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a b s t r a c t

We designed and implemented cross-cultural learning activities for this study. Participants
from two countries, geographically located very far from each other, represented different
cultures that have no communication language in common. Two systems were applied to
learning activities in order to enable interaction and information exchange among the
participants: (1) a speech-to-text recognition system, which generates texts from a speaker's
voice input in his/her native language and (2) computer-aided translation system, which
simultaneously translates texts into the language of the speaker's foreign peers. The goal
was to test the feasibility of learning activities supported by the two systems and their
effectiveness for cross-cultural learning. To this end, we evaluated participants' learning
outcomes, analyzed their online communication with peers, and carried out a question-
naire survey and interviews with both the participants and their instructors. The use of
multiple data sources allowed triangulation of the findings, thus adding rigor to the
research. We obtained three findings through this study. First, cross-cultural learning took
place. Second, the questionnaire and interview results show that the two systems are easy
to use and useful for cross-cultural learning. According to participants, even with no
common language, they could still interact and exchange culture-related information using
the two systems. Finally, the results indicate that the texts produced by the two systems
are acceptable and useful for the cross-cultural learning of participants (except texts
translated from Russian into Chinese in the second week). These findings suggest that the
educators and researcher can implement cross-cultural learning activities for participants
with no common language with the support of speech-to-text recognition and computer-
aided translation systems, as these two systems can help participants to communicate and
exchange culture-related information.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Today's world has been called a global village; it can be seen as a single multicultural community in which the lives of
people are connected across boundaries through telecommunications (McLuhan & Powers, 1989). A global village's residents
are no longer defined by their state citizenship; however, they are aware of thewider world and have a sense of their own role
Huang).
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in making the world a more equitable and sustainable place (Bovair & Griffith, 2003). In a global village, people easily learn
about important global issues and then attempt to address them by working together. For example, students from Italy and
Germany study the building of minarets in Switzerland as a part of their international tele collaborative project, discuss the
pros and cons of this global issue, and then share their opinions with awider audience (Guth&Helm, 2012). In another global
citizenship project, students in the United Kingdom and Ghana discussed the AIDS issue (Bovair & Griffith, 2003). When
working on such projects, people need to understand the diverse cultural backgrounds of others in order to collaborate with
them effectively. Otherwise, a lack of cultural sensitivity may hamper the relationship and cause problems. That is to say, it is
important to recognize that what people from one culture are allowed to do can be prohibited in another culture. Moran,
Abramson, and Moran (2014) discuss cultural differences in several dimensions, e.g. dress and appearance, relationships,
values, standards, and so on. In terms of food and eating habits, they suggest that “the manner in which food is selected,
prepared, presented, and eaten often differs by culture … Americans love beef, yet it is forbidden to Hindus, while the
forbidden food in Muslim and Jewish culture is pork, eaten extensively by the Chinese and others” (Moran et al., 2014: 12).
Therefore, understanding others' cultures helps to overcome cultural difference and helps to maintain harmonious
relationships.

Culture is defined as the knowledge, customs and language a group of people share, and it is formed over many gener-
ations (Kittler, Sucher, & Nelms, 2011). Culture is passed on from generation to generation through socialization. Under-
standing the culture of others is very important in today's global society. It helps tomaintain harmonious relations and is good
for the cultural, technological, economic, and political welfare of every nation (Bartell, 2003; Bern�ald, Cajander, Daniels, &
Laxer, 2011). It is therefore vital for educators to teach learners to understand and value the culture of others so that they
can interact effectively and comfortably in a world characterized by close multi-faceted relationships and permeable borders
(Huang, Chen,&Mo, 2015). Furthermore, learners need to amass a certain level of global competence to understand theworld
they live in and how they fit into it.

Cultural convergence theory explains cross-cultural understanding (Gudykunst, Ting-Toomey, & Chua, 1988; Kincaid,
1979). According to this theory, cross-cultural understanding takes place through the communication and information
exchange of two or more learners from different cultures when they reach a mutual understanding of each other's
culture and the world in which they live. That is, experiences and insights of other cultures that learners communicate
and share among themselves enable the expanding of their cultural awareness and behavior (Gudykunst et al., 1988;
Kincaid, 1979).

