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ABSTRACT 

In addition to the cognitive, developmental, and pedagogical challenges of learning a second language, foreign language 
learners also face emotional obstacles. Negative emotions such as confusion, frustration, and anxiety interfere with the 
cognitive channels, which in return, moderates the learning. These emotions also diminish the sense of self-efficacy, 
producing a disinclination toward beneficial practice. In this research, we are focusing on foreign language anxiety 
(FLA). Our long-term goal is to recognize FLA and overcome it within the context of an intelligent foreign language 
learning system. As a first step, we are focusing on the recognition of FLA within a simple e-learning system for English 
language learners. To identify FLA, we correlated physical measurements (eye fixation, heart rate, and blood pressure) 
with emotional self-report. We found that the compound predictors of self-report of language difficulty, self-report of 
system difficulty, and exercise score can identify language anxiety. This finding will allow us to build a sensor-free 
anxiety detector which we will use to help overcome foreign language anxiety in the future. 
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1. INTRODUCTION 

Foreign language anxiety (FLA) refers to the learner's feelings of tension, stress, and nervousness while 
learning a non-native language (Horwitz, Horwitz and Cope, 1986; Maclntyre and Gardner, 1994). Learners 
with FLA suffer from both reduced performance and achievement (Maclntyre and Gardner 1994), but an 
intelligent tutoring system which can take into account the affective state can reduce anxiety and increase 
motivation and self-esteem (Lin, Chao, and Huang 2015). Previous research has shown that there are multiple 
ways that anxiety hinders learning (Horwitz, Horwitz, and Cope 1986). FLA reduces self-efficacy, 
motivation and engagement (Van der Meij, Van der Meij, and Harmsen 2015; N. Wang and Lewis Johnson 
2008).  It interferes with cognitive channels (Castillejo 2018) and decreases foreign language achievement 
(Onwuegbuzie, Bailey, and Daley 2000). It increases cognitive load and overwhelms working memory (Chen 
and Chang 2009). Anxious learners shift their cognition from the learning to the threat (Pappamihiel 2002), 
which obstructs cognitive processes and reduces performance (Maclntyre and Gardner 1994). FLA also 
interferes with the fluency of speaking the second language (Castillejo 2018; Horwitz, Horwitz, and Cope 
1986).    

To improve the process of foreign language learning, we need to recognize that anxiety plays a critical 
role in shaping the learning experience (Horwitz, Horwitz, and Cope 1986). Identifying FLA can alleviate 
and eventually overcome anxiety, which in return can promote learning (Horwitz, Horwitz, and Cope 1986). 

Previous research has described different types of techniques for identifying emotions including  
self-report (Arevalillo-Herráez et al. 2017; Castillejo 2018; Horwitz, Horwitz, and Cope 1986; Kerns et al. 
2014; Maclntyre and Gardner 1994; Monkaresi et al. 2017; Wixon et al. 2014), physical instruments 
(Fernandes et al. 2018; Gotardi et al. 2018; Kantor et al. 2001; Keil et al. 2018; Krejtz et al. 2018; Mucci et 
al. 2016; Weeks, Howell, and Goldin 2013; Zhang et al. 2011), and expert observers (Baker et al. 2012; 
D’Mello and Graesser 2010). The most prominent self-report tool is the Foreign Language Classroom 
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Anxiety Scale (FLCAS) (Horwitz, Horwitz, and Cope 1986), which has been shown to reliably measure the 
anxiety level in classroom settings (Park 2014; Rodríguez and Abreu 2003). Other researchers used sliders 
with emojis on each end to measure emotions such as arousal and pleasure (Betella and Verschure 2016). 

Previous research using physical measures to detect anxiety has shown varying results. Some researchers 
used eye trackers for measuring anxiety, finding that pupil dilation was associated with anxiety (Keil et al. 
2018). Anxious participants also had a higher number of fixations with shorter duration (Runswick et al. 
2017). On the other hand, (Gotardi et al. 2018) found no correlation between anxiety and saccadic eye 
movement which should be strongly correlated with fixations. Some researchers used heart rate and facial 
expression to detect engagement, however, they found that heart rate does not provide significant information 
(Monkaresi et al. 2017). Other researchers (Gotardi et al. 2018; Kantor et al. 2001; Zhang et al. 2011) found a 
positive correlation between anxiety and heart rate.  Some prior work found a significant association between 
blood pressure and anxiety (Mucci et al. 2016; Zhang et al. 2011), but others (Howell et al. 2007) found no 
significant relationship. To label students' emotion, some prior research used observations by expert judges 
(Baker et al. 2012; D’Mello and Graesser 2010) to identify emotions such as boredom and confusion. These 
methods were used to measure general anxiety and other emotions, but we are focused on FLA in particular.  

