

[image: Cover]



ORIGINAL RESEARCH ARTICLE

Exploring the use of online machine translation for independent language learning

Ana Niño*

Modern Languages and Cultures Department, The University of Manchester, UK

Received: 31 January 2020; Revised: 13 July 2020; Accepted: 13 July 2020; Published: 4 September 2020

The free availability of online machine translation (OMT) on the Internet via computers, tablets and smartphones makes it convenient for use by language students of all levels. Google Translate has been widely listed as an independent language learning (ILL) resource and we cannot deny its role for ongoing education.

We are aware of the fact that this developing piece of technology was not designed with language learning in mind and, as a consequence, has limited current abilities depending on the language pair, language direction, genre, etc. However, as educators, we cannot help but wonder how the students use it independently and what pedagogical implications this may have in the language class.

This study sets to analyse how language learners assess the usefulness of machine translation output and what they think about the use of OMT (in combination with other online language resources) for oral and written comprehension and production (e.g. writing and translation). This will help determining whether its use by language learners can be counterproductive or whether, if used wisely, can assist ILL and help boosting language instant communication.
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The connection between online machine translation and independent language learning

It is widely known that, regardless of their language ability, students do use online machine translation (OMT) as an online language resource (e.g. see Lingualift.com) in their independent language learning (ILL) explorations for comprehension and production purposes (Clifford, Merschel, and Munné 2003; García and Pena 2011; McCarthy 2004). As language educators, we are concerned about this for various reasons, the main one being that some students do resort to OMT to do their written and/or translation into the target language assignments.

In the new Internet and Web 2.0 cultures, multilingual active participation and knowledge sharing are increasingly encouraged. As a result, more online users attempt to get communicated in other languages via OMT. It is a form of computer-mediated communication, usually to react to a social-media related input, for example commenting on a friend’s photo in a language in which they still have limited command. Social media sites such as Facebook now have a record of your ‘spoken’ languages, which facilitates personalised instant translation of multilingual text postings from/to various languages to aid multilingual interactions. Added on to the various newspapers and social media sites with embedded OMT, more and more translation apps are emerging with immediate voice translation as one of its main features. These are becoming a part of our multilingual reality.

Precisely, due to the fact that OMT is omnipresent and is indeed an unavoidable part of our everyday lives, as educators we are aware of its potential and limitations as a language learning tool (McCarthy 2004; Mundt and Groves 2016; Niño 2008; Somers 2003) and also about its popularity amongst students who will continue to use it as an ILL resource in order to aid comprehension and/or production.

In this framework, the aim of this study is to investigate how the language students assess the usefulness of machine translation output and how they use OMT as an ILL resource, what are their preferences and avoidances, in particular in relation to reading and listening comprehension into English, and audio, voice and written translation into the target language of study.

Independent language learning, online machine translation and translation in foreign language teaching

ILL as it is practised in foreign language teaching is not only a process but also a philosophy of education, in which a student acquires knowledge by his/her own efforts and develops the ability for inquiry and critical evaluation (Candy 1991 quoting Forster 1972). An important part is giving the students freedom of choice in determining their learning objectives and freedom of process to carry them out using the wide plethora of online language resources and apps. This approach is meant to stimulate autonomy and problem-solving skills.

In order to put this approach into practice, we need to describe the elements that constitute the OMT as ILL ecosystem (see Figure 1). First of all, we need to believe in translation as a language learning skill (Beeby Lonsdale 1996; Carreres, Muñoz-Calvo, and Noriega-Sánchez 2017; Cook 2010; Laviosa 2014; Newmarks 1991; Pym, Malmkjær, and Plana 2013), a communicative activity (Károly 2014) and as a pedagogical tool that can help to enhance and further improve reading, writing, speaking and listening skills (Leonardi 2010), as well as increasing language students’ cross-cultural and cross-linguistic awareness (Zanettin 2001).

Figure 1.ILL and online machine translation ecosystem.
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We also need to understand that OMT is widely accessible as an online ILL resource. Currently, Google Translate supports more than 100 languages and is used by more than 500 million users translating more than 100 billion words every day. It can translate 37 languages via photo, 32 via voice in ‘conversation mode’ and 27 via real-time video in ‘augmented reality mode’. OMT as a learning tool is also integrated in an ever-increasing digital world, where technology and digital literacy are indispensable and can help boost employability opportunities. The use of machine translation as CALL (Computer-Assisted Language Learning) was already pointed out by Niño (2009) and, more recently by Tsai (2019). In this context, OMT as CALL takes the form of a multimodal integrative environment that can encourage meaningful collaborative language practice interactions with various ILL resources and peer students. This environment encourages learner centeredness which, as pointed out by Warschauer and Kern (2000), implies allowing students more control over planning for what and how they learn. This is in line with the ILL pedagogical framework that we are presenting here.

Last but not least, we live in a globalised world which needs multilingual and cross-cultural communication by means of translation so, as language educators, we have an important role to play ensuring language students of any kind are aware of this.

Having described, the elements to bear in mind when implementing OMT as ILL, we are now focusing on the pedagogic framework to put all these elements into practice in the language learning class.

Following Benson’s (2011, p. 125) model for the promotion of autonomous learning in the class (see Figure 2), we developed our own pedagogical framework for the integration of OMT as a form of an autonomous ILL task (see Figure 3).

Figure 2.Benson’s (2011) model to promote autonomy in language learning.
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Figure 3.Online machine translation as ILL pedagogical framework.
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From Benson’s (2011) model, we learnt that there are many levels on which learner autonomy can operate, namely a resource-based approach, where emphasis is put on independent use of learning resources, a curriculum-based approach with an emphasis on curriculum control, a classroom-based approach with an emphasis on classroom control decisions, a teacher-based approach, which concentrates on teacher roles, a learner-based approach fostering the development of autonomous learning skills and a technology-based approach promoting the independent use of learning technologies. In this study, we will focus on a technology-, learner- and resource-based approach, as these forms of autonomous development lend themselves very well to the autonomous use of OMT for ILL purposes. Bearing Benson’s (2011) model in mind, it makes sense to support a learner-centred methodology, where the learner develops autonomy by exploring, experimenting and interacting with learning technologies and where the language teachers act as mere facilitators of learning encouraging language exploration and promoting digital literacy.

Learning design: what did the students do

Since ILL can take many shapes depending on the context, interests and language needs of the students, various learning tasks were designed, integrating the use of OMT and four main language skills directly linked to translation as a language learning skill, namely reading and listening comprehensions into English (most of the participants were either natives or had an advanced English proficiency), written, audio and voice translations from English into the target language.