In cross-cultural learning, learners acquire knowledge and skills related to different cultures, and they also absorb new
attitudes and values as a result of this experience and participation (Yamazaki & Kayes, 2004). Traditionally, cross-cultural
education in school is based on textbooks and an instructor's knowledge and experiences. However, neither source can
provide a thorough and authentic cross-cultural education for two main reasons (Bloom & Johnston, 2010). Firstly, textbooks
are often biased andmostly present the views of the dominant class. Secondly, teachers may be biased towards other cultures,
or theymay have only limited cross-cultural knowledge and experience. Therefore, Bloom and Johnston (2010) and Yamazaki
and Kayes (2004) argue that cross-cultural programs need to be administering as united, connected events, and as a
knowledge-building continuum. The following essential learning behaviors are underlined in related literature as leading to
cross-cultural understanding and are points that educators and researchers need to emphasize in the cross-cultural learning
process (Yamazaki & Kayes, 2004): (a) building relationships e interacting with others regularly, particularly with members
of the host culture; (b) valuing people of different cultures e expressing interest and respect for the host culture, including its
history, customs, and beliefs; (c) listening and observing e spending time observing, reading about, and studying the host
culture, particularly with members of the host culture; (d) coping with ambiguitye understanding ambiguous situations and
making sense of new experiences; (e) translating complex information e translating personal thoughts into the language of
the host culture.

To facilitate these essential behaviors, various learning activities have been proposed in the literature. Self-introduction is
one activity that enables learners to become acquainted with one another and with other cultures (Liu, 2007; Tu, 2004).
According to Curtis and Lawson (2001), this activity reinforces the comfort level in a classroom and encourages more social
interaction among learners. Self-introduction helps learners to identify and examine their own cultural values and those of
their peers (Chase, Macfadyen, Reeder, & Roche, 2002). Creating media content and sharing it with others is another activity.
This enables peer-to-peer learning, diversification of cultural expression, more empowered cross-cultural understanding, and
respect for multiple perspectives across diverse communities (Jenkins, Purushotma, Weigel, Clinton, & Robison, 2009). In
addition, learners are able to discern important concepts from shared content and then synthesize them with information
from other sources during this activity (Jenkins et al., 2009). Performance and appropriation activities enable learners to adopt
alternative identities and sample and remix media content meaningfully for the purpose of improvisation and discovery
(Jenkins et al., 2009). Through performance and appropriation, learners from various cultures can introduce their own cul-
ture, share their ideas, artifacts and perspectives, as well as experience their peers' foreign culture (Bloom & Johnston, 2010).
Finally, a reflecting on foreign culture activity enables learners to share their reflections and experiences with peers. This
activity also allows learners to gain a better cross-cultural understanding and an understanding of the strengths and
weaknesses of cross-cultural learning activities (Tu, 2004).

Cooking is defined as the preparation of food for consumption by the use of heat (Katz & Weaver, 2003). According to
Kittler et al. (2011), cooking tends to be associated with a specific culture, environment, and history, and as a result, each
culture's culinary approach is distinctive in terms of ingredients, methods, and dishes. Cusack (2000: 207) argues that “every
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nation has its own cuisine.” Following this notion, Chuang proposed the term “National Cuisine” (2009). It refers to food
cultures that are practiced in terms of production and consumption in specific ethnic communities and places. “Stinky tofu” is
one distinct example of Chinese national cuisine. It is a kind of fermented tofu which has a very strong, unpleasant odor.
According to Liu, Han, and Zhou (2011), stinky tofu was a favorite food of the Chinese in the period from the Wei Dynasty to
the Qing Dynasty. Despite its unpleasant smell, many develop an appetite for Stinky tofu, and it is currently a popular local
food in Taiwan and many regions of China (Liu et al., 2011).

