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Adaptive Reading Comprehension 

Outlines 

• E-book 

– New design: Interactive e-book learning system 

– Current studies: 

• Formative analysis with reading rate 

• Gender differences in reading e-books 

• Learning diagnosis & reading pattern 

– Future studies: 

• Context aware with sensor technology 

• Sensor technology 

• Electronic-aware glove 
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The current research for reading e-books 

New design 

interactive e-book 

learning system 

http://web.ncku.edu.tw/bin/home.php
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The e-book learning system components 

Components Definitions &examples 

Contextualization  In order to scaffold and enhance students’ reading 

comprehension, the multimedia and interactive controls are 

developed based on the particular context with regard to the 

students’ needs. (ex. embedded multimedia, spoken text, 

hotspots, and user control interactivity.) 

Personalization  The students can make personal records during the learning 

process in order to meet their individual requirements, and 

these records are context dependent and integrated with the 

e-book. (ex. e-annotation & bookmarks, content searching, 

and learning process tracking.) 

Externalization  The students are able to give external form to what they are 

thinking and feeling while learning ubiquitously, in order to 

extend their social interactivity. (ex. notes sharing, home-

school links, portability, and ubiquity.) 



Adaptive Reading Comprehension (c) Interactivity: calligraphy 

(a) E-book shelf 

(d) Interactivity: sketch board 

電子書櫃及內容元件 

(b) Multimedia embedded 
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閱讀輔助工具一 

(a) Annotation & highlight (b) Bookmark (voice) 

(c) Search content (d) Reading process track 
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(a) Full-screen reading 

(c) Dynamic viewing modes (d) Index & resources       

閱讀輔助工具二 

(b) Annotation Share 
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The experiments in the evaluation procedure 

  

(a) Experiment 1: paired group students were evaluating 

the system. 

(b) Experiment 1: questionnaire survey. 

  

(c) Experiment 2: the reading (printed book) accuracy test, 

one student paired with a rater. 

(d) Experiment 2: the reading (e-book) accuracy test. 
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Dimensions 

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6 Total 
ANOVA 

(n=25) (n=27) (n=25) (n=30) (n=31) (n=28) (n=166) 

M SD M SD M SD M SD M SD M SD M SD F η2 

Usefulness 4.60 0.47 4.56 0.46 4.00 0.80 4.05 0.60 3.95 0.86 4.13 1.02 4.20 0.77 4.14** 0.11 

Ease of use 4.25 0.65 4.45 0.52 3.87 0.87 3.77 0.67 4.05 0.72 4.08 0.84 4.07 0.75 3.31** 0.09 

Ease of 

learning 
4.31 0.86 4.44 0.57 3.78 1.34 4.01 0.96 4.37 0.78 4.25 0.97 4.20 0.95 1.88 0.06 

Satisfaction 4.69 0.55 4.54 0.50 4.22 0.78 4.30 0.54 4.11 0.80 4.22 0.92 4.34 0.72 2.68* 0.08 

Functionality 4.50 0.65 4.60 0.49 4.12 0.84 4.22 0.68 4.14 0.55 4.25 0.89 4.30 0.71 2.26 0.07 

Experiment 1: perceptions in six grades 

Mean amount of student’s perspectives by five dimensions in six grades. 
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Experiment 1: perceptions in gender 

Mean amount of student’s perspectives by five dimensions in gender  

Dimensions 

Male Female 
ANOVA 

(n=85) (n=81) 

M SD M SD F η2 

Usefulness 4.18 0.79 4.23 0.75 0.16 
0.0

0 

Ease of use 3.98 0.77 4.17 0.71 2.58 
0.0

2 

Ease of learning 4.19 0.87 4.21 1.03 0.03 
0.0

0 

Satisfaction 4.20 0.75 4.48 0.66 6.56* 
0.0

4 

Functionality 4.20 0.72 4.41 0.68 3.83 
0.0

2 
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Experiment 2: reading accuracy 

Measure 

Printed book 

(n=12) 

E-book 

(n=12) 

M SD M SD df t 

Oral Reading (words) 2,471.83 433.62 2,335.08 294.00 22 .904 

Accuracy rate (%) 97.86 1.00 98.12 .86 22 -.687 

Oral reading and accuracy rate differences between students who read a 

printed book and an e-book 
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Average reading rate = 149.64 wpm 

Requested reading rate = 120 wpm 
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What’s new? 

