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Abstract

:

Vocabulary acquisition and retention is an essential part of learning a foreign language and many learners use flashcard applications to repetitively increase vocabulary retention. However, it can be difficult for learners to remember new words and phrases without any context. In this paper, we propose a system that allows users to acquire new vocabulary with media which gives context to the words. Theoretically, this use of multimedia context should enable users to practice with interest and increased motivation, which has been shown to enhance the effects of contextual language learning. An experiment with 46 English as foreign language learners showed better retention after two weeks with the proposed system as compared to ordinary flashcards. However, the impact was not universally beneficial to all learners. An analysis of participant attributes that were gathered through surveys and questionnaires shows a link between personality and learning traits and affinity for learning with this system. This result indicates that the proposed system provides a significant advantage in vocabulary retention for some users, while other users should stay with traditional flashcard applications. The implications of this study indicate the need for the development of more personalized learning applications.
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1. Introduction


The way learners engage with educational content has evolved due to the introduction of internet-connected devices. Mobile-ready e-learning allows for access to study and practice without a location or time constraints [1,2]. In the field of second language acquisition, flashcard applications are a dominant form of mobile study due to their ease of construction and straightforward usage scenario for the learners [3,4]. These digital flashcards are often improvements upon their analog counterparts in that they include performance metrics and steps to reduce the forgetting curve. However, a limitation of these types of flashcard applications is that they do not take context-based learning and incidental learning into account. Unknown words need to be pre-defined, rather than be discovered. Developing technologies that support such learning on mobile platforms is important since researchers have shown that diverse and informative contexts will enhance the effects of vocabulary acquisition [5,6]. Additionally, learners gain vocabulary incidentally through reading behavior like extensive reading [7], and such a learning strategy shows better performance compared to intentional learning [8]. In this paper, we develop and test a system where learners interact with video and caption content to discover and then practice learning unknown words. This allows for the creation of a flashcard system that can present vocabulary with context and encourage incidental learning.



Context-based learning allows learners to have better learning outcomes by giving them targeted learning material that is related to their interests. This enhances the learning effects of the material in terms of comprehension and motivation to study [9,10]. Previous attempts at introducing context-based learning have been carried out on both the desktop format [11] and the mobile format [12]. These implementations of context-based learning are severely limited in the type of content that can be delivered to the learner, as they primarily focus on text-based learning. In this research, we developed a system which broadens the choices of the learning materials. Our system expands the source of the learning materials multimedia so that users can learn through various media such as video captions and lyrics in a fully mobile setting.



This work uses a smartphone application for several reasons. First, mobile learning environments are a growing modality of learning for college-age adults [13], especially since the start of the COVID-19 pandemic [14,15]. In addition, mobile learning allows for sporadic and unplanned learning sessions which can be engaged regardless of location [2]. This is especially beneficial for learning tasks where memorization is key, such as language learning, and is also important for users who may not have stable locations for study [16]. Finally, an application allows us to investigate the usage of the context-based system in a mobile setting and allows users to use the application wherever they want.



In this manuscript, we performed an experiment with 46 non-native English-speaking participants for four weeks to measure the English vocabulary memorization retention impact of the proposed system versus a traditional flash-card system. The goal of this experiment is to understand whether the context-based multimedia application is beneficial for all or some participants with the learning and retention of vocabulary. We found that the proposed system is effective in enhancing retention for many users. However, there are users for whom the proposed system is not advantageous. An analysis of user attributes indicates that there may be some ways to identify and suggest for whom context-based learning is appropriate. These results provide insight into the value of context-based systems for learning vocabulary, and highlight the need for personalization.



The main contributions of this work are as follows:




	
We extend a vocabulary flashcard system to include multimedia context-based system features.



	
We perform an analysis of a context-based vocabulary system which gives insight into how different learners benefit from such a system.









2. Related Work


In this work, we focus on the concept of being able to provide context-based learning in a mobile smartphone-based scenario. That is, learners are able to study whenever and wherever they want. Therefore, we look at two areas of related work: context-based learning for second language acquisition and mobile applications that use flashcards for the learning of vocabulary.