It is believed that learners from different countries may understand each other's cultures better if they perform the
learning behaviors discussed in Yamazaki and Kayes (2004) and participate in the learning activities proposed in Bloom and
Johnston (2010), Chase et al. (2002), Curtis and Lawson (2001), Jenkins et al. (2009), Liu (2007) and Tu (2004). Furthermore, if
learning activities are framed within a specific topic, such as “National Cuisine,” it is assumed that learners will be more
interested in cross-cultural learning and the topic will draw their attention and motivate their interest (Shadiev, Hwang, &
Huang, 2015). However, spoken language is not the same in different cultures (Moran et al., 2014). Therefore, how can ed-
ucators ensure that learners from different cultures with no common language can communicate and exchange culture-
related information with each other? This is a question that concerns most educators and researchers working in this
field. One possible solution to this issue is computers. For example, the Speech-to-text recognition (STR) system synchro-
nously transcribes text streams from speech input (Shadiev, Hwang, Yeh et al., 2014). According to related studies, the STR
system is a potential learning tool that has been successfully applied in many educational studies (Hwang, Shadiev, Kuo, &
Chen, 2012; Kuo, Shadiev, Hwang, & Chen, 2012). For example, this system has been used to assist learners with cognitive
or physical disabilities and those who attend speeches given in languages other than their mother tongue (Shadiev, Hwang,
Chen, & Huang 2014; Wald & Bain, 2008). Computer-aided translation (CAT) allows translating texts into different target
languages (Godwin-Jones, 2011). Related studies suggest that CAT systems have a great potential to aid learning, especially in
second or foreign language learning. For example, CAT has been applied to assist learners inwriting texts in the target second
or foreign language and to correct grammatical and lexical errors in texts (Hermet&D�esilets, 2009). In a study by Omar, Embi,
and Yunus (2012), EFL learners had an online discussion for which they utilized CAT to translate and search for appropriate
words to express their opinions and ideas and to check grammar and spelling to overcome problems in constructing sen-
tences. When both systems are applied, interlocutors from different cultures are able to communicate in their mother tongue
and understand each other. However, to the best of our knowledge, not many studies have been carried out using these two
systems to support the communication of interlocutors from different cultures. Particularly, whether such a technological
approach facilitates cross-cultural understanding or not has not yet been tested. Therefore, this study is an attempt to address
the existing gaps in the related research. That is, we designed cross-cultural learning activities supported by speech-to-text
recognition and computer-aided translation systems and tested the feasibility of using learning activities supported by the
two systems and then examined their effectiveness with regard to cross-cultural understanding.

2. Method

Ten junior high school students aged 14 to 18 voluntarily participated in the online cross-cultural learning activities
designed for the purposes of this study. Six participants were Chinese native speakers from Taiwan, and four participants
were Russian native speakers from Uzbekistan. None of the participants had experience with speech-to-text recognition use,
but they all had two to three years of experience with computer-aided translation (i.e. electronic dictionaries and web-based
translation systems such as Google Translate) and more than 5 years' computer and Internet experience. The participants did
not have any prior knowledge of the food introduced by their foreign counterparts or the related culture, as the curricula of
primary and secondary education in Taiwan and Uzbekistan do not cover such topics. This was confirmed by the participants'
self-reports. In addition, the participants indicated that none of them had ever participated in online cross-cultural learning
activities.

Two instructors, one Chinese native speaker in Taiwan and one Russian native speaker in Uzbekistan, guided the
participants during the learning activities. Both instructors are experienced in online cross-cultural learning as they have
designed and taught such courses for several years. Initially, the instructors explained all the learning activities to the
participants and showed them how to communicate information to their foreign counterparts more efficiently in order
to enhance their foreign counterparts' cross-cultural understanding and avoid any culture-related misunderstandings
and miscommunications. In situations where the students couldn't understand some information communicated by their
peers, the instructors explained it. Therefore, no serious communication flow issues were experienced by students. In
addition, the instructors trained the participants in how to use speech-to-text recognition and computer-aided trans-
lation. Participants then practiced using STR to generate texts in their native language and then used computer-based
translation software to simultaneously translate the STR-texts into the target language. During the learning activities,
an instructor guided participants through the use of systems and offered instant support for technology-related
questions.

The aim of this study was to enhance participants' cross-cultural understanding through their participation in online
learning activities implemented over a period of four weeks. In the first week, participants make self-introductions, explain
where they are from and introduce their interests (e.g. what they like to do or what their favorite local food is). Participants
introduce their favorite local food and recipes in the secondweek. In addition, participants are encouraged tomention history
and traditions related to that food. In the third week, the participants cook food according to recipes introduced by their
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interlocutors from the other culture. Finally, in the fourth week, all participants share their experiences related to cooking
food and reflect uponwhat they have learned related to culture. Examples of self-introductions, recipes and the reflections of
participants are included in Appendix 1.

Another aim of this study is to support bi-cultural communication and information exchange among participants from two
different cultures who do not share a common language. To this end, STR and CAT systems are used. An Android based Google
voice recognition system served as the STR tool, and the Google Translate system served as the CAT tool. Fig. 1 shows the
communication flow among the participants. Participants from Taiwan spoke into a microphone, and the STR system
generated Chinese text from their speech input. The STR-texts were then translated from Chinese into Russian. After that,
CAT-texts in Russian were posted online on the project website so that participants from Uzbekistan could read them. Par-
ticipants from Uzbekistan communicated in the same way: their speech in Russian was transcribed into text; the newly
generated STR-texts were translated into Chinese, and then CAT-texts in Chinese were posted online on the project website
for participants from Taiwan to read. Students had to turn the STR on to get STR-texts from their voice input, and they had to
turn it off after their speech was completed. The CAT translated all STR-texts.

