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Abstract. Thanks to today’s technologies, the world’s borders have
been fading away and intercultural collaboration has become easier and
easier. Language and cultural differences are common problems in inter-
cultural collaboration. Machine translation (MT) is now available to
overcome the language barrier, so people can easily express and under-
stand messages in different languages. However, misunderstandings often
plague users from different cultures, especially in MT-mediated commu-
nication. To communicate productively, it is important to avoid such
misunderstandings. One existing work proposed the idea of using auto-
mated cultural difference detection to warn the users of misunderstand-
ing. However, no study has examined how such warnings affect the com-
munication. To eliminate this gap, we conduct a controlled experiment
on how users react to the warnings and what are the results in terms
of communication. The results show that, with the data from cultural
difference detection, warning the user of cultural misunderstanding can
help reduce misunderstandings and increase awareness of cultural differ-
ences. The results of this experiment confirm the effectiveness of cultural
misunderstanding alerts and suggest new directions in multilingual chat
design.

Keywords: Intercultural collaboration · Machine translation ·
Cultural misunderstanding

1 Introduction

Given the advances in transportation and technology, we have more chance to
communicate across cultures than before. Intercultural collaboration and cul-
tural diversity provide societies with vast benefits [5]. Nevertheless, communi-
cation is challenged by many difficulties. In the past, people needed to learn
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a foreign language or needed an interpreter to communicate smoothly across
languages. Now, communication has been made easier through the support
of machine translation (MT). There are various tools and services available
to choose from. MT can be easily used by general users without any expert
knowledge to translate documents, conversations, and messages. It has also been
embedded in chat systems so that users without a shared language can commu-
nicate. Moreover, there are various web services that can be used by both general
users with more technical knowledge to create their own resource [8].

However; MT is still not perfect and it can cause various difficulties, for
example, misunderstanding due to mistranslation, conversation breakdown [13],
and gaps in mutual comprehension [16].

Some difficulties, i.e. mistranslation, can be solved by improving MT quality.
Even with improvements in quality, there are some situations where MT out-
put hinders successful communication. For instance, a group of researchers [14]
conducted a field study at a children’s workshop where the children used an
MT-embedded chat system communicate. They reported that communication
became difficult when an adult facilitator showed a block of brown play dough
to the children and asked “what does this looks like?”. A Japanese participant
answered it looks liked ‘ (Anko)’ which is can be translated as ‘red bean
paste’. The children from different cultures did not understand reference made
by the Japanese participant. Later they used image browser to find pictures of
Anko and they came to understand that it is a block of stiff red bean paste.
Even with perfect MT quality, this kind of cultural problem still occurs and cre-
ates a barrier to achieving mutual understanding. For effective collaboration, it
is important to establish mutual understanding but the current MT-embedded
chat systems sometimes fail and actually cause cultural-based misunderstand-
ing. Based on this field study, one study proposed automated cultural difference
detection [15]. Their method detects cultural difference by comparing images in
databases linked to each language. They also suggested that the result of cultural
difference detection be used to warn the users of possible cultural differences.
However, the impact of warning the users of these differences was not confirmed.

To fill this gap, we conduct a controlled experiment based on our research
question: how warning the user of possible cultural differences and cultural mis-
understandings can affect MT-based communication?. Our hypothesis is that
warning the user of cultural misunderstanding will significantly help the user
in reducing misunderstanding and thus support mutual understanding. We
designed a collaborative task and asked our participants to complete the task
together by chatting on an MT embedded chat system with cultural misun-
derstanding warnings for the experimental group and without warning for the
controlled group. We interviewed the participants to find out if each partici-
pant understand correctly or not, then conduct a t-test to examine if there is a
significant difference between the experimental group’s understanding and the
controlled group’s understanding.

In the next section, we introduce studies related to our work. Section 3
reviews a key component of our experiment, a key method to detect cultural
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differences. Next, Sect. 4 details our experiment. The results of the experiment
are shown in Sect. 5 and discussed in Sect. 6, which is followed by our conclusion
of this paper.