2.1. Context-Based Learning


Previous work has discussed the effectiveness of context when learners acquire vocabulary. For example, Webb et al. [17] have revealed that context by itself does not affect vocabulary acquisition. Researchers have shown that informative sentences improve the power of vocabulary retention [5,18,19]. Additionally, learning from multiple sentences rather than a single sentence enhances the effectiveness of context-based learning [5,6].



There are many factors involved in improving the quality of context-based learning. For example, vocabulary is effectively acquired when learners interact with documents they are interested in [20,21]. In addition, video captions and lyrics are also effective for learning vocabulary [22,23]. Moreover, visual and auditory information help to comprehend contexts and retain vocabulary, which are different aspects of reading documents [24].



Researchers have also explored the combination of intentional learning and incidental learning [25,26]. For example, Laufer [27] revealed that reading itself leads to little gain in vocabulary mastery, but supplemental use of word-focused activity such as using a dictionary will bring vocabulary gain. Schmitt [28] has suggested that intentional learning and incidental learning each have disadvantages and they compensate and positively require a combination of each other.




2.2. Mobile Learning Flashcard Systems for Vocabulary Acquisition


Mobile devices are suitable for learning not only in terms of convenience but also in terms of learning effectiveness due to the ability to learn anywhere at any time [29]. Nikoopour et al. [30] revealed that the learning effects of mobile flashcards and paper flashcards are superior to that of flashcards on a desktop owing to their portability. This result indicates that the learning effect of flashcards cannot be improved simply by digitizing them but ensured by making them portable. Moreover, Nikoopour et al. also suggested mobile flashcards are the most active way to learn vocabulary. This impact will be more pronounced in the long term. Xodabande et al. [31] have revealed that the amount of vocabulary learned through a year was significantly higher with the mobile flashcards than with paper flashcards, and also found that acquisition of academic words was higher with mobile flashcards in both a controlled setting [32] and in a long term-self-directed learning scenario [33]. Zakian et al. [34] also found that a mobile flashcard system outperformed traditional word lists for long-term learning. The results suggest that mobile flashcards are superior to paper flashcards in terms of a chance to be exposed to more vocabulary.



While previous literature indicates that context-based learning is effective, there is no concrete proof that context-based learning is always more effective than a simple repetitive drilling application in a mobile setting. Yamaguchi et al. [12] used a previous version of the system presented in this paper to look at the effectiveness of a context-based system with text-based news articles. In this case, words were selected as unknown from within text-based articles which the participants chose as interesting. The results of this study were limited in duration and sample size but showed that the method was effective overall. However, the power of the effectiveness dropped over a week and was not effective for all participants. This indicates that simple repetition may be more effective for some users when they study on their own.





3. Application Architecture


In order to evaluate context-based learning in a mobile setting, we extended a mobile application with context enabled content called the Vocabulometer based on previous web and mobile versions [11,12,35]. In particular, this work extends upon Yamaguchi et al.’s work [12] where a text-only context-based flashcard system was presented and shown to be effective. This application uses the main elements of a flashcard application for learning English and can have its contents personalized to a user’s interests with different types of media.



3.1. Learning English Using the Proposed System


Figure 1 shows how a user would enable and use the application. First, the user registers topics they are interested in and answers the vocabulary questions from the San Diego Quick Assessment [36] to initialize the content. The proposed system generates a personalized word list for the user based on their interests and results. After initialization, the user registers their preferred videos. When a user starts to play the video, captions and these translations will display as shown in Figure 1. In the video player screen, the unknown words are highlighted. After watching the videos, the user sends feedback on the subjective difficulty and answers a question form. The question form consists of the words the proposed system estimates as unknown words from the feedback and the user’s word list as shown in Figure 1. Users are asked to check whether they already know the word or not. The words displayed on the question forms are stemmed and do not include stopwords. A user’s word list is updated every time the question form is answered, thus improving the personalization of the proposed system every time the user watches a video.