ElShiekh (2012) and Shadiev, Hwang, Yeh et al. (2014) assert that texts produced by STR and CAT systems may contain
mistakes and ambiguities. Therefore, two instructors corrected language-based inaccuracies (misspellings, wrong
translations, and so on) in texts that were produced either by the STR or CAT, and they prepared error-free STR- and CAT-
texts for participants.

The data for analysis was collected from multiple sources: (1) participants' online communication during learning ac-
tivities, (2) a questionnaire survey, and (3) one-on-one semi-structured interviews. The use of multiple data sources allowed
triangulating the main findings and rendered the conclusions richer, more nuanced, and more reliable.

First, based on the participants' learning outcomes, cross-cultural understanding was measured. Learning outcomes were
extracted from participants' online communication, namely, their reflections in which they shared their cooking experiences
and reflected uponwhat they had learned concerning their interlocutors' culture, history and traditions. A concept as a coding
unit was adopted. Text segments that represented participants' cross-cultural understanding with respect to the following
three dimensions: (1) a foreign food, (2) related history, and (3) traditionwere highlighted and coded. Codes were then sorted
to form categories; codes with similar meanings were aggregated. Established categories produced a framework for reporting
research findings. Anderson and Krathwohl (2001) taxonomy was employed during the evaluation. Specifically, the following
two rubrics of the taxonomy were employed for the evaluation: (1) remember - retrieve relevant knowledge from long-term
memory and (2) understand - construct meaning from instructional messages, including oral, written, and graphic
communication. A score of “1” was given if participants remembered but did not understand how to cook a foreign food and
its related history and traditions whereas a score of “2” was given if participants both remembered and understood how to
cook a foreign food and its related history and traditions. Participants got a score of “0” if they did not remember or un-
derstand either one. Three raters were involved in the evaluation process. The inter-rater reliability coefficients among them
were calculated using Cohen's kappa. The mean inter-rater reliability among the three raters exceeded 0.90, which dem-
onstrates excellent agreementdwell beyond chance.

Second, a questionnaire survey was administered at the end of the learning activities to explore participants' perceptions
regarding the ease of use and usefulness of the learning activities supported by the STR and CAT systems to facilitate
cross-cultural learning. The questionnaire was designed based on TAM (Davis, 1989). Three dimensions were covered in
the questionnaire: perceived ease of the technology's use, perceived usefulness of learning activities supported by the
technology for cross-cultural learning, and behavioral intention to use these technologies for learning activities in the
future.

(I) Perceived ease of use - is the degree to which a participant believes that using STR and CAT systems are free of physical
and mental effort:

1. Learning to operate STR and CAT systems are easy for me;
2. I find it easy to get STR and CAT systems to do what I want them to do;
3. Interacting with STR and CAT systems does not require a lot of mental effort;
Fig. 1. Communication flow among participants.
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4. My interaction with STR and CAT systems is clear and understandable;
5. It is easy for me to become skillful at using STR and CAT systems;
6. Overall, I found the STR and CAT systems to be easy to use.
(II) Perceived usefulness is the degree to which a participant believes that participating in cross-cultural learning activities
supported by STR and CAT systems enhances his or her learning performance:

1. Participating in learning activities supported by STR and CAT systems improves the quality of my cross-cultural

understanding;
2. Participating in learning activities supported by STR and CAT systems helps me to accomplish tasks more quickly;
3. Participating in learning activities supported by STR and CAT systems increases my productivity;
4. Participating in learning activities supported by STR and CAT systems enhances effectiveness of my cross-cultural

understanding;
5. Participating in learning activities supported by STR and CAT systems improves my performance;
6. Overall, I found participating in learning activities supported by STR and CAT systems to be useful for my cross-

cultural understanding.

(III) Behavioral intention is a major determinant of whether or not a participant actually uses STR and CAT systems:
7. I intend to continue using STR and CAT systems in the future;
8. I plan to use STR and CAT systems often;
9. I will strongly recommend to others that they use STR and CAT systems.
Participants scored each item of the questionnaire using a five-point Likert scale anchored by the end point “strongly
disagree” (1) and “strongly agree” (5). The Cronbach a values exceeded 0.90 in all dimensions, indicating that the internal
consistency reliability of the survey was satisfactory.

