
科技部補助專題研究計畫成果報告 

期末報告 

 

基於合作式數位閱讀標註知識典藏與分享之雲端高互動閱
讀學習社群平台建置與研究(第 3年) 

 

 
 
 
計 畫 類 別 ：個別型計畫 

計 畫 編 號 ： NSC 100-2628-S-004-001-MY3 

執 行 期 間 ： 102年 08 月 01 日至 103年 07 月 31 日 

執 行 單 位 ：國立政治大學圖書資訊與檔案學研究所 

  

計 畫主持人：陳志銘 

  

計畫參與人員：碩士級-專任助理人員：范維媛 

碩士班研究生-兼任助理人員：陳冠雯 

碩士班研究生-兼任助理人員：黃泓彬 

碩士班研究生-兼任助理人員：王逸翔 

碩士班研究生-兼任助理人員：呂婷芸 

碩士班研究生-兼任助理人員：林宓 

 

  

  

報 告 附 件 ：出席國際會議研究心得報告及發表論文 

 

處 理 方 式 ：  

1.公開資訊：本計畫可公開查詢 

2.「本研究」是否已有嚴重損及公共利益之發現：否 

3.「本報告」是否建議提供政府單位施政參考：否 

 
 
 

中 華 民 國   103年 09 月 17 日 
 



 

中 文 摘 要 ： 隨著數位資訊取得的普及，兒童使用數位文本進行閱讀的時

間亦逐漸增加，如何在數位時代培養孩童建立良好的數位閱

讀能力，以及促進兒童的數位閱讀理解力也日趨重要。過去

許多研究指出透過螢幕進行的數位閱讀行為將導致淺層閱

讀、降低持續注意力及閱讀理解。為提高數位閱讀的成效，

本計畫提出一具閱讀標註鷹架與互動討論鷹架輔助之合作式

閱讀標註系統 (collaborative reading annotation system 

with reading annotation and interactive discussion 

scaffolding, 簡稱 CRAS-RAIDS)，希望促進兒童透過有效的

合作數位閱讀提升其閱讀理解成效。本計畫基於準實驗研究

法，以臺灣桃園縣一所國小兩個五年級班級的 53 名學生為研

究對象，隨機分配其中一班為實驗組，透過 CRAS-RAIDS 系統

進行合作閱讀及互動討論之閱讀學習活動；而另一班則分派

為控制組，透過傳統紙本閱讀標註及現場面對面討論進行合

作閱讀活動。本計畫探討兩組在閱讀態度、閱讀理解及閱讀

策略表現上的差異。結果顯示實驗組學習者在直接理解、推

論理解及閱讀策略使用上均顯著優於控制組學習者。此外，

研究結果也顯示採用 CRAS-RAIDS 系統進行輔助閱讀的實驗組

學習者，在閱讀態度中的行為、情感和整體維度上均具有顯

著提升，而控制組則否；但是兩組學習者在閱讀態度表現上

並不具有顯著差異。此外，透過 CRAS-RAIDS 支援進行合作閱

讀活動的實驗組學習者，高度肯定此一系統對於支援數位閱

讀的成效。 

中文關鍵詞： 合作式閱讀標註系統、數位閱讀、閱讀標註鷹架、互動討論

鷹架、閱讀理解 

英 文 摘 要 ： With the growing amount of digital information 

available and the increasing amount of time children 

spend on reading electronic media, cultivating 

children with good digital reading abilities and 

promoting digital reading comprehension are becoming 

more and more important in the digital age. However, 

a number of studies argued that the arrival of 

screen-based digital reading leads to shallow 

reading, short sustained attention, and low reading 

comprehension. To enhance digital reading 

performance, this work presents a collaborative 

reading annotation system with reading annotation and 

interactive discussion scaffolding (CRAS-RAIDS) to 

facilitate reading performance in collaborative 

digital reading environments. Based on quasi-



experimental design, this work recruits 53 Grade 5 

students in two classes at an elementary school in 

Taoyuan County, Taiwan. One of the two classes is 

randomly assigned as the experimental group that 

performs collaborative reading with the proposed 

CRAS-RAIDS support and the remaining class is 

randomly assigned to the control group that performs 

collaborative reading with traditional paper-based 

reading annotation and face-to-face discussion. This 

work examines the differences between both groups 

with different treatments for collaborative reading 

in reading attitude, reading comprehension, and 

reading strategy use in an active reading context, in 

which participants perform autonomous learning. 