2 Related Work

2.1 Misunderstanding in Intercultural Collaboration

Because people with different language backgrounds sometimes perceive things
differently [3], misunderstanding can readily occur in intercultural collaboration.
Because of this, many studies have tackled cultural misunderstanding.

Grounding a conversation or establishing mutual understanding is diffi-
cult, especially when communication is carried out via a chat system or MT.
Yamashita et al. [16] studied why and how conversation grounding is problem-
atic in MT-mediated communication. Their experiment found three problems.
First, the users were not aware of which conversation content was or was not
being shared. Second, the users were not aware which concepts they could or
could not share with others. Third, users faced difficulties in constructing effi-
cient utterances when using MT-mediated communication because of the first
problem.

2.2 Cultural Difference Identification and Detection

In order to prevent misunderstanding, it is necessary to be able to detect it.
Various works have tackled detecting and identifying cultural differences. Most
studies collected and analyzed data from cross-national surveys. One of the most
well-known works is Hofstede’s cultural dimension [6]. He identified cultural
differences in different regions. Yoshino et al. [17] also conducted a cross-national
survey but compared some aspects of culture, such as social values and ways of
thinking. The results from surveys are interesting, however, it is difficult to apply
them to computer-mediated communication.

Other researchers have worked on cultural differences related to computer-
mediated communication. In 2007, Cho et al. [2] published a study on the cultural
differences found in pictogram interpretations. They conducted a web survey to
understand the differences in pictogram interpretations between Japanese and
Americans. Their report found that 19 of 120 pictograms were judged to have
cultural differences.

Later, Yoshino et al. [18] proposed a method for cultural difference detection
in Wikipedia. Japanese students and Chinese students were asked to examine
words and phrases with different meanings and the results were used to create
an initial dataset. Based on the dataset, they proposed a process for judging
whether cultural differences existed or not in certain words or phrases.

Yet, the cultural difference detection methods mentioned above cover only
specific areas and usages, i.e. pictograms, Wikipedia and all require human inter-
vention. In 2019, a group of researchers [15] proposed a method to automatically
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detect cultural differences in words when they were translated into another lan-
guage. This method can be applied to various languages and can cover broad
area, as long as there lexical databases and image libraries are available. The
authors also proposed that detection results can be used to warn the users
of potential cultural differences. Base on this automated detection, Nishimura
et al. [12] proposed a method and conducted an experiment to find the threshold
that serves as a basis for confirming cultural difference.

3 Cultural Difference Detection (CDD)

To prevent and warn users of cultural misunderstanding in MT-mediated com-
munication, it is important to detect possible misunderstandings. This work
adopts a method from our previous work [15] that can automatically detect the
words that might cause misunderstanding when they are used and translated into
another language. This section briefly reviews how cultural difference detection
(CDD) works.

To investigate if using a word W in language L1 could cause misunderstand-
ing due to cultural difference when it is translated into language L2, the following
procedure should be performed.

1. Translate word WL1 (language L1) into WL2 (language L2).
2. Search for images using WL1 and WL2 as keywords.
3. Extract image vector features of each image.
4. Compare the two images by computing their vector features.
5. If the similarity is low, the possibility of misunderstanding is high.

To apply this CDD concept, several variables must be considered, including,
language (word) resource, number of images for each keyword, tools for feature
extraction and comparison.

Here is an example of finding a list of words that have high possibility of
causing misunderstanding when they are used in multilingual communication
between Japanese and English.

Base on Fig. 1, first, from Japanese WordNet [7] which is a Japanese-English
lexical database created from the original English WordNet [11], a synset is
selected. A synset in Japanese Wordnet is a set of synonym containing words
in English and Japanese under the same concept with similar meaning. Here, in
Fig. 1 the synset randomly selected is the synset that contains william cowper
and cowper in English and (Kuupaa) in Japanese. Then search for 30
images for each language: 15 images for william cowper, 15 images for cowper
and 30 images for (Kuupaa). Next the vector features of the images
are extracted. Both the original paper and our paper used VGG161 from Keras.
The feature values of each language are averaged. Next, averaged vector features
of each language are compared, (here we use Cosine similarity).