The main learning objective was to encourage students to evaluate the usefulness (or lack) of OMT for ILL in order to see whether it actually benefits language learning (i.e. improves comprehension, production and mediation skills) or whether it is counterproductive. In line with our student-centred methodology and inspired by Reinders’s (2010) framework for self-directed learning (based on Knowles 1975; see Appendix 1), students were given a free rein in the choice of resources and translation themes around their own language learning needs and interests, in order to encourage experimentation, autonomous language use and motivation, and at the end we did an in class peer discussion with a view to reflect and analyse the whole learning experience.

The learning tasks were initially designed to be done at home via an online survey (see Appendix 2), addressing non-specialist language students from all levels studying a wide variety of languages at the University Language Centre, The University of Manchester. However, due to the low initial return (only a few students actually completed the online survey by May 2018), the author decided to conduct the learning tasks in a face-to-face session inviting her advanced C1 Spanish students. In the end, 37 students completed the survey (see Table 1 for a breakdown of languages and levels). The objective of the session was communicated to students in advance. In previous classes, I had already introduced the term OMT to students and how I am interested in investigating its use by language students. Students were made aware of how this task could be a part of our revision at the end of the year, and, with this in mind, students were encouraged to make use of structures seen in class. This face-to-face session lasted for 2 hours, and students were encouraged to attend on a voluntary basis. Students brought their laptops and completed the various tasks and questions sharing some comments/recommendations about language items and online resources with their fellow students in an oral reflection at the end of the session. Their responses are commented in Sections 4–7.





Table 1. Survey participants’ languages and levels.


	Language
	Respondents
	Response rate





	Spanish
	29
	78.4%



	French
	3
	8.1%



	English
	2
	5.4%



	Japanese
	1
	2.7%



	Portuguese
	1
	2.7%



	Arabic
	1
	2.7%



	Total
	37
	



	




	Level
	Respondents
	Response rate



	




	Advanced
	30
	80.1%



	Post-intermediate
	5
	13.5%



	Intermediate
	1
	2.7%



	Beginners
	1
	2.7%



	Total
	37
	





From Table 1, we learn that only two lower-level students and five post-intermediate students completed the online survey, and the remaining 30 advanced students of Spanish completed it in the class. This can be due to various reasons; first, the comprehensive nature of the survey and a time in the year (May) when students are busy revising; second, this low return can also indicate that students at lower levels, even though they may have used OMT at some point of their language learning journey, do need more guidance from the language tutor to actually complete a comprehensive list of ILL tasks of this kind. This is not new to language teachers since the nature of ILL demands a good mixture of guidance and free rein to make it work. OMT is no exception and its integration in the class is more meaningful if some face-to-face in class sessions are arranged to introduce the technology, its capabilities and deficiencies as an ILL resource.

Unlike García and Pena (2011), this research does not include conclusive data on lower level students; however, the author doubts whether they would have benefited from this learning task as much as their more advanced level fellow students. Translation into the target language as a language learning task is mostly encouraged from level B2 onwards when students have enough knowledge and/or command of the target language to judge the correctness of their own productions into the L2 and be challenged with complex grammar structures or meanings, phraseology and idiomatic expressions into the target language of study. Nonetheless, students at a beginners’ or intermediate level are still learning the lexico-semantic and morpho-syntactic structures of their language of study and are, therefore, not ready to assess the correctness of the OMT output. OMT when used for ILL production purposes may confuse them or, even worse, create some sort of dependence, which can be counterproductive for their language learning process. Having said this, with proper guidance, OMT could help boost beginners’ reading comprehension in the target language by helping anticipate meaning on a source text of their choice and helping with pronunciation (as discussed in Sections 5.2 and 7).

Independent language learning and online machine translation knowledge

In the online survey, students were enquired about their ILL skills, their interaction with educational technology and their OMT knowledge. First, participants were asked to quantify their ILL awareness. For this purpose, we gave them the following prompt: I consider myself a good independent learner, i.e. I can identify my language learning needs, set goals, plan, select my own resources, monitor and reflect on my progress. This was meant to determine whether the students were aware of the important elements of ILL such as needs, analysis, process management and reflection.

According to the results shown in Table 2, the majority of the students consulted consider themselves good ILL learners. This is because, at the University Language Centre in Manchester, they have completed assessed ILL in the form of a dossier/portfolio of language tasks, where students practiced their language skills further around their own needs or interests, and reflected on their strengths and weaknesses, on the strategies and learning resources used and on what they learnt out of it.





Table 2. Participants’ ILL awareness.


	
	Respondents
	Response rate





	Always
	4
	10.8%



	Almost always
	11
	29.7%



	Most of the times
	13
	35.1%



	Usually
	3
	8.1%



	Often
	4
	10.8%



	Sometimes
	1
	2.7%



	Never
	1
	2.7%





Students were also asked whether they enjoy interacting with education technology apps and/or websites. As shown in Table 3, most of the students do. This positive attitude towards interacting with online educational technologies may help explain why a majority of the respondents decided to come to this session on a voluntary basis, complete the various tasks and experiment on OMT for their ILL purposes.





Table 3. Participants’ interaction with educational technologies.


	
	Respondents
	Response rate





	Always
	12
	32.4%



	Almost always
	11
	29.7%



	Most of the times
	8
	21.6%



	Usually
	3
	8.1%



	Often
	2
	5.4%



	Sometimes
	0
	0%



	Never
	1
	2.7%





The majority of the students consulted (see Table 4) had used OMT before, mostly for comprehension purposes, and some of them also for drafting, for detecting languages and for pronunciation purposes. Just a minority used it for spoken communication in a language they do not have command of, for travelling purposes, and for picture translation with non-Latin script languages they did not understand.





Table 4. Participants’ use of online machine translation to support language learning.


	
	Respondents
	Response rate





	Had used online machine translation before
	36
	97%



	Did not use online machine translation before
	1
	3%





Language learning tasks

The learning tasks comprised four subtasks, namely reading and listening from the target language of study into English, and written, audio and voice translation from English into the target language. In the following sections, we explain what the students did, for example the type of texts they fed into the OMT system, the level of accuracy of OMT, the level of correctness of the students’ OMT output post-editing and their impressions.