Through this study, we want to discover how to detect FLA while using an e-learning system. We 
addressed four research questions: 

1. What is the relationship between classroom anxiety and interaction with the system? 
2. Are physical measurements useful to measure FLA?  
3. What is the relationship between FLA and the difficulty of the exercise? 
4. What sensor-free measures are effective for detecting FLA? 

Question 1 addresses the relationship between anxiety in the classroom and anxiety while using an  
e-learning system.  When a participant is anxious in one situation, he is likely to be anxious in a similar 
context (Maclntyre and Gardner 1994). Understanding the interaction between different anxiety-producing 
situations could help to overcome anxiety (Huang 2018).  We hypothesized that students who are anxious in 
a foreign language classroom would have the same level of anxiety while using an e-learning system. That 
would result in differences in interaction behavior which would enable an adaptive tutoring system to detect 
FLA. This would also validate our choice of emotion self-report as our operationalization of FLA, because 
we compare it to a previously validated measure of anxiety. In the context of Question 2, some research 
(Kazdin 2000) has claimed that using physiological measurements is more accurate than using self-report 
because it does not depend on the truthfulness of the participants and that there is a low correlation between 
emotion self-report and physiological instruments, but we agree with (Nagane 1990) that using a combination 
of physical measurements and self-report is better than using one tool. Thus, our hypothesis was that using 
physical measurements alone would not provide an accurate reading of FLA. For Question 3, (Robinson 
2007) showed that language complexity is positively correlated with anxiety. Although (Kim and  
Tracy-Ventura 2011) found no interaction between task complexity and anxiety, in this study, we 
hypothesized that more difficult exercises would increase FLA, decreasing participants' assessment of their 
emotional state. In relation to Question 4, previous research used various metrics of interaction to identify 
emotion, including mouse behaviors (Azcarraga and Suarez 2012), time on task (Baker et al. 2012; Wixon et 
al. 2014), the number of wrong answers (Wixon et al. 2014) and emotion self-report (Petrovica,  
Anohina-Naumeca, and Ekenel 2016; Wixon et al. 2014). We hypothesized that using self-report of language 
difficulty, self-report of system difficulty, exercise score, time on task, and the number of mouse clicks could 
predict FLA.  

We built a simple e-learning system which provides practice on vocabulary, grammar, listening, and 
pronunciation at differing levels of difficulty. We observed the learners while using the system and measured 
their anxiety level using emotion self-report. To detect anxiety, we correlated multiple channels such as 
fixations, heart rate, and blood pressure with emotion self-report. According to (Cunha-Perez et al. 2018), 
adopting affect detection on intelligent tutoring system would increase the motivation and learning. The 
eventual goal of this research is to build an intelligent tutoring system that can recognize FLA and alter its 
behavior to help the learner overcome their anxiety. 
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2. METHOD 

2.1 Participants 

The study consisted of 30 non-native English speakers, 77% (N= 23) female and 23% (N= 7) male, between 
the ages of 18 and 54 years old. There were 40% (N=12) native Arabic speakers, 37% (N=11) native Chinese 
speakers, 13% (N=4) native Spanish speakers and 10% (N=3) native Thai speakers. Based on the 
participants' self-report, their education level was 7% high school, 80% bachelor's degree, 13% master's 
degree. Their English level was 17% beginner, 53% intermediate and 30% advanced. 