A list of words that might cause misunderstanding can be made by repeating
this process a few thousand times or more. Words whose similarity is lower than
1 https://keras.io/applications/#vgg16.

https://keras.io/applications/#vgg16
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a threshold, the original work suggested 0.6, are entered in a list and the user is
warned when they use a word present in the list.

Fig. 1. An example of a process based on CDD

4 Experiment

To study how cultural misunderstanding warnings might impact communication
we conducted an controlled experiment. Our hypothesis is that users who are
warned of cultural-misunderstanding achieve better communication when using
MT-mediated communication.

4.1 Participant

We asked 18 volunteers with various language and cultural back-grounds to
participate in MT-mediated conversations. The participants were in their 20s
and 30s. They were separated into six groups of three people. Details are as
follows:
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– A native Japanese or a person with native-level Japanese who has been edu-
cated in Japan or currently lives in Japan.

– A native Chinese or a person with native-level Chinese who has been educated
in China or currently lives in China or a Chinese speaking environment.

– A native English speaker or a person with native-level English who has been
educated in England or currently lives in an English speaking environment.

The six groups of participants were divided into three experimental groups (E1,
E2, and E3) and three control groups (C1, C2, and C3).

4.2 Communication Tool

The tool used in this experiment was a web application developed around trans-
lation services from the Language Grid [8]. This application is an MT-embedded
chat system that allows users to communicate in their preferred language. When
a user logs-in to the application using a given link, he/she can select her/his pre-
ferred language on the right-top of the page. If a user chooses to chat in English,
all the message from the other users, who might be accessing the system in dif-
ferent languages, are shown in English. When he/she enters and sends messages
in English, the other users will see those message in their selected languages.

4.3 Task Design

Designing the task given the participants was challenging. In normal chat con-
versation or normal collaborative tasks, there is no guarantee that a cultural-
misunderstanding will occur. To test our hypothesis, we designed a game that
led the users to communicate using words that might cause misunderstanding.
Because this game was designed only to create and lead the conversation, there
is no evaluation of the game result nor the correct answer.

Our game was inspired by the Desert Survival Problem (DSP) [10]. DSP is
widely used in team building and collaboration practice. The conventional DSP
asks the players to collaboratively rank items by its important to their survival
in the desert. Many variations of the game can be created by giving different
situations and items. We create our variation and indirectly force the user to talk
about things that might easily be misunderstood by adding words in the CCD-
derived list to the item choices. To encourage participation in the conversation,
the choices given to each group member were different, so everybody had to
speak up and share. Every group member was given three choices; they were
instructed to share and collaboratively select one of the most important choices
from each list. Only three of the nine choices could be chosen. The collaboration
ended when all members agreed on the three choices.

Examples of the lists given to the participants are shown in Fig. 2. Words
that could cause misunderstanding were emphasized (red underlined) for clarity.
For the control group, the lists given to them did not contain any text emphasis.

The list in Japanese translated into English reads
You found a train container that has not been destroyed yet. You can take one
of the listed items.
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Fig. 2. Lists given to participants in each language. (Color figure online)

1. Two bicycles ( - Mamachari)
2. Two corollas ( - Kakan)
3. A sword

The list in Chinese can be translated into English as
You found the other three people who took the same train. They are alive but
wounded by the wreck. You can choose to help one person and take that person
with you. The rest will be helped and carried by the other group who are heading
to the south. You don’t know them, but you can guess who they are from how
they look and dress.

1. A religious practitioner ( -Xiuxing Zhe)
2. A young teenager
3. An electrician

The underlined choices are expected to cause cultural misunderstanding.
Most underlined words were taken from the list of cultural differences made
using CDD; some words were added manually to create difficulties, including

(Mamachari - Bicycle) and (Xiuxing Zhe - Religious practi-
tioner). The word (Xiuxing Zhe) was detected when the CDD was run
using Japanese Wordnet, as a Japanese word with Chinese character (Kanji); this
word also exists in Chinese language but we did not run CDD on any Chinese
resource.