At the end of the learning activities, in-depth, one-on-one semi-structured interviewswith all students and the instructors
were carried out. The interviews consisted of open-ended questions in which students and the instructors were asked about
their experiences during learning activities and about howuseful they considered the learning activities supported by the two
systems to be for cross-cultural learning. Each interview took approximately 30 min. Interview content was audio-recorded
with the participants' permission and then was fully transcribed for analysis. Three raters were involved in this analysis.
Raters first examined the most distinctive responses and resolved big differences in the responses through discussion and by
consensus. After that, they were engaged in the formal coding process. Raters coded the transcribed texts and categorized
codes to produce a framework for reporting the research findings. Cohen's kappa was adopted to evaluate the inter-rater
reliability; the results exceeded 0.90, which indicates high reliability.

Finally, it was necessary to analyze the accuracy rates of the STR and CAT collected from the participants' original
posts before they were edited by the instructors. The number of all correct words in an original post was divided by the
number of all words in an edited post and then multiplied by 100 in order to calculate the accuracy rate of both the STR
and CAT.
3. Results and discussion

3.1. Measuring cross-cultural understanding

According to the participants, none of them had had any prior knowledge regarding the food they cooked in this study,
nor of the related food history and traditions. After the evaluation of participant outcomes, it was found that students could
both remember and understand both how to cook the food introduced by their international peers and how it related to
their culture's food history and traditions. According to Anderson and Krathwohl (2001), the Remember cognitive level
represents the ability to retrieve relevant knowledge from long-term memory while the Understand level represents the
ability to grasp the meaning of the learning material. The evaluation results showed that participants could recall, interpret,
summarize, compare and explain what they had cooked and the related food culture and traditions. Some text segments
representing key concepts related to the cooked food and associated history and traditions were extracted from the
participants' communications (see examples in Appendix 2). Participants' outcomes showed that they understand how to
cook the food introduced by their foreign peers. In addition, text segments from Participant ID 7, Participant ID 8 and
Participant ID 9 showed that when participants made comparisons of the foods and provided the appropriate explanations,
it was clear that they understood the differences between the food they had cooked and the food of their own culture.
Participant ID 8, Participant ID 9, and Participant ID 10 discussed the origins of the food they cooked and compared it to
their local food and related history. This shows that participants acquired adequate understanding of the historical origins
of the food. Furthermore, the results showed that the participants understood the relevant food culture and traditions as all
four participants compared and explained the similarities and differences between the food and related culture and the
traditions introduced by their peers as well as their own. These results suggest that cross-cultural learning took place and
could be attributed to the learning activities supported by the STR and CAT systems. According to the related literature,
cross-cultural learning takes place after learners communicate and exchange culture-related information with each other
(Gudykunst et al., 1988; Kincaid, 1979). In the process designed for this study, students discuss their local food, exchange
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recipes and also cook the food using recipes from their foreign peers. Such learning experiences enable cross-cultural
learning to take place.
3.2. Perceptions of participants

The results of the questionnaire survey analysis show that participants perceived STR and CAT systems to be easy to use
(M ¼ 4.92; SD ¼ 0.28) and the learning activities supported by the systems to be useful for cross-cultural learning (M ¼ 4.9;
SD ¼ 0.30). Participants also indicated a high level of behavioral intention to use STR and CAT systems in the future (M ¼ 4.3;
SD ¼ 0.88). The interview data indicated that the participants believe that the learning activities supported by STR and CAT
systems facilitated their cross-cultural understanding. For example, participants communicated and exchanged information
among themselves with the help of the systems. Self-introductions enabled them to become acquainted with each other. In
addition, participants could learn about each other's interests, hobbies and favorite food and notice some cultural differences
between themselves and their foreign peers. When participants posted recipes for their local food or cooked food using
recipes posted by peers, they were able to learn more about both their foreign peers' and their own food and related culture.
This type of reflection is may be considered particularly beneficial as it enables participants to gain insight into their cooking
experiences and related culture. In addition, participants could compare their local food and related culture to that presented
by their distant peers and could find some similarities and differences. These findings of participants were also shared with
their distant peers.

Data analysis of the interviews with the instructors confirmed that learning activities supported by the STR and CAT
systems were beneficial for participants' cross-cultural understanding. According to the instructors, useful information
related to the participants' own or the culture of their peers was exchanged. It was provided in one language and then
translated into the language of their peers. All the students participated in sharing information about food, history and
traditions, and their input was well understood by participants from both countries.