Task 1: Reading comprehension in the target language and translation into English via online machine translation

The first task consisted of reading a text in the target language of study and translating it into English via OMT, correcting any inaccuracies. This was meant to help testing their reading comprehension skills from the target language into English via OMT.

Since students had total freedom in choosing texts for all the tasks, we could see that they had an interest in a wide variety of topics from current affairs to their main subjects of study, e.g. science, medicine, literature, sports, cinema, music, history, etc. This is representative of the nature of Institution Wide Language Programme students, that is language non-specialists coming from a wide variety of disciplines.

Since the majority of our samples are from advanced students of Spanish, reading comprehension is not a big issue for them, as shown in Figure 4, where orange and red fonts (depending on the severity) showed OMT’s errors and the student’s post-edited text (My translation) mistakes, respectively. Correctly translated utterances appear in green font. Understandingly, in their reflective comments, many of them commented that they can do better than the machine and they do not need the OMT output to help them comprehend. Still, as shown in Figure 5, students may have the odd comprehension error (seguida de: followed from), but, mostly, students edited the OMT output successfully improving the text with some stylistic changes.

Figure 4.Example of an independent Spanish into English reading comprehension task on environment news via online machine translation (OMT).
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Figure 5.Example of an independent Portuguese into English reading comprehension task on current affairs via OMT.
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At beginners’ level, however, students can struggle to understand certain words and phrases. To illustrate this, there is an example in Figure 5 from an Erasmus beginners’ Portuguese student who did not correct the English text, probably because s/he thought it was correct.

Students were great at playing and experimenting with the language. For example in Figure 6, there is an extract from a nursery rhyme containing the word ‘zopilotes’, which is common in Central American Spanish, and was well translated into English via OMT. The advanced student agreed with the OMT output’s correctness.

Figure 6.Example of an independent Spanish into English reading comprehension task on lyrics via OMT.
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As shown in table 5, the majority of the students found that OMT is useful for reading comprehension purposes because it helped them to understand words, it is quick and mostly accurate for comprehension purposes and it helps with tense agreements in lower levels. However, students from higher levels were also aware of the lack of accuracy, and they all stated that they do not need the OMT output for comprehension purposes. They were also very much aware of genre limitations.

Table 5. Reading comprehension: Was the online machine translation output useful?
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As shown in table 6, the majority (83.80%) of the students reported to have understood more with the aid of OMT although they are aware that OMT’s accuracy very much depends on the language pair and direction.





Table 6. Reading: Did you understand more or less with the aid of online machine translation?


	
	Percentage





	Understood more with the aid of online machine translation
	83.80



	Understood less with the aid of online machine translation
	16.20





Task 2: Audio translation into English via online machine translation

For the second task, the students translated an audio or video recording extract from the target language into English via OMT. In doing so, they were checking both the OMT accuracy and their own correctness at understanding the target language in its spoken form.

Unfortunately, unlike with the written translation, it is not yet possible in Google Language Tools to keep a record of spoken translations with apps/websites such as Google Translate; however, many of these apps produce both a voice translation and a written transcript and we can keep a record of the latter. Something to bear in mind is that, in an automated voice-to-voice translation, it is one thing what the OMT picks up (automatic speech recognition) but quite another what it actually translates (text-to-speech translation). Systems such as Google Translate have usually been broken into three separate components: automatic speech recognition to transcribe the source speech as text, machine translation to translate the transcribed text into the target language and text-to-speech synthesis to generate speech in the target language from the translated text. The main drawback for these systems is speech recognition. As pointed out by Matic Horvat, a researcher in natural language processing quoted in Leprince-Ringuet (2018):


‘Systems adapt to the training dataset they have been fed and the quality of speech recognition degrades when you introduce it to things it has not heard before. If your training dataset is conversational speech, it will not do so well at recognising speech in a busy environment, for example’ so ‘with echoes, noise or even heavy accents the algorithm will make mistakes’.



Students were aware of some of the OMT’s limitations mentioned previously. They experimented both with audio recordings and with their own voices, and in this regard, a student from Northern Ireland made a sarcastic comment about the OMT ‘not picking up her accent’. Overall, during the face-to-face session, it seemed students did not find audio OMT very useful. Amongst the reasons they provided were the following: because it cannot make out exact sounds, just picked up occasional words, not sentences or specific terms, skipped words, did not make sense, it contains too many errors up to the point that some said they were better off understanding the video themselves. The only exception is illustrated in Figure 7. It shows an example from an advanced student of Spanish who chose a Spanish scientific audio from her main subject of study (Physics) with very simple vocabulary and produced a rather well-translated voice/audio output via OMT in the target language with almost no need for revision. The native English student stylistically edited the target language text in English.

Figure 7.Example of an independent listening comprehension task on Physics via OMT.
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As shown in Table 7, not all the comments from the students were negative, though. Some students (especially from lower levels) were happy that voice OMT exists because it helps with (spoken) word understanding; they loved the transcripts and the idea of using it as an aural comprehension checker for small extracts.

Table 7. Listening comprehension: Was the audio online machine translation output useful?
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Surprisingly, as shown in Table 8, 53.1% reported to have understood more with the aid of OMT, as opposed to 46.9% who understood less.





Table 8. Listening comprehension: Did you understand more with the aid of online machine translation?


	
	Percentage





	Understood more with the aid of online machine translation
	53.1



	Understood less with the aid of online machine translation
	46.9





Task 3: Written translation from English into the target language via online machine translation

In this task, students had to translate a written text of their choice from English into the target language via OMT. This involved spotting and correcting any inaccuracies in the OMT output.

Students once again displayed a wide range of text types and genres, including their own texts like in the example shown in Figure 8. In this example, an advanced Spanish student of Geography wrote a source text about his studies and was happy with the OMT’s text level of correctness. The student was not aware that there was a spelling error in the original, and that there was also a minor capitalisation error and a prepositional error but, overall, this rather simplified input language produced a good language quality output in the target language with very little revision needed.

Figure 8.Example of an independent written production task on Geology via OMT.
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In Figure 9, there is another example of an advanced Spanish student of Physics who translated an extract from her lab report and was able to spot where the OMT errors were (right thinking: passive translated into impersonal ‘se’ structure), but she got the verb forms wrong in this case.

Figure 9.Example of an independent written production task on Physics via OMT.
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This is another example of a beginners’ student of Portuguese (see Figure 10). This time Google Translate; when I copied and pasted the students’ source text (trying to replicate what the student did), Google Translate underlined it. For some reason, it underlined the source text but not the translation, which could have been a step forward in helping language educators identifying OMT output in language learning.