4.4 Expectation

We expected that the participants would have communication difficulties when
using the underlined words in Fig. 2 because of the cultural differences and
translation problems, if not warned.2

2 Note that the translation output is likely to change from time to time since MT is
always developing and the output also depends on the services selected.
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The choices exhibited significant cultural differences and thus problems in
understanding. First of all, on the English list, mud pie is definitely problematic
because there are two meanings. The original meaning is a pie made of mud by
children. The other meaning emerged later as an edible pie that resembled a
mud pie. People from different cultures might not sure if mud pie is edible or
not, regardless of translation. The second choice on English list, pop, is a slang
but well known for a carbonated drink. If MT does not know the content of
conversation, it might translate pop into different word, such as “pop music”.

On Japanese list, (Mamachari) is a word that not only means
bicycle but also information about size and use. It is possible to carry children
since it usually has space for luggage or child seats. The list choice was two
bicycles since the team of three could fit onto 2 Japanese style bicycles. People
who did not understand (Mamachari) would not know this fact.

For, (Kakan), the MT output was “corolla” which is a wreath. This
usage is very archaic and rarely used nowadays. In many regions, corolla is
recognized as a car since it is a famous car model.

We gave them two bicycle for the team of three which is enough to ride.
People who does not understand (Mamachari) would not know this
information. For (corolla), the translation in English is “corolla” which is
a headgear, however not popularly used nowadays. In many regions, corolla is
recognized as a car since it is a famous car model.

On Chinese list, (Xiuxing Zhe - Religious practitioner) is the most
difficult to explain. MT usually output the English word “practitioner” which
most people understand to be a medical doctor. However, it actually means a
religious practitioner or a monk who often goes on pilgrimages and so might be
useful in helping the group to survive since he has experience in traveling.

4.5 Method

We conducted the experiment using the Wizard of Oz [9] technique which is
often used in human-computer interaction studies. In our experiment on how
communication is effected by the warning, the Wizard is a human who warns
the participant instead of the computer system. The experiment group members
were given the situation and their choices with the suspected words indicated by
red underlining while the control group members were given the same situation
and choices without any emphasis.

To evaluate the effect of warnings on communication, after the collaborative
task, we asked each participant to explain the six choices the other participants
had and recorded how many choices each participant actually understood. Then
a t-test was conducted to examine the significance between two independent
samples including the percentage of understanding from the experimental group
and from the controlled group.
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4.6 A Preliminary Experiment on Number of Languages Used in
MT-Embedded Chat

Besides the main experiment, we also designed a preliminary experiment to
study if number of languages used impacted the participants’ understanding of
the choices. To conduct this preliminary experiment, we instructed experimental
group E1 to communicate using only two languages: English and Japanese. In
this case, the Chinese speaker who was also fluent in English used English to
communicate, but the given choices were written in Chinese, as in the main
experiment.

5 Result

5.1 Cultural Misunderstanding

After asking the participants to explain the choices the others had been given,
and quantitatively analyzing the chat log, we divided participant understanding
of the six other items into three groups.

– U : The user understood right after the choice was first mentioned
– L: The user understood after the choice was introduced but before the game

ended
– M : The user could not understand or misunderstood the choice

The results are shown in Table 1. Asterisk marks are used to indicate incom-
plete understanding of the detailed characteristics of the choice, for exam-
ple, knowing pop is a drink but not that it is carbonated, and knowing that

(Mamachari) is a bicycle but not that it is often used by mother
so it often has enough space to carry things or has extra seat(s) for kid(s). In
addition this table also displays the number of turns to show how many turns
among three users were taken to complete the task. Time of interruption shows
the number of times when the game flow was interrupted by questions about the
choices the participants wanted to confirm or could not understand. However,
in this experiment, there is no correlation between the time of interruption and
understanding (t-test p− value = 1).

By the end of the game, all the experimental groups had successfully estab-
lished mutual understanding. They successfully shared and understood all the
given choices. On the other hand, none of control group successfully shared or
understood those choices.