It has been suggested that the acceptance of technology should be evaluated on a pedagogical basis to interpret its usage.
According to Davis (1989), perceived ease of use, perceived usefulness and behavioral intention are dimensions that measure
technology acceptance. The results of this study show that participants accepted both the STR and CAT systems in terms of
ease of use, and indicated their willingness to use these systems in the future. Furthermore, they made it clear that they felt
that the learning activities supported by the systems were useful for cross-cultural learning. Interviews with both the par-
ticipants and the instructors supported this finding.
3.3. Accuracy rates of STR and CAT

Table 1 shows the accuracy rates of STR and CAT systems for Chinese and Russian text generation and translation. Ac-
cording to the data, the self-introduction texts were STR-generated with a 99 percent accuracy rate when spoken in Chinese
andwith 100 percent accuracy when spoken in Russian. Recipes for local food were STR-generated with a 91 percent accuracy
rate when spoken in Chinese and with a 96 percent accuracy rate when spoken in Russian. Spoken reflections in Chinese had
94 percent accuracy rate, and those spoken in Russian had a 98 percent accuracy rate. One reason that might explain the slight
difference between the accuracy rates between Chinese and Russian (especially five percent inWeek 2 and four percentWeek
4) is that the Uzbek participants practiced with STR and CAT systems for a longer time than the Chinese students. It has been
suggested that the STR system-based teaching and learning activities should be designed in a way that encourages users, i.e.
instructors and students, to use them more regularly (Hwang et al., 2012; Kuo et al., 2012). Through this approach, users
become able to identify the strengths and limitations of the STR through real experience. For example, after noticing that the
STR system generates text with errors when speech is too fast or too slow, not fluent, and spoken in a low voice, speakers learn
to adapt to the limitations of the STR recognition system. That is, speakers start to speak with moderate speed and volume,
less spontaneity, and with better fluency.

According to the results, during Week 2, the STR system had a lower accuracy rate when generating texts from input in
both Chinese and Russian. This may be because the sentences used to introduce local food and related culturewere longer and
more complex than the sentences inwhich students introduced themselves (Week 1) or reflected on their experiences (Week
4). Another reason may be that the sentences in Week 2 contained some specific names of food ingredients or terminology
related to history and culture that the STR system could not recognize correctly.
Table 1
STR and CAT accuracy rates (in percentage).

Input STR CAT

Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4

Chinese 99 91 NAa 94 89 76 NAa 82
Russian 100 96 NAa 98 88 74 NAa 80

a Participants have been cooking and no communication took place.
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After STR-texts were generated and before the CAT process, texts were edited to make them 100 percent accurate in order
to increase the CAT accuracy rate. That is, all errors in the STR-texts were determined and corrected by the instructors. An
error constitutes a misspelled word, e.g. “хануМ” (spoken and correct) / “ханны” (generated by the STR and misspelled). In
addition, missing punctuation marks, such as commas and periods, were added in the revised texts. According to the table,
self-introduction texts were CAT-translated from Chinese into Russianwith an 89 percent accuracy rate and from Russian into
Chinese with an 88 percent accuracy rate. Recipes were CAT-translated from Chinese into Russian with a 76 percent accuracy
rate while recipes in Russian were translated into Chinese with a 74 percent accuracy rate. Texts of reflections were CAT-
translated from Chinese into Russian with an 82 percent accuracy rate and from Russian into Chinese with an 80 percent
accuracy rate.