Figure 10.Example of an independent written production task via OMT.
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The student on this occasion did not correct the OMT so, we assume, s/he might have thought it was correct, which is mostly right, with the exception of a couple of lexical inaccuracies and a preposition error.

The intermediate level student example (see Figure 11) goes to show that students explored various OMT apps and sites, not just Google Translate, and evaluated their accuracy and contrasting various OMT output texts (SpanishDict, Reverso, Microsoft Translator, Skype Translator). For the English–Spanish pair, the translation quality happened to be rather similar across many of these OMT systems/apps in terms of language quality, as shown in this example.

Figure 11.Example of written production outputs from different OMT systems as trialled by a student.
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As shown in Table 9, the vast majority found the written OMT output mostly useful (44.1%) or useful (26.5%). They valued the various translation options provided by the different OMT systems/apps, and they also experimented with pre-editing the source text to see how this affects the language quality of the target text. In general, the OMT output seemed to them a quick and accurate translation, especially useful for vocabulary, grammar and structure, and (in their own words) ‘they enjoyed playing with the language and using OMT as a language checker’.

Table 9. Was the written online machine translation output into the target language useful?
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On the other hand, some students (advanced and more confident in their abilities) thought OMT translations were too literal, awkward, ungrammatical, contained many mistakes and, in sum, they thought they could do better without the OMT output.

As shown in Table 10, it is interesting to point out how the majority of students thought that the written OMT output had a 62.9% correctness percentage but the majority of them (advanced) also thought they were slightly better than the written OMT output with 70.4% correctness in their post-edited text. The fact that there is such a small difference between the percentage of OMT output correctness perceived by (mostly) advanced students, and the perceived correctness percentage of the students’ post-edited text suggests that students were aware of the rather high degree of accuracy of the OMT output.

Despite feeling they could do (slightly) better, the majority of the students admitted that OMT helped them to improve their writing in the target language (see Table 11). These data suggest that, in this task and with this group of advanced learners, the use of OMT for ILL was not counterproductive to the learning of written production skills but rather the opposite.





Table 10. Correctness percentage: written online machine translation versus students’ post-editing into the target language.


	
	Correctness percentage of the written online machine translation output into the target language





	70%–100% correct
	62.9



	60%–70% correct
	28.6



	40%–50% correct
	8.6



	




	
	Correctness percentage of the students’ post-edited text into the target language



	




	70%–100% correct
	70.4



	60%–70% correct
	25.9



	40%–50% correct
	3.7









Table 11. Did the aid of written online machine translation improved your writing or did not help?


	
	Respondents
	Percentage





	Improved my writing
	25
	67



	Did not help
	7
	18



	Other
	2
	5





Task 4: Online voice translation from English into the target language

The last task was voice translation from English into the target language via OMT. In the example shown in Figure 12, the advanced student of Spanish distinguished between what she said, what the OMT (Google Translate in this case, GT) picked up, the transcript, the voice translation and her own correction. In the example, we can see that Google Translate still very much relies on its written transcript for translation. The student in this case was successful in post-editing the OMT output with the exception of a couple of lexical mistakes that were left uncorrected.

Figure 12.Example of voice translation input from the news, online machine translated (GT) output into the target language and post-edited output by a student.
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As mentioned before, students were imaginative in their use of OMT and some of them even experimented with lyrics. The example in Figure 13 comes from beginners’ students of French and Spanish, also learning English at university. As we know, lyrics are very difficult to translate due to its slang use of the language, sometimes full of omissions, cleft sentences, idioms, inappropriate language, etc. This beginners’ student did not correct the English, probably because s/he did not know how to, but still s/he showed an interest in this particular use of OMT.

Figure 13.Example of Students experimenting with voice online machine translation lyrics translation into the target language.
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Overall, the voice OMT output into the target language was not perceived as very useful by the students (see Table 12). Some of the reasons provided were as follows: because the translation was mostly wrong and was not heard for a start, it contained lexical and grammatical errors at sentence level and it was not good with proper names and colloquialisms.

Table 12. Was the voice online machine translation output into the target language useful?
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As shown in Table 13, the students reported 60% correctness of their post-edited voice OMT output into the target language, as opposed to a rather unexpected 53.8% level of correctness for the voice OMT output. In other words, the students reported to have done slightly better than voice OMT, and this is somehow predictable given the low quality of current voice OMT output.


Table 13. Voice online machine translation correctness versus students’ post-edited voice translation into the target language correctness.


	
	Correctness percentage of the voice online machine translation output into the target language





	70%–100% correct
	53.8



	60%–70% correct
	26.9



	40%–50% correct
	19.2



	Less than 40% correct
	0



	




	
	Correctness percentage of the students’ post-edited voice online machine translation output into the target language



	




	70%–100% correct
	60



	60%–70% correct
	35



	40%–50% correct
	5



	Less than 40% correct
	0





So for the future, after having completed these tasks and explored the connection between OMT and ILL, students concluded that they will use OMT as an aid for reading comprehension and written production mostly and not so much for listening and oral production purposes.

From the students’ responses, we learned that OMT is useful for vocabulary development (it is possible to keep a record of short written translations as vocabulary flashcards), to help draft a text, to help with grammar structure and also for pronunciation. However, OMT is still controversial for ILL because the students feel they still need correction (at all levels), it does not help with phraseology, colloquialisms and idiomatic expressions (important at advanced level), it may create dependence or confuse them (especially at lower levels), and it is sometimes perceived an unnatural way of expression/communication.

Oral reflection

At the end of the face-to-face session with the advanced students of Spanish, we did an oral reflection exercise in class, following the four learning tasks on OMT for ILL as an opportunity to put in common their answers to the last part of the online survey (see Appendix 2). Students were prompted with five questions for discussion:


(1) What is your opinion on using OMT for ILL? (2) What is your overall opinion on OMT language quality? (3) What uses for OMT can you think of?, how can be used? (4) What would you not recommend OMT for? (5) Do you think in the future, with more accurate OMT, there will not be a need for learning languages? Why?



The students’ answers were recorded and the following paragraphs summarise the students’ responses to these questions.