The experiment showed that when the being choice introduced did not cause
misunderstanding, usually the other participants could easily understand it right
away (tagged U). If the participant felt that the word was difficult to understand,
usually someone would ask for an explanation which would allow the group
members to finally understand the choice. The words from the CCD list were
frequently misunderstood, especially by members of the control group.

Figure 3 shows the rate at which each choice was understood by each par-
ticipant. The percentage is calculated by summing the choices tagged U and L
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Fig. 3. Percentage of understanding of choice shared by the other group members

and dividing by six, the number of choices introduced by the other participants.
The graph show that the experimental group had full understanding(100%) by
the end of the game while the control group had less understanding (average
of 70%). Warning the users of cultural misunderstanding significantly improved
understanding in MT-mediated communication, especially when using words
that might cause misunderstanding. We conducted a t-test with independent
samples, including the percentage of the correct understanding of the experi-
mental group and the percentage of the correct understanding of the controlled
group. From the test, with p− value equals to 5.54545E–07, the null hypothesis
is strongly rejected as p < 0.001 and we conclude that warning the user of cul-
tural misunderstanding and cultural differences can improve understanding and
reduce misunderstanding in MT-mediated communication.

5.2 User Behavior

The results detailed in Sect. 5 indicate that the experimental groups had better
understanding than the control groups. To understand the reasons behind this,
we qualitatively analyzed the chat log.

Explanation of Choices. Every participant in the experimental groups tried
to explain the items in some detail when they were warned that those words
might cause misunderstanding. Some examples are displayed in Fig. 4 and Fig. 5.
The control group participants who were not warned seldom explained details
of the items except when he/she was asked by their teammates, whereas the
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experimental group members were more careful in explaining the word being
introduced or explained it soon after.

Fig. 4. A chat message from English speaking user when is warned of cultural differ-
ence.

Fig. 5. Chat messages from Japanese speaking user when is warned of cultural
difference.

From the example in Fig. 4, the English speaker of the experimental group
explained the word ‘mud pie’ and switched the word ‘pop’ to ‘soda’.

In Fig. 5, the Japanese participant from another experimental group did not
only introduce the word (Kakan-Corolla), but also explained that are the
corollas.

However, some experimental group members (very few) did not explain the
choice. In the interview, a Chinese participant stated that “I just use it normally.
I didn’t think too deeply”. He also commented that “I might be more careful if
you add a warning message after the red letters”. This opinion suggests that the
warning was not obvious enough. Implementing the proposal in a real application
would need stronger alerts.

Word Substitution. Sometimes a participant would use a word different from
choice written in their documents. In the real world, especially when writing,
we often use synonyms to provide variety and catch the reader’s interest [1].
Synonyms are selected to best describe the matter being raised [4]. Thee experi-
mental group members switched more words than the control group members as
they were more aware of the cultural differences. We found that using alternate
words could yield immediate understanding. For example, in the experiment,
replacing the word pop with soda raised translation accuracy and allowed the
other participants to understand more easily.
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Skipping the Discussion of Incomprehensible Topic. Many times, the
participants skipped the choices that were incomprehensible to them. For exam-
ple, in control group C1, when the Japanese speaker introduced (Kakan-
Corolla), the English speaker was presented with corolla which yielded uncer-
tainty. Accordingly, the English speaker did not discuss the choice and followed
the flow of the conversation, especially when the other two members agreed to
settle on the two bicycles without further discussion of the other choices.

5.3 Preliminary Experiment Result

When we compare the understanding exhibited by the experimental groups from
the data shown in Table 1, the experimental group that had two languages (E1)
understood all the choices right after they were introduced, while the other
experimental groups, E2 and E3, understood 72.22% and 77.78% of the choices
immediately upon introduction.

The reason for the sudden understanding of group E1 compared to groups
E2 and E3 could be for the following reasons:

First, the message is only translated once in two-language communication
but the message is translated twice in three-language communication. Moreover,
the two translation outputs in three-language communication could be different.
There is more chance of misunderstanding when the message is translated into
many languages. In the case of using foreign language (i.e. the Chinese speaker
using English), if the foreign language skill of the participant is good enough,
the resulting communication is likely to be superior to that achieved when using
MT.