Analytical results show that the experimental group 

presents significant superiority on direct and 

explicit comprehension performance, inferential 

comprehension performance, and reading strategy use 

as compared to the control group. Moreover, 

analytical results show that the promotion of reading 

attitude in experimental group was significant in 

terms of the behavioral, affective sub-dimensions, 

and the total dimension, but not in the control 

group. However, both groups do not appear 

statistically significant difference in reading 

attitude. Additionally, the experimental group 

performing collaborative reading with the proposed 

CRAS-RAIDS support has revealed positive interests 

and high affirmation on learning satisfaction. 

英文關鍵詞： Collaborative reading annotation system, digital 

reading, reading annotation scaffolding, interactive 

discussion scaffolding, reading comprehension 
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中文摘要 
隨著數位資訊取得的普及，兒童使用數位文本進行閱讀的時間亦逐漸增加，如何在數位

時代培養孩童建立良好的數位閱讀能力，以及促進兒童的數位閱讀理解力也日趨重要。過去

許多研究指出透過螢幕進行的數位閱讀行為將導致淺層閱讀、降低持續注意力及閱讀理解。

為提高數位閱讀的成效，本計畫提出一具閱讀標註鷹架與互動討論鷹架輔助之合作式閱讀標

註系統 (collaborative reading annotation system with reading annotation and interactive discussion 
scaffolding, 簡稱CRAS-RAIDS)，希望促進兒童透過有效的合作數位閱讀提升其閱讀理解成效。

本計畫基於準實驗研究法，以臺灣桃園縣一所國小兩個五年級班級的53名學生為研究對象，

隨機分配其中一班為實驗組，透過CRAS-RAIDS系統進行合作閱讀及互動討論之閱讀學習活

動；而另一班則分派為控制組，透過傳統紙本閱讀標註及現場面對面討論進行合作閱讀活動。

本計畫探討兩組在閱讀態度、閱讀理解及閱讀策略表現上的差異。結果顯示實驗組學習者在

直接理解、推論理解及閱讀策略使用上均顯著優於控制組學習者。此外，研究結果也顯示採

用CRAS-RAIDS系統進行輔助閱讀的實驗組學習者，在閱讀態度中的行為、情感和整體維度

上均具有顯著提升，而控制組則否；但是兩組學習者在閱讀態度表現上並不具有顯著差異。

此外，透過CRAS-RAIDS支援進行合作閱讀活動的實驗組學習者，高度肯定此一系統對於支援

數位閱讀的成效。 

關鍵字: 合作式閱讀標註系統、數位閱讀、閱讀標註鷹架、互動討論鷹架、閱讀理解 

Abstract 
With the growing amount of digital information available and the increasing amount of time 

children spend on reading electronic media, cultivating children with good digital reading abilities 
and promoting digital reading comprehension are becoming more and more important in the digital 
age. However, a number of studies argued that the arrival of screen-based digital reading leads to 
shallow reading, short sustained attention, and low reading comprehension. To enhance digital 
reading performance, this work presents a collaborative reading annotation system with reading 
annotation and interactive discussion scaffolding (CRAS-RAIDS) to facilitate reading performance 
in collaborative digital reading environments. Based on quasi-experimental design, this work 
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recruits 53 Grade 5 students in two classes at an elementary school in Taoyuan County, Taiwan. One 
of the two classes is randomly assigned as the experimental group that performs collaborative 
reading with the proposed CRAS-RAIDS support and the remaining class is randomly assigned to 
the control group that performs collaborative reading with traditional paper-based reading 
annotation and face-to-face discussion. This work examines the differences between both groups 
with different treatments for collaborative reading in reading attitude, reading comprehension, and 
reading strategy use in an active reading context, in which participants perform autonomous 
learning. Analytical results show that the experimental group presents significant superiority on 
direct and explicit comprehension performance, inferential comprehension performance, and 
reading strategy use as compared to the control group. Moreover, analytical results show that the 
promotion of reading attitude in experimental group was significant in terms of the behavioral, 
affective sub-dimensions, and the total dimension, but not in the control group. However, both 
groups do not appear statistically significant difference in reading attitude. Additionally, the 
experimental group performing collaborative reading with the proposed CRAS-RAIDS support has 
revealed positive interests and high affirmation on learning satisfaction. 