We use flashcards for the review system as shown in Figure 1. The flashcards consist of three elements: unknown word, embedded YouTube video, and video caption including the unknown word. The user can watch the part of a video that corresponds to the captions. Words labeled as memorized by the user are filtered out and the proposed system automatically displays words labeled as not memorized. The proposed system displays them again at an interval to encourage vocabulary retention. We apply the Leitner system [37] which is a traditional spaced repetition algorithm. The proposed system sends push notifications to the user when the flashcards are updated and thus motivates the user to use the application.




3.2. Learning Material


The proposed system uses multimedia content for learning materials: documents, video captions, and song lyrics. For text content, we use documents from two sources: the Newsela [38] dataset and news articles. Newsela provides English articles for language learners with five reading levels per article. This allows learners to select the content that matches their skills. We categorized the Newsela articles into seven topics (entertainment, economy, environment, lifestyle, politics, sport, and science) to allow participants to choose interesting content more easily. We also use news articles that are available on Yahoo! News (https://news.yahoo.com/ (accessed on 10 October 2023)). The user can select a news article from it. When the user selects English articles from the Newsela dataset or registers the URL of the news article, the proposed system displays the estimated unknown words in highlights. For audio-visual content, we use videos that are available on Youtube (https://www.youtube.com/ (accessed on 10 October 2023)). When the user registers the URL of their preferred YouTube videos, the proposed system displays the embedded video, captions, and its translation with their estimated unknown words highlighted. Finally, for audio content, we use lyrics from songs available on Spotify (https://www.spotify.com/ (accessed on 10 October 2023)). The user can link their own Spotify account to the proposed system. When they successfully link to their account, the proposed system displays the lyrics from the playlist they created with their estimated unknown words highlighted. The user can also seek the part he/she wants to watch by tapping the caption.



These multi-media functions in the application enable the user to enhance the effects of incidental vocabulary learning in terms of context diversity. Moreover, users acquire the benefits of using videos and lyrics as learning materials that they could not obtain by using text alone.





4. Experiment


In order to understand the effectiveness of the proposed system, we conducted an experiment to examine the effectiveness of the proposed system by having participants (  N = 46  , Male:   N = 33  , Female:   N = 13  ) learn unknown English vocabulary with both the proposed system and a standard flashcard application. Specifically, we conduct the analysis with a within-subjects approach. Participants used their own smartphones for using the application and subsequent experiment (iOS: 31, Android: 15). 44 of the participants were Japanese university students with an age range of 18 to 25 years, and two participants were not university students (31 years old and 41 years old, respectively). Participants had a wide range of English abilities (TOEIC scores of participants: mean = 686.1 (min: 440, max: 955)) and while some participants studied English daily, some rarely studied English. All participants had exposure to studying English and there were no English-learning beginners. At the end of the study, participants received 1000 JPY per hour for a total sum of 11,000 JPY (approximately 75 USD) for their participation. The study received ethical approval from the Graduate School of Engineering at Osaka Prefecture University (Now: Osaka Metropolitan University) on 27 December 2021.



First, we randomly divided participants into two groups (Group X and Group Y). Next, participants selected videos they were interested in and registered them to the proposed system. They then picked out unknown words in each video with a questionnaire form provided by the proposed system. They repeated this process until they had collected 100 unknown words. We call these unknown words the Experimental wordset. We then selected another 100 words that were not used in the Experimental wordset and called them the Control wordset. The Control wordset is adjusted by its word frequency to that of the Experimental wordset to normalize the difficulty of both wordsets. The participants confirmed all of these words as unknown words. After that, the participants attempted to memorize the unknown words. The participants of Group X memorized the Experimental wordset using the proposed system. As shown in Figure 2, the unknown word, the video captions, and its corresponding part of the video are displayed first. Then, the participants check the translation by tapping the translation button. The participants of Group Y memorized the Control wordset using the flashcard function which displays only unknown words and the corresponding translations. As shown in Figure 3, the unknown word is displayed first, then the participants check the translation by tapping the translation button. The participants memorized these 100 words for three days. They were asked to review until they thought they had memorized them “by heart” each day. However, it should be noted that this element was left for the participants themselves to determine.