Second, if fluency in the use of the foreign language is achieved (Chinese
speaker using English), it is possible that the participant will be more aware of
cultural differences. Since the participant had experience in using English, he
instinctively tried to make his message understandable in English.

6 Discussion

This section discusses the pattern of failure to communicate via MT-embedded
chat, the lost in translation, limitation, and the future direction of this work.

6.1 Pattern of Failure to Communicate

After the end experiment we analyzed the choices that yielded failures in estab-
lishing mutual understanding and found two patterns.

Surface Failure to Establish Mutual Understanding. Participants simply
could not understand the words used. In this case, the participants acted in two
different ways: ignoring the choice and trying to understand the choice. When
the participants tried to understand the choice they would ask questions and
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they would often reach an understanding after some explanations. This does not
negatively impact the understanding result but the questions and explanations
might interrupt the conversation flow. However, when the participants chose
to ignore what they did not understand, they would fail to establish mutual
understanding. We categorized this problem as surface failure as it is obviously
known to the participants themselves that they failed to understand and mutual
understanding could not be established. However, the speaker would not know
if the recipient understood the choice or not.

Underlying Misunderstanding. Sometimes, the discussion seems to be pro-
ceeding smoothly, without any problem; however, the participants actually mis-
understood the conversation. We discovered this problem from the interview
when we asked the participants about the choices shared by the other group
members.

For example, (Xiuxing Zhe - Religious practitioner) was translated
as a practitioner. The groups that failed to understand this word thought they
understood correctly, but they were wrong. In that situation, no questions were
raised, and the conversation seemed to be simple and short. This problem is
deeper than the surface failure and it is important that this kind of problem be
detected and ameliorated.

6.2 Lost in Translation

Some misunderstanding occurred because of translation failures. A translated
word could miss some or all of the full subtlety of meaning or significance. In
the given list for Chinese speaker, (Xiuxing Zhe - Religious practitioner)
is translated as practitioner in English and (Kaigyoui - Medical prac-
titioner) in Japanese. But the term (Xiuxing Zhe) actually means a
practitioner of a religion, usually Buddhism, who often undertakes extensive pil-
grimages. The English translation was too vague because practitioner has several
meanings, and the translation in Japanese was wrong, as shown in Fig. 6.

Fig. 6. Chat log of the control group when the word ‘practitioner’ was mentioned.

Here, people who do not understand Asian culture might not be able to
draw on the knowledge of the extensive travels undertaken by monks who travel
around and might instead recall their minister who often stays in her/his church.

The translation gaps are inherent across cultures, and it is difficult to deal
with them.
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6.3 Limitation and Future Work

Even though we found that the participants were more careful to explain the
choices, it is also possible that the participants did so because they are told to be
aware of potential misunderstandings. We would like to find this out in the future
by conducting another experiment where the experimental groups are warned
of the words with the potential to cause misunderstanding while the controlled
group will be warned of the different words that have low potential to cause
misunderstanding. In addition, the preliminary experiment to study the number
of languages used here can be extended as a full experiment in the future.

7 Conclusion

Intercultural collaboration depends on establishing mutual understanding and
minimizing as much misunderstanding as possible. MT can help with the lan-
guage barrier but cultural misunderstanding still happens. To solve this misun-
derstanding problem, an existing work previously suggested warning the user
of the possible cultural differences when using MT-mediated communication.
The main contribution of this paper is the experiment conducted to validate the
suggestion. Our research results are useful for multilingual chat tool design.

In this research, we designed and conducted an experiment comparing exper-
imental groups that received the warnings and control groups that had no warn-
ing. We found that the experimental groups had successfully established mutual
understanding, while the control group did not and encountered many misunder-
standings. We conclude that warnings of cultural misunderstanding significantly
improve understanding in MT-mediated communication.

In addition to our main experiment, we conducted a preliminary experiment
to study if the number of languages used in multilingual chat affects the degree
of understanding. The preliminary results showed that a group that used only
two languages established mutual understanding earlier than the group that used
three languages.
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