Keywords: Collaborative reading annotation system, digital reading, reading annotation scaffolding, 
interactive discussion scaffolding, reading comprehension 

1. Introduction 
With the rapid development of digital publication, Amazon now sells more copies of e-books 

than paper books (Bounie, Eang, Sirbu, & Waelbroeck, 2012) as well as electronic resources at 
libraries are increasingly popular in recent years (Liu, 2012). A recent survey by Gartner Inc. (2013) 
shows that the time people spend reading on a screen is now almost equal to the time spent reading 
from print. With the growing amount of digital information available and the increasing amount of 
time people spend on reading electronic media, the digital environment has brought about 
significant changes in reading practice and behavior as people spend more time reading online (Liu, 
2012). Eden and Eshet-Akkalai (2013) indicated that today’s young readers are proficient in digital 
reading as they read from print, because digital reading has become an everyday practice among 
them. Digital reading provides a number of powerful advantages that are traditionally absent in the 
print environment, such as interactivity, nonlinearity, immediacy of accessing information, and the 
convergence of text, images, audio, and video. However, Carr (2010) argued that the arrival of 
screen-based digital reading together with the fragmentary nature of hypertext is threatening 
sustained reading and leads to shallow reading. Liu (2005) also indicated the screen-based digital 
reading behavior is characterized by more time spent on browsing and scanning, keyword spotting, 
one-time reading, non-linear reading, and reading more selectively, but less time is spent on 
in-depth reading, and concentrated reading. Wolf (2009) also emphasized the importance of 
encouraging explicit instruction of deeper comprehension processes and studying the formation of 
the deep-reading processes in online reading. Early research found that comprehension levels were 
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lower on screen-based reading, however in more recent years the comprehension gap between 
reading on a screen versus on paper has been decreasing (Cull, 2011). Particularly, Eden and 
Eshet-Akkalai’s study (2013) confirmed that no significant differences were found between the 
performances of 93 university students in print and digital reading under active reading conditions 
on the topic of environmental awareness. Their study supported the notion that digital reading has 
become an everyday practice among users, who have gained digital reading proficiency in the 
digital age. Undoubtedly, the contents with digital format are becoming widespread which raises the 
importance of studying the impact of reading screen-based digital contents. 

Due to the characteristics of digital reading in terms of non-linear reading, texts with 
hyperlinking, and shallow reading, the process of reading on screen tends to be cognitively different 
from the process of reading on printed paper, in terms of brain activation, the contextual 
environment, cognitive focus, comprehension, and reading speed (Cull, 2011; Coiro & Dobler, 
2007). Digital texts that incorporate hyperlinks and hypermedia introduce some complications in 
defining comprehension because they require skills and abilities beyond those required for the 
comprehension of conventional, linear print (RAND Reading Study Group, 2002). However, many 
studies argued that the younger generation growing up in the digital environment lacks the ability to 
read deeply and to sustain a prolonged engagement in online reading (Birkerts, 1994; Carr, 2010; 
Liu, 2005; Wolf, 2009). Fuchs et al. (2001) indicated that students with poor reading skills have 
lower self-esteem, pose greater discipline problems and are less likely to complete school than more 
skillful readers. Therefore, developing reading assisted tools or strategies to promote the online 
reading skills and performance is urgently needed in digital reading environments. 