We conducted three post-tests at intervals of 1, 7, and 14 days after the last day of the memorization part. The post-test of 1 day after the last day of memorization consisted of all 100 words. We randomly divided 100 words into halves to take test effects into account. The post-test of 7 days after the last day of memorization consisted of a randomly selected halves of the 100 words. The post-test of 14 days after the last day of memorization consisted of the other halves. After finishing these post-tests, the participants of Group X were asked to memorize the Control wordset and take post-tests, and the participants of Group Y were asked to memorize the Experimental wordset and take post-tests. We conducted post-experiment questionnaires after all data were collected from the experiment.




5. Analysis


Figure 4 shows the difference between the number of correct answers for each experiment mode and the number of people who reached that score range. A positive value on the horizontal axis means the participants could learn effectively by using the proposed system. As shown in Figure 4, 19 out of the 47 participants obtained a better score on the post-test in the Experimental mode than in the Control mode.



In order to investigate whether there is an overall and universal impact, we ran a two-tailed Wilcoxon–Pratt Signed-Rank Test [39]. Table 1 shows the overall statistic values for the Experimental wordset and the Control wordset. Table 2 shows the results for the Wilcoxon–Pratt Signed-Rank Test. The results indicate we cannot conclude that the proposed system is more or less effective for inducing better English vocabulary retention based upon a comparison test.



However, due to the distributions shown in Figure 4, it is necessary to investigate the impact on each user as well. Figure 5 shows the results for each participant. The results are ordered by the largest difference of decreasing correct answer rates for the Experimental wordset over the Control wordset. White tiles indicate ties, whereas blue tiles indicate the Control wordset scoring over the Experimental wordset. Based on this rule, Figure 5 lists the participants who have a positive effect from the proposed system, and the participants who have a positive effect from the standard flashcards. This means that there are some types of users for which the proposed system works well and others for which traditional methods are better.



The results provide some implications after two weeks of memorization. Firstly, participants with green colored squares in the second column show that vocabulary learned with the proposed system is less likely to be forgotten, and vocabulary learned from a standard flashcard is rapidly forgotten. Secondly, white squares show that learning with a standard flashcard easily loses its effectiveness. These implications indicate that the proposed system is, overall, effective for vocabulary retention. However, it is not applicable to all participants.



Since the learning effects are not universal, we utilized a post-experiment questionnaire and analyzed the results. To examine whether the proposed system is effective for a learner, we conducted linear regression analysis with variables collected from questionnaires. Table 3 shows variables we used in regression analysis. As shown in Table 3, the variables consist of Big-Five factor [40], Index of learning styles [41], TOEIC score, differences of repetition, and four answers to post-experiment questionnaires. To briefly understand which index of learning affects the proposed system, we divided each ILS score into two elements and normalized it on a continuous scale. Table 4 shows the questions asked in the post-experiment questionnaire. Question 1 asks the participants about their perceived ability to learn vocabulary. Question 2 asks about preference for learning with the proposed system and the traditional learning. Question 3 asks the participants about how they used the available context during the experiment. Question 4 asks the participants about how often they study English.



We then constructed a score to compare success between the Experimental Condition and the Control Condition. As part of the experiment, the 100 word sets, were divided randomly into two exclusive sets with 50 words:   s 1   and   s 2  . These were tested after 7 days and 14 days, respectively.



Let a function    m x   ( s )    be the number of words successfully memorized on Day x from the set s. The retention rate is    r x   ( s )  =  m x   ( s )  /  | s |    and the forgetting rate is    f x   ( s )  = 1 −  r x   ( s )   . When we describe the difference of forgetting rate between day x and y as   d ( x , y )  ,   d ( 7 , 1 )  ,   d ( 14 , 1 )  , and   d ( 7 , 14 )   are defined as follows:




	
  d  ( 7 , 1 )  =  f 7   (  s 1  )  −  f 1   (  s 1  )  .  



	
  d  ( 14 , 1 )  =  f 14   (  s 2  )  −  f 1   (  s 2  )  .  



	
  d  ( 14 , 7 )  =  f 14   (  s 2  )  −  f 7   (  s 1  )  .  