2.2 Procedure 

We performed three rounds of pilot tests. Each consisted of 1-2 participants. During the pilot test, we tested 
the physical measurements and self-reports. After each round, we validated the physical measurements 
settings and self-reports to assure they provide an accurate reading and avoid errors. We observed the 
participants while doing English exercises on the e-learning system. The participants spent an average 43:41 
minutes per session. All sessions were audio and video recorded, and log sheets were used to note any 
unusual occurrences. To do the observational study, we first asked the participant to read then sign the 
informed consent, ensuring that they understood. After that, we introduced the physical measurements and 
the use of each. Next, we requested the participant to complete the demographic survey and FLCAS. Then 
they followed the directions on the computer while the experimenter was in the observation room. After the 
participants finished all the exercises and the self-reports, we gave them a $20 Amazon gift card in 
compensation. 

2.3 E-Learning System 

The e-learning system consists of 27 exercises concentrated on three topics; greeting, transportation, and 
emotions. The system was designed to provide practice in English with a focus on vocabulary, grammar, 
listening and pronunciation.  To provide an effective e-learning system, we applied the multimedia, modality, 
redundancy, coherence, segmentation, and leveraging examples guidelines based on the Cognitive Theory of 
Multimedia Learning (Mayer 2005). It was implemented in HTML, JavaScript, and included agents using 
animated agents from Media Semantics. 

2.4 Metrics 

To measure FLA, we used self-report plus physical monitors. We used two types of self-report in the study, 
each in the participant's native language (Arabic, Chinese, Spanish, or Thai). The first self-report consisted of 
demographic information and the FLCAS. The second self-report was collected after each exercise. It 
consisted of three items: one on system difficulty, one on language difficulty, and one on current emotion. 
The system difficulty item was ‘I felt I knew how to use the interface’ with a five-point Likert scale from 
strongly agree to strongly disagree. The language difficulty item was ‘I felt I knew how to answer the 
question’ with a five-point Likert scale from strongly agree to strongly disagree. The current emotion 
question was ‘I felt’ with a continuous-valued slider from ‘Calm’ to ‘Anxious’ with appropriate 
accompanying emojis. 

The physical monitors were the Tobii eye tracker, Polar A370 fitness tracker, and QardioArm blood 
pressure monitor. The eye tracker was connected to the bottom frame of the screen. It provided us with the 
number of fixations, the time on task and the number of mouse clicks. The fitness tracker was worn on the 
left wrist to measure the heart rate. It provided continuous reading for the heart rate for the whole session. 
We exported the heart rate information from the fitness tracker to a log file and based on the timestamp we 
paired the heart rate to the exercise. The blood pressure monitor was attached to the left upper arm. We tried 
to get a blood pressure reading for each of the exercises but were limited in how frequently we could take 
measurements. On some exercises, we got a couple of measurements while on others we got none based on 
how long the learner spent per exercise. 
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2.5 Analyzing the Data 

We first calculated the FLCAS score, giving the participants an initial classification as anxious or  
non-anxious. The participants who scored below 90 were non-anxious and those scoring 90 or above were 
classified as anxious (Guo, Xu, and Liu 2018). 

Language difficulty and system difficulty were coded from the participants' Likert scale responses. The 
emotion self-report was coded from the participants' continuous-valued slider response. To measure the 
aggregate exercise difficulty, we calculated the percentage of the correct answers across all participants. 
Then, we classified the aggregate exercise difficulty into three levels (easy, medium, and hard). 

While the participants answered the FLCAS, we measured their blood pressure to record their baseline 
level. To analyze blood pressure, we calculated the level of change between the baseline and the systolic and 
diastolic pressure reading for each participant on each exercise. The heart rate was calculated as the 
difference between the maximum and minimum heart rate per exercise to allow for different base heart rates, 
and to capture changes that might occur from the exercise itself. We figured that using the average, 
maximum, or minimum heart rate would not provide us with an accurate reading of the change in heart rate, 
while the difference would give us an indication of the variance in heart rate. The number of fixations, 
number of mouse clicks, and time on tasks were provided by the eye tracker device. The score for each 
exercise for each participant was calculated as the percentage of correct answers for that exercise. 

3. RESULTS 

3.1 What is the Relationship Between Classroom Anxiety and Interaction with 
the System? 

We did a Mann Whitney U-test comparing the anxious and non-anxious groups as determined by FLCAS 
with respect to the other measures and found that there was a significant difference between the groups with 
respect to the emotion self-report, language difficulty self-report, the systolic and diastolic blood pressure 
relative to baseline. The results of the Mann Whitney U-Test and the median values are shown in Table 1. 
There was no significant difference between the two groups in the difference of heart rate, score, number of 
fixation, system difficulty self-report, time on task, nor the number of mouse clicks. 