Annotating digital texts collaboratively can effectively accumulate and share the knowledge of 
readers who participate in reading learning processes. Annotations typically facilitate reviewing a 
text that has already been read. Most importantly, annotated content can help new readers 
understand articles and help readers obtain a deeper and broader understanding than when reading 
digital content without annotations (Porter-O’Donnell, 2004). Many studies (Ovsiannikov, Arbib, & 
McNeill, 1999; Petri, Miikka, Jaakko, Patrik, & Henry, 2005; Rau, Chen, & Chin, 2004) have 
demonstrated that collaborative reading annotation tools can promote reading performance and 
provide benefits in terms of collaborative reading. However, current collaborative reading 
annotation systems developed for promoting reading comprehension have not yet received attention 
on providing reading annotation and interactive discussion scaffolding that can direct readers to 
annotate digital texts and perform discussion to annotated digital texts effectively. Bull et al. (1999) 
indicated that scaffolding is an interactive process in which a teacher or facilitator assists such a 
learner to build a “structure” to contain and frame the new information as well as scaffolding can be 
provided by teachers, peers, or computers, and may include the use of tutoring, performance 
systems, and reciprocal teaching. Providing scaffolding has been an effective strategy in assisting 
students doing higher-order cognitive activities, particularly for reading (Clark & Graves, 2005; 
Chen, Teng, Lee, & Kinshuk, 2011). Additionally, various forms of collaborative reading have 
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often been included in discussion-based teaching methods (Kiili, Laurinen, Marttunen, & Leu, 
2012). Particularly, educators are increasingly using online asynchronous discussion tools for 
learning and instruction because these tools include fewer time and space restrictions compared to 
traditional face-to-face discussion (Chen & Chiu, 2008). Also, online asynchronous discussion 
allow more opportunities for learners to prepare, reflect, think, and search for extra information 
before participating in the discussion (Chen & Chiu, 2008). Particularly, Wolf’s study (2008) 
indicated that recent research on annotation interfaces provides provocative evidence that anchored, 
annotation-based discussion environments may lead to better conversations about a text. Thus, 
performing online asynchronous discussion to debate and reflect digital texts with annotations can 
further help readers to deeply understand reading texts. 

To enhance collaborative reading annotation applications in digital reading environments, this 
work thus presents a collaborative reading annotation system with reading annotation and 
interactive discussion scaffolding (CRAS-RAIDS) to promote reading performance of learners via 
improving learners’ reading annotation strategy use and interactive discussion in collaborative 
digital reading environments. This study focused on directing students to annotate digital texts 
effectively and directing students to perform structured discussions based on annotated digital texts 
because open-ended discussions are often ineffective and confusing to students (Michaels & Bruce, 
1991). In short, the research questions of this study include to examine whether the differences 
between the collaborative reading with the proposed CRAS-RAIDS support and collaborative 
reading with traditional paper-based reading annotation and face-to-face discussion in reading 
attitude, reading comprehension, and reading strategy use exist in active reading context, and 
whether the elementary school students performing collaborative reading with the proposed 
CRAS-RAIDS support revealed positive interests and high affirmation on web-based learning 
willingness and learning satisfaction. 

2. Literature Review 
2.1 Digital reading supported by web-based reading annotation system 

Reading is not a single activity because it involves different purposes and requires different 
skills in handling reading materials. Reading is actually a complex and variable behavior (Liu, 
2005). In recent years, the advent of digital media and the growing collection of digital documents 
have had a profound impact on reading (Liu, 2005). Particularly, the development of information 
and computer technology (ICT) has offered various alternatives to support reading activities and to 
anticipate change of reading behavior. Traditionally, annotating printed books by pencil or pen is 
the most common method of recording book-related knowledge, but has disadvantages when 
compared with knowledge storage in computers, knowledge dissemination, and knowledge sharing 
via the Internet. Using a digital annotation tool to annotate digital texts can overcome these 
shortcomings. Thus, in recent years, many computer-assisted collaborative reading annotation 
systems have been developed to assist learners in learning by reading digital texts and the positive 
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effects of computer-assisted collaborative reading annotation on promoting reading performance 
have been confirmed (Su, Yang, Hwang, & Zhang, 2010; Mendenhall & Johnson, 2011; Chen, 
Chen, Hong, Liao, & Huang, 2012). 