Students agreed that OMT works better for comprehension purposes but is not yet as effective for production purposes, especially in less widely talked languages such as Hindi and Gujarati. They were aware of OMT’s limitations at the sentence or text level; however, they think it works pretty well as a quick reference for words in context and with verb conjugations. They were also very much aware of OMT’s limitations, e.g. culture-related items, idioms and colloquialisms. The students agreed that OMT output still needs human input to bring it to an acceptable level of accuracy. This prompted discussions about the value of OMT editing/evaluation skills for language-related career’s employability. On a more positive note, a researcher stated ‘in my field I need to do research in various languages so OMT could help me explore articles in languages I do not speak’. Students also enjoyed voice OMT and they could see its usefulness for instant multilingual communication.

Overall the students thought OMT is really easy to use and a quick communication aid, for example when travelling to a new country or for an emergency. On a more cautious note, a student noted that these tools are very helpful as long as they are relatively accurate. Some students said that its use can be questionable for medical or legal interpretation purposes because of the ambiguity and consequent misunderstandings that can arise. From this task, some of them learnt that nuances of meaning such as cultural references, colloquialisms, sarcasm or humour cannot be translated via OMT only and need to be post-edited.

Discussing the future of language learning, I was glad to hear the students debating in favour of learning languages formally. They agreed that the language learning process cannot be compared with OMT. Students thought there will always be a need for languages and for humans to check the OMT output for correctness. A Social Anthropology student added that learning a language also constitutes learning a new way of thinking and that OMT somehow comes across as unnatural in comparison.

Some students reflected on the use of translation in language learning and the linguistic gain of OMT post-editing. On this topic, one student commented:


you still need to rephrase it to make it your personal translation. I think translating is really a matter of understanding the core meaning and being able to express it in another language, so it is worth doing the effort of trying to communicate meanings in different languages and it shows one’s ability of comprehension, not only one’s language skills.



Regarding translation evaluation, it is clear that many students have been exposed to this technology since they started learning languages in secondary school. There were quite a few comments along the lines of ‘[online machine translation] it has got much better since I last used it at school’. Students explicitly compared various OMT websites and/or apps and provided comments on their variable abilities. Comments vary from ‘SpanishDict is very helpful as its translations are quite accurate’ to ‘Google Translate can trip you up since it often ignores idiomatic phrases and literally translates word for word’. Another student commented: ‘Google Translate is OK for a language you do not speak, if you need to understand something. However, YouTube translation is hopeless’.

Pedagogical implications

What follows summarises the students’ answers to various questions from the last part of the survey about issues that can be of interest to language educators, for example the integration of OMT in the language class, the use of OMT as a form of ILL, OMT and academic dishonesty, translation evaluation, the most and least useful OMT features and some alternatives to avoid too much dependence on it.

From the teaching perspective, not all students were sure they would like to be taught about the advantages and disadvantages of OMT for language learning. They were undivided, 45.5% would not like this and 42.4% thought it would be useful if their teacher taught them about the potential and limitations of OMT for ILL. The words of one of the students are:


Many people are not aware of why online machine translations are not that accurate and rely on them too much. It would be useful to know how to use online machine translations properly to aid your learning instead of replacing it.



The other 12% preferred to find tools that work for them; they already know (being advanced students), or think limitations need to be underlined at beginners’ level.

When asked if they would approve if their institution would add OMT to the list of banned/plagiarism-inducing online resources, 90.9% of the students did not think that OMT is a plagiarism-inducing online language resource. To support this view, they argued that it is a student’s right to choose their own resources, and that the university should provide everything that is possible and allow the students to make their informed choice. Quite a few students pointed out that many students use OMT, so it would be pointless to not to make full use of it. At the same time, they are aware that its use would be hard to regulate. To illustrate this, a student said:


If a student chooses to just use online machine translation to translate their work, then they will suffer the consequences of any mistakes. They can also use a native speaker of the language to help with their work, which would essentially be as much “cheating/plagiarism” as using online machine translation regardless.



In relation to plagiarism detection, students were very much aware of the limitations of enforcing OMT plagiarism policies. In the words of one of the students:


online machine translation can still be a useful tool to aid learning if you teach people how to use it in a constructive way. If a text has been translated with an online machine translation and not amended it is obvious but otherwise I would say it is almost impossible to spot the difference between someone using an online machine translation and then applying their own knowledge to improve it, and someone who is just using their own knowledge at a high level.



For the students, OMT for ILL constitutes a quick, easily accessible lexical aid that can help them with vocabulary development (75.7%), to draft a text (73%), to help with unfamiliar grammatical structures (35.1%), to get communicated in a language they do not speak (29.7%) and with pronunciation (13.5%). Students were also aware of the downside of the use of OMT for ILL and how it can be controversial because it still needs correction (78.4%), it can create dependence (54.1%), the OMT may confuse them (40.5%) and it is rather unnatural (24.3%).

Comparing the use of OMT as a language resource with other available online resources/apps such as Linguee, WordReference, online monolingual and multilingual dictionaries (e.g. Pleco, Spanish Dict) and verb conjugators, the students showed a preference for the latter. When asked about the reasons why they preferred these, they said online dictionaries provide contextual meanings and examples, and concordancers such as Linguee are reliable because you are 100% certain that they are good models, they help with real-life translations of more colloquial or idiomatic phrases. They also liked apps such as WordReference because they provide good examples in context, several translation options/more knowledgeable translations (usually by native speakers) and forum discussions on more complex words and phrases.

Finally, the participants of this study were asked about their opinion on the most useful features of OMT for ILL, and on the OMT limitations that will be more difficult to overcome.

According to the students, the most useful features of OMT are the dictionary and collaborative dictionary tool (81.3%), the conjugation aid (50%), grammar and spell checkers (50%), the fact that OMT provides examples in context (50%), being able to create personalised vocabulary lists (28.1%), the fact that there are currently many language combinations available (25%), the fact that voice OMT serves as pronunciation aid (21.9%) and its offline access (18.8%). Being able to edit and customise its dictionaries (15.6%), and accessing your translation history (12.5%), its speech integrated recognition (6.3%), being able to launch it with your voice (3.1%) and the possibility that some OMT apps offer to connect with a human live translator for a charged better quality translation end product (3.1%) were also acknowledged by the students.

Students were also asked about current OMT limitations that are difficult to overcome. They mentioned the following: not being able to translate puns, double meaning, homophones, etc. (76.7%), not being able to translate colloquialisms, idioms and fixed expressions (70%), not being able to detect sarcasm and irony (66.7%), not distinguishing between formal and informal register (60%), not recognising cultural items (46.7%), lack of text structure, that is cohesion, coherence and co-reference (36.7%), not recognising proper names (33.3%), grammar equivalence (30%), terminology and phraseology management (23.3%) and language varieties (23.3%).