Table 1. Differences between anxious and non-anxious learners 

Variable 
Anxious 
Median 

Non-anxious 
Median 

Mann-Whitney 
U 

p-value 

Emotion self-report 14 2 57404.500 < 0.001 
Self-report language difficulty 2 1 67585.000 < 0.001 
Systolic relative to the baseline -5 -8 49766.500 < 0.001 
Diastolic relative to the baseline -2.667 -5.2 51734.000 < 0.001 
Difference in heart rate 10 10 74523.000 0.067 
Self-report system difficulty 1 1 76941.000 0.193 
Score 100 95 43037.500 0.554 
Time on task 62.61 61.17 78668.500 0.641 
Number of mouse click 9 9 78570.500 0.679 
Fixations 164 161 80458.500 0.977 

3.2 Are Physical Measurements Useful to Measure FLA? 

To understand the relationship between FLA as measured by emotion self-report and the physical 
measurements, we did a Pearson correlation between emotion self-report, number of fixations, difference in 
heart rate, and the systolic and diastolic blood pressure relative to baseline. We found a significant weak 
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positive correlation between the emotion self-report and the number of fixations p<0.001, r=0.171. Also, we 
found a significant weak positive correlation between the emotion self-report and difference in heart rate 
p<0.001, r=0.166. We found a significant weak positive correlation between the emotion self-report and the 
systolic blood pressure relative to baseline p<0.001, r=0.174. We found a significant weak positive 
correlation between the emotion self-report and the diastolic blood pressure relative to baseline p<0.001, 
r=0.149. 

3.3 What is the Relationship Between FLA and the Difficulty of the Exercise? 

We measured the exercise difficulty in two ways: learner's “self-report of language difficulty”, and 
“aggregate exercise difficulty” which we calculated based on the score of all the participants. To understand 
the correlation between the self-report difficulty of the language and anxiety level, we did a Spearman 
correlation. We found a significant moderate positive correlation between the emotion self-report and the 
language difficulty self-report p<0.001, r= 0.582.  

We also did a Spearman correlation between the aggregate exercise difficulty, and the anxiety level. We 
found a significant weak positive correlation between the aggregate exercise difficulty and the emotion  
self-report p=0.036, r=0.086. 

3.4 What Sensor-Free Measures are Effective for detecting FLA? 

To answer this question, we did a multiple regression analysis. The independent variables were language 
difficulty self-report, system difficulty self-report, score, aggregate exercise difficulty, time on task, and the 
number of mouse clicks. The dependent variable was the emotion self-report. We found that the model's 
predictions was not improving with the addition of more predictors. So, we compared all the possible models 
to find the best fit based on the R2, adjusted R2, and predicted R2. We determined that the best predictors were 
language difficulty self-report, system difficulty self-report and scores. The other variables did not add power 
to the prediction. The multiple correlation between emotion and the three predictors provided a good fit  
R = 0.554. The combination of the three predictors accounts for about 30% of the variation in emotion,  
R2 = 30.79%, R2(adj)=30.45%, and R2(pred)=29.10%. The regression equation, which indicated that the 
model was a significant predictor of emotion (F 3, 599) = 88.40, p < 0.001 is shown in Table 2. 

Table 2. Multiple regression coefficients 

Term Coefficient Standard Error Coefficient t-value p-value 
Constant 15.305 0.663 23.07 < 0.001 
Self-report language difficulty 9.659 0.781 12.37 < 0.001 
Self-report system difficulty 1.772 0.769 2.30 0.022 
Score -0.580 0.683 -0.85 0.396 