Among the proposed computer-assisted collaborative reading annotation systems, Su et al. 
(2010) proposed a personalized annotation management system (PAMS), which can manage, share, 
and reuse individual and collaborative annotations as well as provide a shared mechanism for 
discussion about shared annotations among multiple users, for collaborative learning groups. 
Analytical results show that the use of PAMS can increase learning achievements in collaborative 
learning environments and the influence of annotation on learning achievements becomes stronger 
with the use of the sharing mechanism. Moreover, Steimle, Brdiczka, and Muhlhauser (2009) 
developed the CoScribe system for collaborative reading annotation of lecture slides on digital 
paper, using a digital pen to make collaborative handwritten annotations on printed lecture slides. 
Their study demonstrated that combining paper with a digital pen is helpful in supporting reading 
annotation and collaboration. Chen, Wang and Chen (2013) proposed a self-regulated learning (SRL) 
mechanism combined with a digital reading annotation system (DRAS) to enhance Grade 7 students 
to generate collaboratively rich and high-quality annotations for promoting English-language 
reading performance. Compared with the group learners who used the proposed DRAS without the 
support of SLR mechanisms for performing English-language reading, their study demonstrated that 
the reading comprehension and reading annotation abilities of the group learners who used the 
proposed DRAS with the support of SLR mechanisms were significantly improved. Additionally, 
Mendenhall and Johnson (2011) applied an online annotation system HyLighter that can facilitate 
shared annotations to foster the development of critical thinking skills and reading comprehension 
of university undergraduates. Their study also indicated that HyLighter may help students in 
enhancing reading comprehension, critical thinking and meta-cognition skills. Also, Chen et al. 
(2012) developed a web-based collaborative reading annotation system to enable knowledge 
sharing and discussion among learners to improve reading performance in a digital library 
environment. Their study found that annotated digital material provides useful knowledge to readers. 
Additionally, the effect on digital libraries is that digital library content grows dynamically as 
readers contribute knowledge. 

However, to the best of our knowledge and literature review, no studies focused on developing 
collaborative reading annotation systems with reading annotation and interactive discussion 
scaffolding that can direct readers to annotate digital texts effectively and can help readers perform 
effective discussion to annotated digital texts. Thus, developing reading annotation and interactive 
discussion scaffolding in collaborative reading annotation systems to facilitate high-level reading 
comprehension and reading strategy use is considered in this study. 

2.2 Collaborative reading, reading scaffolding, and 
computer-mediated discussion for promoting reading performance 
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Kiili, Laurinen, Marttunen and Leu (2012) claimed that analogous with collaborative learning, 
collaborative reading is a socially contextualized form of reading, it takes place with at least one 
other person, and it includes a process in which meaning and knowledge are jointly constructed 
through text-based discussion. Their study explored collaborative reading as an activity with the 
potential for the co-construction of both meaning and knowledge. Huang (2012) also indicated that 
collaborative reading makes students be aware that reading is not a matter of oneself but a matter of 
each group member. Through working together and communicating with each other, new ideas can 
be tried out, one’s reading skills can be improved, and tension and anxiety can be reduced. Unlike 
individual reading, people engaged in collaborative reading can capitalize on one another’s 
resources and share reading outcomes to each other. Two of the most widely used collaborative 
learning methods in the area of traditional reading instruction are Cooperative Integrated Reading 
and Composition and Reciprocal Teaching (Fuchs et al., 2001). However, traditional collaborative 
reading instructions are bounded by time and space and have limitations in interaction, 
communication, coordination, negotiation, sharing, and interactivity within a learning group. In recent 
years, many computer-supported collaborative learning (CSCL) systems that can explore the social 
nature of learning focusing exclusively on enhancing mediated collaboration among multiple 
learners, learners and computer systems were developed to facilitate reading instruction, 
particularly in developing collaborative reading annotation systems to promote reading performance 
in digital reading environments (Su, Yang, Hwang, & Zhang, 2010; Chen, Chen, Hong, Liao, & 
Huang, 2012; Yang, Zhang, Su, & Tsai, 2011). In general, reading annotations may help learners in 
four significant aspects: attention, organization, indexing, and discussion (Yang, Zhang, Su, & Tsai, 
2011). Moreover, collaborative strategic reading (CSR) is also frequently used for collaborative 
reading. CSR emphasizes that students can apply specific strategies, which include brainstorming 
and predicting (preview), monitoring understanding (click and clunk), finding the main idea (get the 
gist), and generating questions and reviewing key ideas (wrap up), to enhance their reading 
comprehension based on small cooperative groups in which each student plays a critical role 
associated with the effective functioning of the group and the implementation of strategies 
(Klingner et al., 2004). 