The difference between the CAT accuracy rates in Chinese and Russian was only one or two percent. The lowest CAT ac-
curacy rate occurred in Week 2 for both languages (74 and 76 percent). Perhaps, the low CAT accuracy rate was due to the
same reasons mentioned earlier: sentences were longer and contained specific names of food ingredients and terminology
related to history and culture. According to researchers in the field (Barrachina et al., 2009; Mellebeek, Khasin, Owczarzak,
Van Genabith, & Way, 2005), current CAT systems are still not able to deliver perfect translations. It has also been sug-
gested that CAT systems produce better translations when confronted with short sentences compared to longer and more
complicated ones because of highly limited linguistic context (Mellebeek et al., 2005). That is, the longer the sentence, the
more likely it is that the CAT system will be led astray by the complexities in the source and target languages. Researchers
(Hwang et al., 2012; Kuo et al., 2012; Shadiev, Hwang, Yeh et al., 2014; Wald & Bain, 2008) argue that STR-texts or CAT-texts
with only reasonable accuracy rate are acceptable and useful for students. That is, texts with accuracy rates of only 75e85
percent (Wald & Bain, 2008) can still enable teaching and learning. Following this suggestion, it can be concluded that all of
the STR-texts and CAT-texts in this study were acceptable and useful for the participants, except for recipe texts CAT-
translated from Russian into Chinese (74 percent accuracy rate). To address the low accuracy rate of CAT-texts, several ap-
proaches have been proposed in the literature. One of them is that students or the instructor should correct errors in CAT-
texts (e.g. correct misrecognized words, insert missed words, or delete superfluous wording) (Barrachina et al., 2009;
Mellebeek et al., 2005). In this way, all CAT-texts can eventually be revised into 100 percent accurate texts so as to make
them optimally useful and meaningful for teaching and learning. To minimize confusion and miscommunication, it is
important that the instructors explain to students that they need to make sentences shorter and less complex so that a better
translation can be obtained from the CAT. Students should also be encouraged to train on the two technologies in advancee
the longer the training, the better. This is particularly true for cross-cultural communication that contains a lot of specific
terminology that may not be included in the system's database. Wald and Bain (2008) suggest that the accuracy rate of
untrained STR is only 75 percent, but that it reaches 90 percent after moderate training and 91 percent after the STR dic-
tionary has been customized with unfamiliar domain-specific terminology. How much training is necessary to reach an STR
accuracy rate of higher than 90 percent is not clear; different suggestions have been made in related studies, i.e. 1 month
(Hwang et al., 2012), 3 weeks (Kuo et al., (2012) and 1 week (Shadiev et al., 2015; Shadiev, Hwang, Huang, & Liu, 2016).
Looking at the time when these studies were published, it seems that the capacity of the STR has increased dramatically due
to rapid advances in technological development. Therefore, in this current study, we asked students to train on both the STR
and CAT systems for at least one week. As a result of the training, students were able to achieve fairly high accuracy rates in
their STR and CAT texts. Practice with the STR and CAT was part of the training that enabled students to learn by doing. For
example, students translated a sentence, and if they were not satisfied with the results, they quickly learned to change the
sentence structure, to use more common words, or to make the sentence shorter.
3.4. Pedagogical usefulness of learning activities supported by STR and CAT systems

Based on our results, we can highlight some points related to the pedagogical usefulness of learning activities supported
by STR and CAT systems for cross-cultural learning. First, an application of STR and CAT systems to online cross-cultural
learning activities can facilitate bi-cultural communication among participants who are geographically and culturally
distant and do not share a common language. In such cases, participants do not need to rely on translators and can
communicate independently. There is no limit to the amount of information they can communicate using these systems once
they learn to navigate their basic weaknesses i.e. using more, but shorter sentences for the sake of accuracy. Second, through
bi-cultural communication supported by the two systems, participants are able to learn and understand foreign culture in an
authentic context as they communicate with members of the partner culture. Third, participants not only receive information
about a foreign culture from their correspondents, but also have an opportunity to ask questions and to share personal
opinions, ideas and reflections to better andmore deeply understand the foreign culture. Fourth, this communicationmethod
makes the instructors and participants less anxious because no foreign language skills are required. Therefore, STR and CAT
systems have significant value and importance and can be utilized in education, especially for cross-cultural learning. As the
approach used in this study is convenient and independent, it holds great potential for solving problems teachers and stu-
dents typically encounter when teaching and learning cross-cultural understanding through participating in learning
activities.
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4. Conclusions

This study tested the feasibility of learning activities supported by the two systems under consideration and their
effectiveness for cross-cultural learning. To this end, participants' learning outcomes were evaluated; their online
communication with their peers was analyzed, and a questionnaire survey and interviews with participants and their
instructors were carried out. The findings obtained through the use of multiple data sources were triangulated to make
the research more rigorous. The results of this study show that cross-cultural learning took place. Furthermore, according
to the results, speech-to-text recognition and computer-aided translation are easy to use, and participants enjoyed the
activity to the degree that they indicated that they would like to use them in the future. According to these participants,
learning activities supported by the systems are useful for cross-cultural learning. Particularly, application of these two
systems helps participants from two different cultures to interact, communicate, and exchange information without the
benefit of a common language. Finally, the results confirm that all the STR and CAT-texts were acceptable and useful for
participants, except texts translated from Russian into Chinese in the second week's learning activity.