Let   d  ( x , y | P )    be the difference obtained by the proposed system and let   d  ( x , y | F )    be the difference obtained by the flashcard. Thus:




	
Day 7 vs. Day 1 is defined as:   d  ( 7 , 1 | P )  − d  ( 7 , 1 | F )   



	
Day 14 vs. Day 1:   d  ( 14 , 1 | P )  − d  ( 14 , 1 | F )   



	
Day 14 vs. Day 7:   d  ( 14 , 7 | P )  − d  ( 14 , 7 | F )   








After checking the variables for normality, we ran a series of three linear regression models. Table 5 shows the regression analysis result of taking Day 7 vs. Day 1, Day 14 vs. Day 1, and Day 14 vs. Day 7 as a dependent variable. We used the Akaike Information Criterion to refine the stepwise model selection. In the process of model selection for Day 14 vs. Day 1 and Day 14 vs. Day 7, participant P6 was removed as a high-leveraged outlier according to Cook’s Distance. All models were satisfied with the assumptions for a linear model and multicollinearity was checked with a conservative threshold of VIF < 2.5. Multiple comparisons were handled with Bonferroni corrections.



In the results, as shown in Table 5, a negative estimated value means the independent variable had positive effect on the proposed system. A positive estimated value means the independent variable had an adverse effect on the proposed system.



The models themselves vary in how much of the performance they can explain. In Day 7 vs. Day 1,    R 2  = 0.2285  , in Day 14 vs. Day 1,    R 2  = 0.4417  , and in Day 14 vs. Day 7, the    R 2  = 0.3051  . While none of the models can explain the majority of the user outcome, it is promising that factors that were recorded can contribute to understanding for whom this system works. In the future, it might be possible to quickly assess and recommend tools to different types of learners.



In summary, we found the following:




	
For some users, the proposed system has an overall positive effect on English vocabulary retention two weeks after the memorization term.



	
The system is not beneficial for all users, for whom a simple flashcard seems to be more beneficial.



	
Some indexes relating to personality traits and learning styles are key factors to explain whether the proposed system is effective for a learner.









6. Discussion


In a previous study, Yamaguchi et al. [12] showed that a context-based text flashcard application could potentially be effective, at least over a short duration, for some participants. In this experiment, the multimedia that was available to the participants and the time in which they used it was expanded. As a result, the outcomes clearly illustrate both the promise and limitation of new technologies which allow learners to study for language acquisition with flashcards that are augmented with media content. Although context-based learning definitely has benefits for some users, other users will not benefit from this approach. Based on the results of this study, certain personality traits indicate the presence or lack of affinity to the learning style, which means that it should be possible to recommend whether this application is likely to work for an individual or not.



When looking at the comparison results, we can see that certain factors are important. In the case of Day 7 vs. Day 1, as shown in row 1 in Table 5, Sensing had a positive effect on the proposed system. People who belong to the learning style of Sensing prefer to learn from concrete and practical information. In this experiment, most participants used educational videos such as TED. As a result, the participants who belong to the learning style of Sensing can effectively acquire vocabulary through video content with the proposed system.



In the case of Day 14 vs. Day 1, as shown in row 2 in Table 5, Neuroticism and Sensing score had positive effects on the proposed system. This result suggests that comprehension of the contexts leads to retaining vocabulary. Videos and subtitles can facilitate learning for those with high English skills. However, they can be a hindrance to learning for those without English skills because the contents are difficult to understand. Additionally, both Active and Reflective, which are defined as the opposite indexes in ILS, had adverse effects on the proposed system. This indicates that the proposed system outperforms people who can process information in both an active and reflective way.



In the case of Day 14 vs. Day 7, as shown in row 3 in Table 5, the proposed system affects people who are good at vocabulary learning and people who mainly use video contexts in video attached flashcards. This indicates that context comprehension and its effective use contribute to vocabulary retention. On the other hand, Extraversion and Reflective had an adverse effect on the proposed system. This trend also appears in the case of Day 14 vs. Day 1.