Current study 1:  
Formative analysis with reading rate 

 

http://web.ncku.edu.tw/bin/home.php
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The list of reading statuses associated 
with reading behaviors 

Reading status Reading rate Reading behavior 

On-reading 0-1,000 wpm 

Slowing Excessively slow 

Inefficient reading  

Disfluent 

Labored 

Inexpressive 

Unenthusiastic rendering 

Memorizing Sustained attention 

In-depth reading 

Oral reading 

Concentrated reading 

Annotation (highlighting) 

Learning 

Rauding Keyword spotting 

Silent reading 

One-time reading 

Reading selectively 

Browsing and scanning 

Non-linear reading 

Skimming 

Scanning 

Off-reading ≧1,000 wpm 

Flipping Flip page 

Glance and glimpse 
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Reading Process Tracking Technique 

 

Formative analysis reports

(individual & group) 

Internet

Group log

Reading process

 log

Individual log

Central system

Reading rate (wpm)

Total words per page (words)

＝ ──────────────── 

Reading duration (minutes)

Interactive E-book Learning System 
(IELS)

Flipping page

①

①

①

①

①
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Research procedure 
 

Group B

(n=24)

Silent reading

Group A 

report 1

E-book I

15 minutes

Group A

(n=12)

Oral reading

E-book II

30 minutes

E-book III

45 minutes

Group B 

report 1

Group B

report 2

Group B 

report 3

Task 

difference

Time 

difference

Reading rate

distributions & 

transformations

  

(b) Group A: the oral reading experiment, one student 
paired with an observer. 

(c) Group B: the silent reading experiment. 
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Reading rate changes 
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What’s new? 

Current study 2:  
Gender differences in reading e-books 

 

http://web.ncku.edu.tw/bin/home.php
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Reading rate distributions between 
genders (1/3) 

Silent reading (15 minutes) 
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Reading rate distributions between 
genders (2/3) 

Silent reading (30 minutes) 

Male students 

Female students 
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Reading rate distributions between 
genders (3/3) 

Silent reading (45 minutes) 

Male students 

Female students 
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Future Studies 
Context aware with sensor 

technology 

 

http://web.ncku.edu.tw/bin/home.php
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Learning process research framework 

Cloud analysis Interactive 

moduleCloud service

Real-time

analysis

Context-aware techniques 

and functions
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Context-aware techniques 

Sound-tracking

Eye-tracking

Reading 

process 

track 

dataTouch-tracking

Direction-tracking

Options: GPS sensor, ambient-light sensor 
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Reading process- student modeling 

Cloud service

Explaining
Pattern 

evaluation

Data mining

Pre-processSelection

Knowledge 

represent
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Sensor technology 

http://web.ncku.edu.tw/bin/home.php
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學習狀態測量系統 

•影像元件  

–攝影機 

•感測元件 

–血氧脈搏感測器 

–壓力坐墊感測器 

•雲端元件 

–雲端伺服器 
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影像元件 

分析學生的學習能力 

雲端 

視訊即時分析學
生專注力 

攝影機 
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影像元件 

•功能 

–特徵偵測 

•臉、雙眼、瞳孔、鼻子 

 

–非專注力判斷條件 

•臉部偵測失敗(離開座位) 

•視線偏離螢幕(上下左右) 

•閉眼(單眼或雙眼) 
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感測元件 

收集血氧、脈搏資料 

雲端 

分析學生的疲勞程度與
精神集中度 

無線傳輸 

壓力感測器 

無線傳輸 

血氧脈搏 

感測器 
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感測元件：血氧脈搏感測器 

• 設備 

– Pulse-Oximater: HBE-Ubi-nanoLoc M100i0404 

 

• 紅外線偵測 

– 心跳反應學習情緒 

• 平靜、激昂 

– 血氧反應學習狀態 

• 是否疲勞 
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感測元件：血氧脈搏感測器 
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感測元件：壓力感測器 

• 設備 
– FlexiForce Sensor Model A201 

 

壓力感測器規格 

連結器 電路板 (RS232) 

元件大小 1cm*1cm 

測量範圍 1cm2 

測重區間 0~60kg 

坐墊示意圖 電壓式壓力感測器 類比數位連結器 
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感測元件：壓力感測器 

•坐姿偵測 

–壓力坐墊之變異量分析方法 

 

電腦端資料畫面 

電腦端 

壓力坐椅測試版 
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感測元件：壓力感測器 

•壓力坐椅 

–連結電腦進行壓力分析 

 

類比數位連結器 

電壓式壓力感測器 

壓力坐椅測試版 
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雲端元件 

 

智慧教室情境 雲端運算中心 

Network 
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雲端元件 

• 雲端架設 

– Hadoop架設 

 

 

40 

http://hadoop.apache.org/
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學習狀態 
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影片展示 

•展示 

FC_Video.mpg
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Electronic-aware glove 

http://web.ncku.edu.tw/bin/home.php
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Electronic-aware glove 

• Flex sensor 

• 3 axis accelerometer sensor 

• Infrared 

 

flex sensor 

3 axis accelerometer 

sensor 

infrared 
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Electronic-aware glove 

• human-computer  

 interaction 
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應用於電子電路設計課程 

•目的： 
基於前瞻性電子書環境發展整合虛擬與實
境的電子電路實驗環境 

–體感控制 

–虛擬教具 
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應用於電子電路設計課程 
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