4. DISCUSSION 

4.1 Question 1: The Relationship Between Classroom Anxiety and Interaction 
with the System 

To initially categorize the participants as anxious or non-anxious in classroom settings, we used the FLCAS 
score as described above. We did a Mann-Whitney U-test to see if there was a difference between the two 
groups (anxious/non-anxious) with respect to their system interaction and other measurements. We found that 
there was a significant difference in the emotion self-report, language difficulty self-report, the systolic and 
diastolic blood pressure relative to baseline. Our hypothesis that students who suffer from FLA in a 
classroom situation would also be anxious while using the system was supported. 
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As we expected, there was a difference in emotion self-report between the anxious and non-anxious 
groups, with anxious learners reporting a higher anxiety level while interacting with the system. This agrees 
with (Maclntyre and Gardner 1994), who found that when someone is anxious in one situation he is likely to 
also be anxious in a similar context. Moreover, the median and average result for the emotion self-report was 
higher for the anxious group. This indicates that emotion self-report is a valid metric for language anxiety in 
the context of an e-learning system. 

Anxious learners' median self-report of language difficulty was, I ‘agree’ that ‘I felt I know how to 
answer the questions’. While the non-anxious learner median was I ‘extremely agree’ that they knew how to 
answer the questions. This means that anxious learners may have felt the questions were somewhat more 
difficult than the non-anxious learners did. Or it may indicate that the non-anxious learners were more 
confident about their answers. 

Similar to (Mucci et al. 2016; Zhang et al. 2011), the blood pressure was higher for anxious learners than 
non-anxious learners. Although both median and average reading for both groups were in the normal range 
according to (Whelton et al. 2018), there was a slight increase in the average blood pressure reading for 
anxious learners. This may indicate that non-anxious learners were more relaxed during the exercise. 

Similar to (Tanielian and English 2014) the relationship between the anxiety level and the score was 
inconclusive. This could indicate that anxiety is more related to confidence and self-efficacy than to actual 
competence with the language. 

According to (M. Wang 2014), FLA affects self-confidence and self-esteem. Accordingly, we assumed 
that there would be differences between anxious and non-anxious learners in the time spent on task and the 
number of mouse clicks.  But we did not find significant differences.  Perhaps the anxious learners did not 
spend significantly more time on the exercises because the difficulty of the exercises was not challenging 
enough.  The number of mouse clicks was the same for both groups which reflects clicking the target button 
only once when needed. 

4.2 Question 2: Identifying FLA Using Physical Instruments 

Our hypothesis of having physical measurements alone would not provide an accurate reading of FLA was 
supported. The physical measurements had low correlations with the emotion self-report. Our results agreed 
with (Kazdin 2000) that there is low correlation between emotion self-report and the physical measurements.  

Our findings agreed with (Runswick et al. 2017) which showed that anxious learners had more eye 
fixations than calm learners. The results showed us that the increase in the anxiety level would increase the 
difference between the highest and lowest heart rate per exercise. So, if the learners were calm before starting 
the exercise their heart rate would be relatively low. Then through the exercise, if the learners become more 
anxious their heart rate would increase (Gotardi et al. 2018; Kantor et al. 2001; Zhang et al. 2011). We used 
the blood pressure reading for each exercise relative to the learner’s baseline to standardize the 
measurements. We found a positive correlation between the blood pressure relative to the baseline and the 
emotion self-report. This finding agree with (Mucci et al. 2016) that showed a positive correlation between 
anxiety and blood pressure. Based on the blood pressure, anxious participants had a higher rate than  
non-anxious. 

Overall, the physical measurements alone would not suffice to identify FLA within the context of an  
e-learning system because of the very weak correlation with the emotion self-report. Measuring FLA using 
physical instrument is inconclusive, some type of self-report is needed to help identify FLA. 

4.3 Question 3: The Relationship Between FLA and the Difficulty of the 
Exercise 

We measured the difficulty of the exercise using the language self-report and the average score across 
participants. The language difficulty self-report represents the user's impression of the exercise while the 
aggregate exercise difficulty provides a more objective value.  

We found that both measurements for difficulty of the exercise language are positively correlated with the 
emotion self-report. This supports our hypothesis that language difficulty would affect FLA, and replicates 
the findings of (Robinson 2007) about the relationship between exercise difficulty and anxiety. Similarly, 
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(Chen and Chang 2009) showed that increased difficulty would increase anxiety, and (Lin, Chao, and Huang 
2015) found that providing an easy exercise could decrease anxiety. 