The results show that it is important to develop applications and systems with the individual user in mind. Overall, there is not a universal advantage between the proposed system and the typical digital flashcard, as opposed to the clear advantage that can be found between digital flashcards and paper flashcards [30,31,32,33,34]. Unlike the move from paper flashcards to digital flashcards, which can be recommended in general, the context-based approach is appropriate for some learners. As context-based personalized learning becomes more and more prevalent, there needs to be an emphasis by developers on recommending the right type of learning style for each user. This proposes several challenges. The methods for recommendations need to be accurate enough to be useful for users while preserving user privacy and engagement at the same time. At the same time, the power of the results is not strong enough to be prescriptive in nature. That is, it would not be possible to build a recommendation system on this analysis alone.



Limitations and Future Work


There are several limitations to this paper. First, there is a lack of an objective measurement of the “stickiness” of the proposed system. We do not know how users will use this context-learning system free from any guidance. This lack of analysis may either limit the potential impact of the proposed system or overstate it. That is, the proposed system might actually result in more usage, and therefore, a benefit, even for users who did better with the traditional flashcard, or vice versa. Another limitation is the lack of an analysis of long-term memorization. One method may universally lead to better long-term results.



An important limitation to acknowledge is the demographics of this study. The vast majority of participants in the study are young Japanese male university students. There may be cultural impacts within this study that limit the generalizability of the study. Further work with more diverse participant cohorts needs to be completed.



Another area of exploration beyond the scope of this paper is learning beyond English vocabulary for learners. The current focus of the research is on second-language vocabulary acquisition in adults. The approach may have the potential to encourage childhood vocabulary acquisition in mobile settings as well as being portable to other subjects where memorization and repetition are required.



A vital area of future work is furthering the understanding of and ability to describe the relationship between different learning styles and the affinity for learning with the context-based system. Future work will include analysis on both in-the-wild usage as well as longer-term studies, with a focus on collecting more data with user traits and the ability to learn with the different systems. The term goal is to build an effective recommendation system for learners.





7. Conclusions


In the paper, we present a system that allows mobile users to engage in context-based learning for English vocabulary acquisition. In particular, we expand the media that can be used from text-only to video and audio. A study with 46 participants using videos found that there is no universal benefit for all users. However, we did find that certain learning and personality traits indicate a proclivity towards or against the proposed system as compared to a more traditional flashcard application.



The study shows that there is no one best learning style for all learners, and this extends to the mobile space. The proposed system cannot be recommended to all learners, such as those who exhibit the personality trait of Extraversion and the learning traits of Active and Reflective, even if the technology seems attractive. But the approach does promise important benefits for vocabulary acquisition for some individuals, such as those who have the personality trait of Neuroticism and the learning trait of Sensing. Future work should focus on the creation of non-invasive recommendation systems for learning styles and platforms.
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Figure 1. The flow of learning with a video in the Proposed System. In (a), the yellow represents the audio that is currently being played with English and Japanese captions. The orange represents probable unknown words. In (b), the participant can then select unknown words from the predicted set. In (c), the participant can review the word in the context of the video. All Japanese text in the subfigures is accompanied by the English translation above it. (a) Video and Caption, (b) Feedback, (c) Review. 
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Figure 2. The Proposed System Application for the Experimental Setting of the Experiment. Participants can declare whether they remember the word or not. In addition, they can repeat or skip the word. Content is intentionally blurred. (a) Participants encounter an English word without any translation, (b) The Japanese translation is made available. 
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Figure 3. Flashcard Application for the Control Setting of the Experiment. Participants can declare whether they remember the word or not. In addition, they can repeat or skip the word. (a) Participants encounter an English word without any translation, (b) The Japanese translation is made available. 
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Figure 4. Aggregate Test Results for Users: Positive Results Indicate an Aggregate in Favor of Experimental Condition. 
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Figure 5. Test Day Differences in Memory Between Experimental wordset and Control wordset per User. White = No Difference, Light Green to Dark Green in Ascending Order of a Greater Difference in Favor of Experimental wordset. Light Blue to Dark Blue in Ascending Order of a Greater Difference in Favor of the Control wordset. Users are ordered by Day 14 Results. (a) Users where the Experimental Condition is more effective, (b) Users where the Control Condition is more effective. 
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Table 1. Mean and Standard Deviation for the post-test score of the Experimental and Control Conditions for all Days of Testing. The Full score of Day 1 is 100, and the Full score of Day 7 and Day 14 is 50.
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	Test Day
	Experimental Mean