Moreover, Yelland and Masters (2007) identified that there are three different types of 
scaffolding which we refer to as cognitive, technical and affective can be conceptualized to enhance 
learning performance. Cognitive scaffolding denotes those activities which pertain to the 
development of conceptual and procedural understandings which involve either techniques or 
devices to assist the learner. Technical scaffolding related to the fact that learners were working 
with computers. Affective scaffolding denotes the mechanisms that can help learners keep on task 
and encourage them to higher levels of thinking and operating when engaged with a variety of 
learning activities. Among previous studies associated with reading practices with reading 
scaffolding support, Chen, Teng, Lee and Kinshuk (2011) adopted QR codes in association with 
mobile technology to deliver supplementary materials and scaffolded questions to support students’ 
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paper-based reading. Their results suggested that direct access to supplementary materials using QR 
codes does not significantly influence students’ reading comprehension; however, the reading 
strategy of scaffolded questioning significantly improves students’ understanding about the text. 
Moreover, Li, Chen and Yang (2013) proposed the visual cue map, which presents pages and 
within-page spatial cues in an interactive toolbar, and reflects the physical structure of the e-book 
and the relative relationship between cues and pages, to improve e-book reading and navigation. 
Their results showed that participants who used the system with the visual cue map spent 
significantly less time to complete 10 navigational tasks and gained a higher reviewing score. 
Moreover, Jin (2013) developed visual structure design guidelines of presenting screenshots for 
enhancing text structure comprehension and selective attention design guidelines of presenting key 
phrases for maintaining the learners’ attention on the essential contents based on the psychological 
and instructional, technological foundations that can affect the visual design of digital text. The 
results of the study show both the visual structure and selective-attention design guidelines had a 
positive influence on text structure understanding, essential contents comprehension and usability of 
digital text. Actually, no matter in e-book or digital text with the visual cue map or visual structure 
design guideline can be regarded as a kind of reading scaffoldings for supporting reading practices. 

Moreover, various forms of collaborative reading have often been included in discussion-based 
teaching methods because discussions associated with interpretations, higher-order questions, and 
explorations and argumentation are particularly beneficial for promoting reading performance (Kiili, 
Laurinen, Marttunen, & Leu, 2012). Generally, discussion can be performed by face-to-face 
conversations (Chiu, 2008) or computer-mediated discussions (discussion board, online forums, 
chat rooms, etc.) (Chen & Chiu, 2008). Despite the importance often assigned to participation in 
face-to-face classroom discussions, many studies found that most students never, rarely, or only 
occasionally asked or responded to a question in the classroom (Crombie, Pyke, Silverthorn, Jones, 
& Piccinin, 2003; Caspi, Chajut, Saporta, & Beyth-Marom, 2006). Compared with face-to-face 
classroom discussion, Guiller, Durndell and Ross (2008) indicated that the potential advantages of 
computer-mediated discussion is that it gives rise to an increase in the use of formal, research-based 
evidence and the quality of critical thinking because its asynchronous nature, allowing more time 
for reflection before responding as well as the process of expressing ideas into words may be 
beneficial for students in terms of clarification of argument and writing skills. Also, 
computer-mediated discussion has fewer time and space restrictions and allows more opportunities 
for learners to prepare, reflect, think, and search for extra information before participating in the 
discussion (Chen & Chiu, 2008). More importantly, disagreements occur more often during 
computer-mediated discussions than face-to-face discussions because computer-mediated 
discussions tend to be less personalized and concerned about other’s feelings, thus more likely to 
express their disagreements (Chen, 2004), whereas new ideas are often met with disagreement 
(Chiu & Khoo, 2003). In contrast, agreement messages that support the previous message need not 
add much content, thereby providing less added information for others to reference. Based on the 
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positive effects of collaborative reading, reading scaffolding, and interactive discussion in reading 
practices, this work thus proposed CRAS-RAIDS to support digital reading and explored its 
potential in promoting reading attitude, reading strategy use, and reading comprehension. 

