can be applied to any text with rather

2 https://worldpopulationreview.com/country-rankings/english-
speaking-countries.
3 https://www.ef.de/epi/about-epi/executive-summary/.
4 https://www.deutschland.de/en/topic/culture/the-german-language-
surprising-facts-and-figures.
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simple automatic approaches in the future, quickly enabling
us to generate future experiments.

Considering that particularly Experiment 2 indicated that
a finer categorisation of non-nativeness could potentially be
identified, we will continue our series of experiments, allow-
ing for more classifications of native vs. non-native. Because
non-native speakers differ from native speakers not only by
grammatical mistakes but also by incorrect pronunciation,
we also plan to investigate the impact of synthetic accents
on the perception of IVAs. Inducing synthetic accents could
potentially lead to a way of generating non-native IVAs that
need to represent a speaker of a specificmother-tongue.Mul-
tiple participants in Experiment 2 stated that it is impossible
to guess an IVA’s native language by just listening to its gram-
matical mistakes but also noted that a synthetic accent could
give more insight into the IVA’s intended mother-tongue.

As an overall goal, we aim at automatically generating
speech for IVAs that are perceived as non-native speak-
ers. The thresholds we have identified in this contribution
serve as a valuable guideline on how to build such a com-
putational model. In such a model, grammatical mistakes
need to be carefully inserted in existing text to ensure to not
break the meaning units. Having such a generative model at
hand will allow us to dynamically create non-native speaker
simulations for a variety of contexts where an efficient imple-
mentation of a foreign IVA is crucial.

7 Conclusion

In this paper, we argue that implementing Intelligent Virtual
Agents (IVAs) that simulate a mixed-cultural background
can be beneficial in many ways, for example for training
scenarios, or to study behavioural phenomena occurring in
mixed cultural settings.

While previous research has shown that it is possible
to generate convincing mixed-cultural IVAs by altering the
IVA’s appearance and verbal as well as non-verbal behaviour,
or using different accents by means of pre-recorded speech,
the implementation of such approaches is resource consum-
ing. In this paper, we present an approach to evoke the
impression of a non-native speaking IVAby solely altering its
verbal behaviour by inducing grammatical mistakes. In two
experiments, we showed that we can trigger the perception
of a non-native IVA in two different languages (German and
English). Particularly in this paper, we identified thresholds
of grammatical mistakes above which IVAs are consistently
perceived as non-native speakers.

With these thresholds, we will be able to implement a
rather simple approach to generate non-native IVAs in the
future. With it, we aim to not only facilitate the cost-effective
design of non-native speaking IVAs for mixed-cultural set-
tings to be used in a variety of cultural training systems or

other systems that take place in mixed cultural settings. Our
findings could also be of interest to the gaming industry,
where there may be a need for characters who speak the
player’s language but appear to be from another country.
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