Conclusion and final remarks

From all these data, we can conclude that the use of OMT technology does not seem to be a hindrance for ILL; it actually seems to help with (mostly written) comprehension, vocabulary in context and as a quick language checker for small (written or oral) utterances.

In contrast to text-to-text OMT, voice OMT is still underdeveloped. Google’s successful use of neural networks in text-to-text translation cannot yet be compared with its speech-to-speech counterpart. There is still yet to be seen an improvement in speech recognition technology and context-based sentence translation by means of machine learning systems. At the moment, we can experiment with technologies such as Google Pixel Buds, Google-assistant-enabled headphones, which can successfully help with real-time translation of basic questions such as ‘where is the bathroom?’, however, with more complex sentences, background noise or heavy accents, the system often gets lost in translation.

In the next few years, we will witness a rapid expansion of spoken multilingual corpora together with voice and audio OMT apps. This area is no doubt of interest to language educators, and its study to support pronunciation and multilingual oral communication across languages is an exciting research pathway of OMT technology.

The (mostly advanced) students who took part in this study benefited from becoming aware of their own language learning capacities and of OMT’s strengths (quick and good lexical reference) and limitations (accuracy, genre, register and audio translation), which are fundamental when planning to use OMT as an ILL resource. They also benefited from interacting with the various OMT systems and apps, with other online language reference tools and with their fellow students practicing receptive, productive and mediation skills (translation, translation quality assessment, pre-editing and post-editing). This not only expanded their digital literacy but also reinforced previous learning, enabled monitoring of individual student comprehension and production skills, and provided with an opportunity to discuss various intercultural, subject-related and linguistic intrinsic questions with their peer students. Last but not least, it also enhanced metalinguistic reflection. In this respect, it makes sense to integrate OMT in the language class. Only then, we can explain what this technology is capable of doing and provide some safe use recommendations for its ILL use outside of the language class.

Given today’s globalised and multicultural society, translation and knowing how to use OMT as an ILL resource can be very useful to language students. Reflecting on this point, it is a great relief to learn that non-specialist language students like the ones that participated in this study, understand that OMT is not a quick linguistic shortcut to multilingualism. However, it constitutes an invaluable online language reference tool, which has the potential to aid instant multilingual communication.

As pointed out in this paper, an effective use of OMT for ILL requires a careful learning design, including attention to learners’ needs, intended learning objectives, learning environment, tools and resources, and underpinning learning and teaching approach. The benefits of OMT for ILL, including digital literacy, conscious language revision and practice, translation practice and translation quality assessment amongst others, are sought-after skills for employers and constitute valuable assets towards internationalisation and globalisation.

With all this in mind, if OMT technology is here to stay and progress with time, we should not be afraid of its use for ILL, but at the same time, it would be advisable to seek opportunities to integrate it in the language class in a meaningful and realistic way, rather than ignore it or ban it altogether.
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Appendix 1: Reinders’s (2010) framework for self-directed learning based on Knowles (1975).




	LEARNING STAGES
	EXAMPLES





	Identifying needs
	Learner experiences/difficulties in using the language



	Setting goals
	Contextually determines, relatively flexible



	Planning learning
	Contextually determines, very flexible



	Selecting resources
	Self-selection by learners



	Selecting learning strategies
	Self-selection by learners



	Practice
	Implementation (language use) and experimentation



	Monitoring progress
	Self-monitoring, peer-feedback



	Assessment and revision
	Self-assessment, reflection





Appendix 2: Online survey on exploring online machine translation for independent language learning.

Completing this questionnaire will help you explore the use of Online Machine Translation via apps such as Google Translate for ILL.

* Required

Consent

This is a research project conducted at The University of Manchester. Your participation in this research is voluntary and you can decide to withdraw at any time. Completing this online survey will take you approximately 50/60 min. To help protect your confidentiality, this survey does not contain information that will personally identify you. The results of this study will be used for scholarly purposes only and may be shared with university representatives.

If you have any questions about this research study, please contact ana.m.nino@manchester.ac.uk.

Your language background and learning style

Can you tell us about the languages you speak and your preferences for independence language learning?

1. What language are you currently studying?

________________________________

2. At what level?

□ Beginners

□ Intermediate

□ Post-intermediate

□ Advanced

3. Are you a...

□ Language specialist

□ Non-specialist language learner

4. What other languages do you speak?

_________________________________________

5. What is your first language?

_________________________________________

6. What do you consider to be your learning style?

□ Visual

□ Aural

□ Verbal

□ Physical

□ Logical

□ Social

□ Solitary

7. I consider myself a good independent learner, i.e. I can identify my language learning needs, set goals, plan, select my own resources, monitor and reflect on my progress

Never

1

2

3

4

5

6

7

Always

8. I enjoy interacting with online educational technology sites/apps

Never

1

2

3

4

5

6

7

8

Always

Online Machine Translation (online machine translation)

We would like to know whether Have you used online machine translation before with websites or apps such as Google Translate or Reverso Context

1. Have you used online machine translation technology before to support your language learning?

□ Yes

□ No

2. Which online machine translation website/app did you use?

_________________________________________

3. If you have used online machine translation before, what was your overall impression in terms of language quality?

□ Very good

□ Good

□ Very bad

4. For what particular purposes have you used online machine translation?

□ To help me understand foreign language written text

□ To help me understand foreign language oral speech

□ For travelling communication

□ To help me with pronunciation

□ To help me drafting a text in a foreign language

□ For picture translation

□ For detecting languages

□ Other:

_________________________________________

Online Machine Translation (online machine translation) for reading comprehension

For this section, please have your online machine translation (Google Translate, Reverso Context, PONS Translator, etc.) website or app ready for use.

1. Read a little extract (paragraph) of a foreign language text of your interest with the aid of an online machine translation app. You can copy your foreign language text + translation into English here.

_________________________________________

2. Can you make a brief summary in English of what you understood?

_________________________________________

3. Was the online machine translation output useful?

Not useful at all

1

2

3

4

5

6

Very useful

4. Why? *

_________________________________________

5. Did you understand more or less with the aid of the online machine translation output?

□ More

□ Less

6. Why?*

_________________________________________

7. Do you think online machine translation translates text input better into English or into other languages

□ It translates better into English

□ It translates better into other languages

□ It depends on the language pair

Online Machine Translation (online machine translation) for listening comprehension

For this particular section, you will need to access an online machine translation app (Google Translate, Reverso Context, PONS Translator, etc.) because the website version does not have audio translation available.