(Score Rate)
	Experimental

STDEV
	Control Mean

(Score Rate)
	Control

STDEV





	1
	79.19 (79.19%)
	17.29
	81.25 (81.25%)
	21.72



	7
	35.21 (70.42%)
	9.69
	37.23 (74.46%)
	10.01



	14
	28.82 (57.64%)
	8.45
	27.63 (55.26%)
	10.54










 





Table 2. Results of a Wilcoxon-Pratt Signed-Rank Test Between the Experimental and Control Conditions for Each Test Day.
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	Test Day
	p-Value





	1
	0.267



	7
	0.218



	14
	0.420










 





Table 3. Variables used in regression analyses.
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Association

	
Variables






	
Big-Five factor

	
Extraversion




	
Agreeableness




	
Conscientiousness




	
Neuroticism




	
Openness




	
Index of learning styles

	
Active




	
Reflective




	
Sensing




	
Intuitive




	
Visual




	
Verbal




	
Sequential




	
Global




	
English skill

	
TOEIC score




	
Difference of repetition

	
Mean




	
Minimum




	
Maximum




	
Median




	
Post-test questionnaire

	
Q1




	
Q2




	
Q3




	
Q4











 





Table 4. Post-test questionnaire.
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	No.
	Question
	Response Method
	Options





	1
	Are you good at vocabulary learning?
	5-point Scale
	Very Bad–Very Good



	2
	Which flashcards do you prefer for daily use and to what extent?
	9-point Scale
	Completely Prefer using context flashcards-Completely Prefer traditional flashcards



	3
	How did you use videos and captions in context-based flashcards?
	3 Choices
	1. “Complementary Use” 2. “Used to Same Extent as Traditional Memorization” 3. “Primarily Used”



	4
	In the past year, how often did you study English?
	6 Choices
	About Once a Year-More than Once a Week










 





Table 5. Result of regression analysis. * p < 0.025, ** p < 0.005.
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Target

	
Variables

	
Estimate (   ×  10  − 2     )

	
SE (   ×  10  − 2     )

	
t-Value

	
p-Value






	
Day 7 vs. Day 1

	
Agreeableness

	
−0.715

	
0.395

	
−1.810

	
0.0799




	
Neuroticism

	
−0.463

	
0.355

	
−1.301

	
0.2027




	
Openness

	
0.591

	
0.473

	
1.250

	
0.2208




	
Sensing

	
−3.978

	
1.387

	
−2.868

	
0.0074 *




	
Global

	
1.947

	
1.361

	
1.430

	
0.1626




	
TOEIC

	
−0.027

	
0.023

	
−1.182

	
0.2461




	
Q1

	
3.131

	
2.219

	
1.411

	
0.1681




	
Q2

	
1.556

	
0.983

	
1.584

	
0.1234




	
factor(Q3)2

	
−9.808

	
5.205

	
−1.884

	
0.0689




	
factor(Q3)3

	
1.920

	
5.277

	
0.364

	
0.7184




	
Median

	
−1.115

	
0.742

	
−1.501

	
0.1434




	
Day 14 vs. Day 1

	
Extraversion

	
0.779

	
0.344

	
2.262

	
0.0311




	
Neuroticism

	
−1.296

	
0.430

	
−3.014

	
0.0052 *




	
Active

	
6.141

	
2.394

	
2.565

	
0.0159 *




	
Reflective

	
8.212

	
1.879

	
4.3