Based on these results, several implications and suggestions may be made. First, it is suggested that teachers and students
utilize STR and CAT systems for supporting teaching and learning activities. Namely, this approach is useful for courses on
cross-cultural understanding when bi-cultural communication is desired between teachers and students who do not have a
common language. However, teachers and students need to be alerted about the accuracy rate of texts produced by STR and
CAT, which can be low in some cases. In the current study, instructors manually corrected STR-texts and CAT-texts when they
had low accuracy rates before they were sent to the recipients. This issue requires serious consideration as the editing process
takes the instructors' time and effort, and it slows down the communication flow among students. One may argue about
necessity of the STR technology for cross-cultural communication since produced texts have to be manually corrected. There
are several reasons against this argument, one of which is that we corrected only a small amount of the text in this study (less
than 4%, on average, was inaccurate, i.e. four words out of one hundred). The other argument is that we need to manually edit
the text due to the current capacity of the STR. However, as this type of technology has been improving exponentially in
recent years, so it is reasonable to believe that the accuracy rate of the STRwill improve dramatically and that there will be no
need for correcting STR-texts in the very near future. In addition, we claim that STR input is more fun and convenient than
typing when students use mobile technology for cross-cultural communication, as mobile technology plays an integral role in
students' everyday lives nowadays whereas typing on mobile devices is not so easy. Furthermore, we argue that the accuracy
rate of STR-texts and CAT-texts can be increased tomake them acceptable and useful for learning although to accomplish this,
the following suggestions should be followed: First, students need to practice with STR and CAT systems for a fairly long
period of time and fairly frequently. In this way, they will soon find the strengths and limitations of the systems so as to fully
utilize it afterwards. Second, making input sentences shorter is helpful for the accuracy rate; therefore, one is often wise to
split a long sentence into two ormore shorter sentences. In addition, we suggest training on both systems so that the software
can learn to recognize some specific words and terminology that are frequently misrecognized. This can be done by adding
these words into an STR or CAT terminology bank so that they will be remembered and recognized correctly in the future.
Furthermore, we suggest that STR-texts or CAT-texts should be edited by the students themselves. That is, mistakes in texts
should be corrected tomake the texts more accurate and thereforemore acceptable and useful for learning. Our project lasted
for four weeks during which participants exchanged information about food and culture as well as cooked some food ac-
cording to the communicated recipes. One may wonder whether this could have been done in a shorter time. We admit that
this is possible if participants have different demographic characteristics and if the time given to accomplish activities is
shorter. Participants in the current study were junior high students. Usually, such participants are busy studying many
subjects since they need to prepare for the final exam in junior high school and entrance exam to senior high school, so they
do not havemuch time for other activities. It also takes time to collect information, e.g. recipes and related culture, and to cook
food introduced by peers. Given these two reasons, we asked the students to complete each activity in a week.

Some limitations of this study need to be acknowledged. A small sample size was involved, and a short period of time was
allotted for learning activities. For these reasons, the obtained results cannot easily be generalized. In a future study, more
students should be involved in longer-term learning activities. In addition, students' cross-cultural understanding should be
investigated in more detail because it can be cultivated at different depths. Of particular interest to future research is a web-
based learning activity in which students from different classrooms around the world, which represent more than two
cultures and speak in more than two languages, communicate and exchange information with each other.
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Appendix 2
Text segments with key concepts related to a food and related history and traditions

Participant ID 7
It seems that pilaf is similar to fried rice. In fried rice, we also need to add some meat, like chicken or beef, and some

vegetables. I think, our cultures are somehow similar. We have rice and they have rice. We both have rice food. Pilaf is served
during weddings. In Taiwan, sometimes, we can also see fried rice in weddings. Our weddings are also very big with many
invited guests, sometimes around 500 people. The difference is that pilaf is food for Muslims and they do not add pork but
beef or mutton.

Participant ID 8
Shurpa is similar to beef noodles and hot pot in Taiwan.We addmeat and vegetables to these dishes. Shurpa, beef noodles,

and hot pot are useful for health. They all contain vitamins, proteins and good for digestion. But we use noodles in beef
noodles and we add sliced meat in hot pot. This is different from shurpa. We do not have nomads and shepherds in Taiwan. In
contrast, we keep animals in farms and Taiwan is too small for having nomads. Perhaps, this culture can be more similar to
culture of Mainland China. And beef noodles comes to us from there.

Participant ID 9
I cooked shrimp omelet. I selected this dish because it is easy and fast to cook. I never tried shrimps becausewe do not have

sea or ocean in my country and this is why we do not have shrimps. Shrimps here are imported and frozen. They are very
expensive. I like shrimp omelet. I easily cooked it. Here, this dish is called omelet too, but without shrimps. We add sausage
instead of shrimps and vegetables. We also add potatoes, it was interesting to know about history of shrimp omelet. Before,
Hollanders invaded south of Taiwan and this is why shrimp omelet is popular in south of Taiwan.

Participant ID 10
Our people also experienced some difficulties many years ago. Many people could not afford meat. They used to cook

animals parts, like leg of lamb. People cooked kalla pocha, aspic, and so on.
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