1. Listen to a short extract of a foreign language audio/video of your interest with the aid of an online machine translation app. You can copy your translation into English here.

2. Can you make a summary in English of what you understood?

3. Was the online machine translation output useful?

Not useful at all

1

2

3

4

5

6

Very useful

4. Why? *

_________________________________________

5. Did you understand more or less with the aid of the online machine translation output?

□ More

□ Less

6. Why? *

_________________________________________

7. Do you think online machine translation translates audio input better into English or into other languages

□ It translates better into English

□ It translates better into other languages

□ It depends on the language pair

Online Machine Translation (online machine translation) for written production

1. Write a little paragraph in English about a topic of your interest/seen in class and translate it into a foreign language with the aid of an online machine translation website/app. You can copy your English paragraph and translation into the foreign language here.

2. Was the online machine translation output useful?

Not helpful at all

1

2

3

4

5

6

Very useful

3. Why? *

_________________________________________

4. What do you think was the correctness percentage the online machine translation output?

□ 70%–100% correct

□ 60%–70% correct

□ 40%–50% correct

□ Less than 40% correct

5. Can you write your improved text into the foreign language here?

_________________________________________

6. What do you think was the correctness percentage of your text post-edited into the foreign language?

□ 70%–100% correct

□ 60%–70% correct

□ 40%–50% correct

□ Less than 40% correct

7. Did the aid of the online machine translation output improved your writing or did not help?

□ Improved my writing

□ Did not help

□ Other:

_________________________________________

8. Why? *

_________________________________________

Online Machine Translation (online machine translation) for oral production

For this particular section, you will also need to use an online machine translation app.

1. Prepare a few spoken phrases in English about a topic of your interest/seen in class and translate them into a foreign language with the aid of an online machine translation app. You can copy your English phrases and their translation into the foreign language here.

2. Was the online machine translation output useful?

Not useful at all

1

2

3

4

5

6

Very useful

3. Why? *

_______________________________________________________

4. What do you think was the correctness percentage the online machine translation output?

□ 70%–100% correct

□ 60%–70% correct

□ 40%–50% correct

□ Less than 40% correct

5. Can you upload your improved speaking into the foreign language here?

_______________________________________________________

6. What do you think was the correctness percentage of your spoken text post-edited into the foreign language?

□ 70%–100% correct

□ 60%–70% correct

□ 40%–50% correct

□ Less than 40% correct

7. Did the aid of the online machine translation output improved your speaking or did not help?

□ Improved my speaking

□ Did not help

□ Other:

_______________________________________________________

8. Why? *

_______________________________________________________

Looking ahead

This section seeks your opinion on using online machine translation for ILL (independent language learning).

1. For my ILL learning, I would use online machine translation in order to

□ aid reading comprehension

□ aid listening comprehension

□ aid written production

□ aid oral production

□ Other:

_______________________________________________________

2. In what ways do you find online machine translation useful for your ILL?

□ it can help me with vocabulary development

□ it can help me to draft a text

□ it can help me with unfamiliar grammatical structures

□ it can help me repeating pronunciation

□ it can help me to get communicated in a language I do not speak

□ Other:

_______________________________________________________

3. In what ways do you find the use of online machine translation controversial in ILL?

□ it can create dependence

□ it is unnatural

□ the online machine translation output may confuse you

□ you still need correction

□ its use with idiomatic expressions, colloquial language and terminology is limited

□ settings such as Register or Text type are inexistent

4. Can you mention online resources/apps that you consider more useful than online machine translation?

_______________________________________________________

5. Why? For what purpose do you use these resources/apps?

6. Would it be useful if your teacher would teach you about the potential and limitations of online machine translation for language learning?

□ Yes

□ No

□ Other:

_______________________________________________________

7. Why would you or would you not find it useful?

8. Would you approve if your institution would add online machine translation to the list of banned/plagiarism-inducing online resources?

□ Yes

□ No

□ Other:

_______________________________________________________

9. Why would you or would you not approve it?

_______________________________________________________

10. What online machine translation website/app did you use to complete this survey?

_______________________________________________________

11. What is your opinion overall about the use of that particular online machine translation website/app for ILL? Will you use it in the future? For what purpose?

_______________________________________________________

12. What do you think are the most useful features of online machine translation for ILL?

□ dictionary and collaborative dictionary

□ conjugation aid

□ grammar and spell checker

□ personalised vocabulary lists/phrasebooks

□ pronunciation aid

□ speech recognition

□ offline access

□ examples in context

□ many language combinations

□ quizzes and games to revise vocabulary and phrases

□ connecting to a real live human translator

□ accessing translation history

□ editing and customising dictionary entries

□ being able to launch it with your voice using Google Assistant

□ being able to translate whole images or handwritten text

13. What online machine translation limitations will be more difficult to overcome?

□ Register: not distinguishing between formal and informal register

□ Not being able to ‘detect’ sarcasm, irony, etc.

□ Not being able to translate puns, double meaning, homophones, etc.

□ Not recognising cultural items

□ Not recognising proper names

□ Lack of text structure: cohesion, coherence, co-reference

□ Terminology and phraseology management

□ Collocations, idioms and fixed-expressions

□ Language varieties

□ Grammatical equivalence

14. What is your opinion about the use of online machine translation for multilingual communication? Can you give examples of possible uses in your field?

_________________________________________________________
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ya no puede caminar

porque no tiene, porque le falta
marihuana que fumar.

Ya murid la cucaracha

yala llevan a enterrar

entre cuatro zopilotes

Y un ratén de sacristan.

OMT: The cockroach the cockroach,
can no longer walk

because he does not have, because he lacks
marijuana that smoking.