2.3 Effects of reading attitude, reading strategy use on reading 
comprehension 

With advances in information and communication technology (ICT), paper books are giving 
way to digital media as more print documents now appear in an electronic format. This growth is 
regarded to bring about significant changes in the reading practices. RAND Reading Study Group 
(2002) defined reading as “the process of simultaneously extracting and constructing meaning 
through interaction and involvement with written language”. National Institute of Child Health and 
Human Development (2000) defined comprehension as the process which happens “when readers 
actively relate the ideas represented in print to their own knowledge and experiences and construct 
mental representations in memory.” Reading for understanding is a non-trivial task, particularly 
when the reader is unfamiliar with the material being read. Compared to a printed text, many studies 
indicated that reading a digital text leads to lower comprehension (Morineau, Blanche, Tobin, & 
Guéguen, 2005; Carr, 2010; Liu, 2005). Carr’s study (2010) found that comprehension declined as 
the number of links increased when readers were asked to read an electronic text containing 
hyperlinks (Carr, 2010). However, based on a study of 66 college students in the US, Moyer (2011) 
found that no statistically significant differences exist in comprehension across print, ebook, and 
audio book modalities. Similarly, Eden and Eshet-Akkalai’s study (2013) also confirmed that no 
significant differences were found between the performances of 93 university students in print and 
digital reading under active reading conditions on the topic of environmental awareness. Obviously, 
the comprehension gap between reading on a screen versus on paper is gradually decreasing 
because digital reading has become an everyday practice among users, who have gained digital 
reading proficiency in the digital age. 

Moreover, many studies indicated that reading attitude and reading strategy use are two 
relatively important factors affecting reading comprehension performance (Petscher, 2010; Brown, 
Campione, & Day, 1981; Coiro & Dobler, 2007; Kidwai, 2009). Petscher (2010) indicated that 
reading attitudes have long been regarded as an important psychological construct as they play an 
important role in moderating one’s level of motivation and intention to read, as well as mediating 
the relationship between an individual’s beliefs and reading activities. Alexander and Cobb (1992) 
emphasized that good reading attitudes are a prerequisite for reading and the relationship between 
reading attitude and reading comprehension is strong. Most teachers widely believed that the 
students’ reading attitude towards reading significantly impacts students’ reading achievement 
(Russ, 1989). Particularly, Petscher’s study (2010) reported that the mean strength of the 
relationship between reading attitudes and achievement is moderate (Zr=0.32) based on the 
meta-analysis for a total of 32 studies associated with reading attitudes and achievement. Since 
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positive attitudes towards reading tend to gain higher reading achievements, exploring whether 
digital reading with the proposed CRAS-RSSIDM support affect reading attitude is considered in 
this study. 

