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Abstract: The goal of this study is to clarify the relationship between learner’s pupillary changes 
and interests in a high speed educational video. 36 students participated the experiment and they were 
divided into the experimental group and the control group. The experimental group watched an 
educational video at 2.0x playback speed twice in a row (an iterated educational video) while we 
recorded their pupillary changes with an eye-tracker. They were asked to complete the questionnaire 
asking their mental states when viewing the video. The experimental results indicate that viewing an 
educational video at 2.0x twice in a row causes a decline of the student’s interests.  

 
 
Introduction 
 

As the popularity of MOOCs (Massive Open Online Courses) continues to grow in a glove, a big number of 
studies have examined the importance of educational videos. Guo, Kim, and Rubin (2014) studied educational videos 
on MOOC by analyzing a dataset containing approximately 7 million instances of learners watching educational video. 
As a result, they suggested that the number of course participants paying attention to a educational video begins to 
decrease significantly when the video duration were longer than 6 minutes and instructor’s speaking rate was fairly 
slow.  

Nagahama and Morita (2017a) studied the efficacy of using variable-speed playback functionality to watch 
educational videos at high speeds and indicated that video playback speed: original speed; 1.5× speed; 2.0× speed did 
not influence the learning outcomes.  In addition, Nagahama and Morita (2017b) examined the effects of playback 
speed for lecture videos whose layouts consisted of slides together with instructor images. As a result, they indicated 
the possibility that viewing videos at a faster rate of playback speed was more effective for learning than viewing at 
normal speed. These findings suggest that it may be possible for students to learn between 1.5x to 2x as much within 
a set periods of time as they have been able to do in the past. 
 

By the way, pupillary change is well known as responses to mental state. Murai, et al. (1998) found the 
relationship between pupillary changes and subjective interest response and indicated that pupil size became larger 
when students felt interested in visual resources. 
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However, few researches examining the relation between learning effects and pupillary change are available, 
except for the Miyanishi et al. (2017)’s research. Thus, the purpose of this trial study is to clarify the relationship 
between learner’s pupillary change and interest in an iterated high speed educational video.  

 
 

Methodology 
 
Experimental design 

 
36 undergraduate students participated in this experiment. Figure 1 shows an overview of the experiment. 

First, the participants took the pre-test to measure their prior knowledge of the subject. Second, they were divided into 
two groups: the experimental group and the control group. Third, each group was shown an educational video in a 
different condition: The experimental group was shown an educational video at 2.0× playback speed twice in a row 
(experimental condition) while the control group was shown an educational video at original playback speed (control 
condition). Then, both group took the post-test to assess the learning effects. Finally, they were asked to complete the 
questionnaire asking their mental state when viewing the video.  

 
While the participants were viewing the video, they were not permitted to fast forward, rewind, or pause the 

video. We recoded experimental four students’ pupillary changes while they were watching the video in the 
experimental condition. 

 
We used the educational video of Nagahama and Morita (2017) and its duration was 8 minutes 40 seconds. 

The content covered information science in Japanese high school. We used the same test as Nagahama and Morita 
(2017) as the pre-test and post-test. The test consisted of 20 problems and was graded by assigning 1 point for each 
correct answer. We made the questionnaire using the findings of Miki and Nittono (2014) and Nagahama and Morita 
(2017) as references. The questionnaire consisted of 7 visual analog scales (1-100: interesting, attention-getting, like, 
pleasant, arousing, boring, and concentrating).   

 
The pupil size while viewing videos was measured in a silent room using a Tobii Pro T60XL (Tobii 

Technology), which has a sampling rate of 60 Hz. Since pupil size data contains missing values by blinking, we built 
a complete data by using 1-demention linear interpolation based on the Goldinger et al. (2009)’s way. In order to focus 
a trend in the signal, the smoothing with a moving average filter of length 1000 was applied. Then, the signal was 
centered to have mean 0 and scaled to have standard deviation 1. 
 
Results & Discussion 

 
Table 1 shows the result of the mean score for the comprehension test. We conducted a two-way ANOVA 

using the viewing condition factor as the first factor (condition factor) and the pre- and post-lesson factor as the second 
 

 
 

Figure 1. Overview of the experiment 



factor (pre-and-post factor). For the overall problems, the ANOVA result indicated no significant interaction, F(1, 34) 
= 1.62, n.s. An analysis of main effects indicated no significant difference for the condition factor, F(1, 34) = 0.08, 
n.s, while a significant difference was observed for the pre-and-post factor, F(1, 34) = 305.31, p < .01. Those results 
indicated the possibility that the viewing condition of this experiment had no influence on the learning effects. 

 
Table 2 shows the result of the mean score for the questionnaire. We conducted a one-way ANOVA to clarify 

the difference in the score between first viewing and second viewing.  As a result, significant differences were 
observed in 4 scales: attention-getting, arousing, boring, and concentrating. This result indicated the possibility that 
an iterated video might decrease the student’s interest. 

 
Figure 2 shows processed pupil signal. Kolmogorov-smirnov test confirmed the data didn’t come from 

normal distribution, p<.01. We investigated the difference between first time watching the lecture videos and second 
time watching the lecture videos using the Wilcoxon signed-rank test. The test revealed a significant difference in the 
pupil size between first viewing and second viewing, p<.01. This means that pupil size became larger during first 
viewing than second viewing. Based on the result, we can say that that participants felt less interested in the content 
while viewing an iterated video based on the findings of the Murai et al. (1998),  
 
Conclusion 
 

The goal of this study is to clarify the relationship between learner’s pupillary change and interest in an 
iterated high speed educational video. 36 undergraduates participated the experiment and they were divided into the 

Table1. Result of the comprehension test 
 Control condition Experimental condition F-value 
 Pre Post Pre Post Condition Pre/Post Interaction 

Score 2.00 9.78 2.33 9.06 0.08 305.31 1.62 
(SD) 1.45 2.12 2.31 3.03 ns ** ns 

 

 

 
 

Figure 2. Pupillary change 

Table 2. Result of the questionnaire 
 First viewing (SD) Second viewing (SD) F-value 

Interesting 44.35 (18.74) 39.26 (18.83) 1.67 ns 
Attention-getting 50.09 (15.49) 44.72 (16.93) 3.43 + 

Like 40.23 (15.86) 42.45 (14.33) 0.77 ns 
Pleasant 46.48 (9.38) 43.33 (11.97)  1.48  ns 
Arousing 42.69 (19.00) 32.96 (20.33) 10.26 ** 
Boring 46.53 (16.47) 33.70 (17.19)   8.90 ** 

Concentrating 53.61 (19.44) 46.44 (21.90)  3.56 + 
 



experimental group and the control group. The experimental group watched an educational video at 2.0x playback 
speed twice in a row while we recorded their pupillary change with an eye-tracker. They were asked to complete the 
questionnaire asking their mental state when viewing the video. The experimental results indicated that watching an 
iterated educational video at 2.0x could cause a decline of the learner’s interests in a content. However, the results are 
therefore limited to this experimental conditions, and they need to be replicated with other conditions. 
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