The cockroach has died

they are already going to bury her

between four vultures

SR & aasete el





OPS/RLT-28-2402-F14.jpg
Notusetoatal
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It tansoted talmost perfctly ad it helped me

undertand specficwords ot o have

undestood therwise (14

Help me it quickand accurste understanding  Some parts 3t ot resdable/meaningful I Eglsh <4)

thegenerl e o th ot 48] Grammtically wrong i some piaces. (1]
eheptthesame word (1]

Ithelpe to darfy dificut tense agreements (3] ik s pragraph wos ot ranstatedvery well

because tisa erarytxt o1t has more complex
mearings thancommercil s, for ampe. (<1
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=0Urce 19XI: Nas uitimas semanas, a 1AP 1em cancelado vanos voos @ justiicaco a
situagao com “razoes operacionais”. Mas sabe-se que em quesiao tem estado o
descontentamento de varios trabalhadores. No final de més passado, os pillos da
TAP decidram cortar nas horas exlra e o caos instalou-se. Com o planeamento de
vérios ¥o0s a depender diretamente da toca de féras e do adiamento de dias de
descanso, foi muto faci chegar ao cancelamentos de v0os. (Sapo.pt]

OMEI, In recent weeks, TAP has canceled soveral fights and justied the situation
With “operational reasons". But it is known that in question has been the discontent of
several workers. Al the end of last month, TAP pilots decided 1o cut overtime and
chaos settled. With the planning of several fights {0 depend directly on the exchange
of vacations and the poslponement of days of est, it was very easy 1o arrve at fight
cancellations.
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Notusetoatal
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1400t know you coudsten 09 extractof . tcan bediffcuit o make out exact sounds (0]
foregn anguage vt 3n OMT! 1] X mishesrdsome part i French tht fcted meanin,
3. comme e <> comment, 3 gahanisée => I3
eahansé )
Speechotextnot good (1]
Usefultoransite aphrase or ricky word 3] Koy picked up ocesiona wordsratherthanwhole
Ewas sefl o the general idea 5] sentences (<3 Lory speifictems where notdepicted

by T ] 4 skipped wrds 1]
OMT provids me with  transeript s well. There s nosense i the sentence 7]
ashearngt verbaly (2]

heps o se fweflly understod the mesningof 2 Manysyntax erors,some vocab etrs and overal he
sentence ater translatiog o another anguage 1) paragraph s ot acceptable n Englsh, 1]

1 understond prety much on my own (<3
The spoken Spais nth video was esier to understand
than the OMT 2]
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' 2ource lext: Last week | went on a geology fleld trip to Levon 'n which | had
1o stay in a chalet with my course mates and go into the field everyday for a
week. | had (o make geological maps of diferent cosalines, lear (o take
measurements using a compass and visited a quary. t was very intense s
we visited lots of locations and had a lotof work (o do, but i learnt alot and
was fun.

- OMT: La semana pasada fui a un viaje de geologia a Devon en el que tuve
que quedarme en un chalet con mis companeros de curso e ir al campo
todos Ios dias durante una semana. Tuve que hacer mapas geoiogicos de
diferentes cosatinas, aprender a tomar medidas con una brijula y visitar una
cantera. fue muy intenso ya que visitamos muchos lugares y tenia mucho
rabajo por hacer, pero aprendi mucho y fue divertdo.

- My transiation: La semana pasada fui a un viaje de geologia a Devon en e
que tuve que quedarme en un chalet con mis companeros de curso e ir a
campo todos los dias durante una semana. Tuve que hacer mapas
‘gealdgicos de diferentes costas, aprénder a tomar medidas con una brijula
Visitar una cantera. Fue muy inienso ya que visitamos muchos lugares y
T Pt e neir i Taokes sl st v i dialids:
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Hotusettatan sa0%
Notvery et ssox
S——

Usetal 26505
Most usetl 0w
Veryuset 0%

°© 5 o 15 » m » 3 w0 s

perene

‘Good/ery good wanstion (+16]

K cffers everal options of transiaton and f you have
some knowledge of th foregn anguage you anchoose
the most cortet ane.Also with s knowlde you an
adapt your English input toincrease th chances of the
trandiation being correct n Spanih, by adjsting the
word oréerand choieof vocs,for xampl 1]

A compltely grammatical et tht contins il the
information ofth oigas i the some order (<1]

The tansiaton's accorate and esiyunderstandable 3]

i able o ive me a quickprsgrah (2] nFrench

K hlpswithvocabulary <) and an e usd toverly

thelps oseeifam rightaboutitor ot (<]
1thelped withcomple grammr 2]
SRR T

€ anshtes ollwordstaral not rasing the.
generssense o the sentence (2]

18did ot ook very Spanish it seemed ke an English
personwritng Spanih ather thamsounding

more nate (]

Many mistakes 3]
Alotofwords werelost ntranslaion nd sound
o

The grammar s bi dodgy (1]

1 <ould transate t without the aidof the OMT 2]
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Audio source: Muy pocos saben qué es la fisica, aunque hayan
cursado mas de 3 0 4 cursos de la misma. La fisica es a ciencia
que estudia los fendmenos naturales. Torados, huracanes,
gravedad, orbitas de planetas, velocidad, choques,

evaporacién, condensacién, explosiones, implosiones, etc.

Audio OMT: Very few know what physics s, although they have
completed more than 3 or 4 courses of it. Physics is the science that
studies natural phenomena. Tomadoes, hurricanes, gravity, orbit of
planets, velocity, collisions, evaporation, condensation, explosions,
implosions, etc.

My translation: Very few know what physics is, although they are
well versed in 3 or 4 similar courses. Physics is the science that
studies natural phenomenons. Tomadoes, hurricanes, gravity, the
orbit of planets, velocity, colisions, evaporation, condensation,
explosions, implosions, etc.
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Helped me o sructurs the s part o the sentence (<]
It was quick o tanste nd provided fll semtences (<2

Aloof thetrarslaon was wrong and had o be
repested o cven b hard <]
I ddn'understand my acent 3]

e were some vocsbularysues bt with e nowiedge
1keadyhov thy are asy oot and ety 1)
Usefolforndidoatwords bt he senteces

et grammaicaly corec ]

estuggied vith Names 1]

The Bigestshordlof OMT s misvdersanding.
colloquial language (x1)
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* aource text: This experiment was conducted to measure the charge of the
electron, e. Oil drops were sprayed into a space between two conducting
plates which were used to create a magnetic feld, so that weight acted
‘downwards on the droplets, while the Coulomb force acted upwards.

- OM: Este experimento fue conducido para medir fa carga del electrén, e
las gotas de aceite fueron rociadas en un espacio entre dos placas que
conducian que fueron utiizadas para crear un campo magnético, de modo
que el peso actuara hacia abajo en las gotitas, mientras que la fuerza de
Coulomb actuaba hacia arriba.

- My teanslation: Se conduzcaron este experimento para medir el cargo en
el electrén, e. Se rocieran las gotas de aceite en un espacio entre dos
placas conductoras, que se usaban para crear un campo magnético, para
que el peso actus hacia abajo, mientras que la fuerza Coulomb actus
hacia armiba.