4.4 Question 4: Identifying FLA by the Interaction of the Learner with the 
System 

To identify FLA, we did a multiple regression analysis by adapting some of the features used by (Wixon et 
al. 2014) to identify emotion. The dependent variable was the emotion self-report. The independent variables 
were language difficulty self-report, system difficulty self-report, exercise score, time on task, number of 
mouse clicks, and aggregate exercise difficulty. We found, however, that this model was not ideal because 
the power of the prediction did not improve with the addition of more predictors. So we looked for the best 
model which used a subset of the predictors.  

The factors which appeared to be the most effective predictors for FLA were language difficulty  
self-report, system difficulty self-report, and exercise score. The other predictors were not dominant. Our 
explanation of this finding is that participants are aware of their emotions and reported their feelings 
accurately (Petrovica, Anohina-Naumeca, and Ekenel 2016).  They felt more anxious when they believed 
they didn't know how to answer the question and vice versa.  We confirmed that there is a relationship 
between the complexity of the task and anxiety (Robinson 2007). This relationship led to having language 
difficulty self-report as the most precise FLA predictor.  

The second predictor was the self-report of system difficulty. We assumed this predictor would affect 
language anxiety because the lack of technical knowledge or of how the e-learning system worked would 
make the learner confused, which in turn could advance to frustration and anxiety. The system difficulty 
would also reduce the sense of self-efficacy which in turn increases anxiety (Saadé and Kira 2009). These 
two predictors replicate the value of self-report as a sensor-free emotion detector as shown by (Wixon et al. 
2014). According to (Maclntyre and Gardner 1994), students' performance is affected by FLA. Thus, the 
third predictor was the learner's score on the exercise. Although the score was not shown to the student in the 
e-learning system, it predicts their anxiety level. Through this analysis, we could conclude that the calm 
learners would do better than the anxious learners. More relevant to our long-term goals, it shows that we 
could use learners' performance in the exercises to help determine their level of FLA. 

The other predictors were less important than expected. One of the predictors used by (Wixon et al. 2014) 
was time on task. We replicated that test, assuming that the time on task would affect language anxiety 
because we thought the longer the learner took to answer a question, the more anxious he would become. 
However, we found that time on task had little power in predicting FLA. 

We thought that using both measures of exercise language difficulty would add power to the language 
anxiety predictor. However, the aggregate exercise difficulty did not help predict language anxiety. 
According to (Robinson 2007), task complexity is determined by the cognitive processing needed for the 
exercise, which varies from person to person. So although the individual language difficulty self-report did 
improve the power of prediction of FLA, adding the aggregate exercise difficulty did not.  

We hypothesized that anxious learners would click the mouse more than the non-anxious learners. We 
thought that anxious learners would not be sure about their answer, so they would change their answer which 
affects the number of the mouse clicks. However, this assumption was wrong. There was no significant 
correlation between the anxiety level and the number of mouse click, and adding the number of mouse clicks 
did not affect the power of the prediction of the regression model. This means the number of the mouse clicks 
would not be a useful component of a sensor-free FLA detector. 

5. CONCLUSION 

FLA is a major obstacle for foreign language learners. This research showed that emotion self-report is a 
valid metric for detecting FLA in the context of an interactive system.  But we believe that constantly asking 
the learner how they are feeling is not the best way to help them get over their anxiety. So we have attempted 
to uncover other measures which will allow an interactive system to detect FLA. We found that the strongest 
predictors for FLA were the self-report of difficulty of the language in an exercise, self-report of system 
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difficulty, and the exercise score. Finally, we confirmed that physical measurements were not optimal for 
identifying FLA. 

One limitation of the current study is the small range of difficulties of the exercises. We were also unable 
to evaluate some of the exercises due to technical issues which reduced the total number of available scores 
and kept us from using the previous exercise score as predictor for FLA.  

We need to extend the e-learning system to include a wider range of challenging levels to verify that there 
are similar responses. Also, we need to determine the best way to intervene when we know the learner is 
feeling anxious. This research will allow us to build an adaptive tutoring system which includes a sensor-free 
intelligent FLA detector. We will use the language difficulty self-report, system difficulty self-report, and the 
score as predictors of the anxiety level. These will trigger the system's anxiety-reduction behaviors, which 
should help the learners improve the effectiveness of their efforts. 
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