Moreover, Brown, Campione, and Day (1981) suggested that inadequate background 
knowledge and improper reading strategies are two general types of difficulties that hinder effective 
reading. To help readers comprehend the text efficiently, relevant background knowledge essential 
to understand the text and reading strategies for facilitating the reading process should be made 
available in real time for students. Generally, expert readers use a range of strategic processes such 
as previewing the text, setting goals, making predictions, monitoring understanding, asking 
questions, and interpreting text when comprehending printed text (Coiro & Dobler, 2007). Kidwai 
(2009) proposed five reading strategies that contain text-macrostructure or chunking strategy, 
summarization strategy, imagery strategy, reading self-assessment or comfort-meter strategy, and 
note-taking strategy to support effective reading in a Web-based learning environment. Among the 
five reading strategies, summarization strategy emphasizes that readers can write a summary for 
each section that they create, whereas note-taking strategy emphasizes that readers can take notes 
on an element-by-element basis—these notes are attached to the elements that make up the 
instructional unit. Also, skilled readers frequently employ a range of integrative processes to aid 
their comprehension of text. Pugh (1978) proposed that scanning, search reading, skimming, 
receptive reading, and responsive reading are five reading techniques that students frequently use 
when they read texts as well as each technique requires a different level of intellectual engagement 
with the content. Students often engage in responsive reading, as when they annotate parts of a text. 
Moreover, proficient readers are better able to apply sophisticated reading strategies and analyze 
textual organization, and they possess more metacognitive skills than less proficient readers (Yau, 
2005). Since reading strategy use is a relatively important factor affecting reading comprehension 
performance, this study thus examines whether performing the collaborative reading with the 
proposed CRAS-RAIDS support provides benefits in terms of promoting reading strategy use. 

3. Research Methodology 
3.1 Research variables 

This work aims to examine the differences between collaborative reading with the proposed 
CRAS-RAIDS support and collaborative reading with traditional paper-based reading annotation 
and face-to-face discussion in reading attitude, reading comprehension, and reading strategy use in 
an active reading context. Therefore, the independent variable is collaborative reading with 
CRAS-RAIDS support or collaborative reading with traditional paper-based reading annotation and 
face-to-face discussion for two selected PRILS (Progress in International Reading Literacy Study) 
reading articles. Dependent variables include reading attitude, reading comprehension, and reading 
strategy use of the two different treatments during collaborative reading processes. Reading attitude 
is assess based on three components—cognition, affection, and behavior of people; the pretest and 
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posttest scores of PRILS reading comprehension test reveal the performance of reading 
comprehension; reading strategy use is assessed based on Retrieving and Straightforward 
Inferencing and Interpreting, Integrating, and Evaluating in PRILS; and control variables are the 
two different treatments using the same PRILS reading articles and the same experimental period. 

3.2 Experimental design 
This study applies the quasi-experiment nonequivalent control group design, as randomly 

selecting participants as a research target is a difficult task in actual teaching scenarios. The 
participants of the study were randomly recruited from Grade 5 students in two classes at an 
elementary school in Taoyuan County, Taiwan. According to the nonequivalent control group 
design in quasi-experimental research, participants were randomly assigned to the experimental 
group and control group. The experimental group was randomly assigned from one of the two 
classes. The remaining class was assigned to the control group. The experimental group students 
performed their collaborative reading with the proposed CRAS-RAIDS support for two selected 
PRILS reading articles, while the control group students performed collaborative reading with 
traditional paper-based reading annotation and face-to-face discussion for two selected PRILS 
reading articles. The learners in the experimental group can set their reading annotations as either 
individual annotations for only displaying their reading annotations on individual’s annotation 
webpage or public annotations for sharing their reading annotations with other peers, but they were 
encouraged to share their reading annotations with other peers. Moreover, the learners in the 
experimental group can select any length of digital texts to write reading annotations as well as 
these reading annotations can be determined an appropriate type of reading annotation tag based on 
seven different types of reading annotation scaffolding provided in the collaborative reading 
annotation system while performing digital reading activity. Additionally, the learners in the 
experimental group can also browse other peers’ reading annotations and respond other peers’ 
reading annotations based on seven types of interactive discussion scaffolding provided in the 
collaborative reading annotation system. However, the learners in the control group were asked to 
write and share their reading annotations on the printed paper, and perform face-to-face discussion 
to respond other peers’ reading annotations. In the control group, the subjects and the number of 
participants for face-to-face discussion have not been limited, but the control group learners were 
asked to record their discussion contents, including participator name and the corresponding 
discussion contents, in detail. 

3.3 Experimental procedures 
First, a reading comprehension pretest of the first selected PRILS reading article and a reading 

attitude scale were applied to assess the prior knowledge and original reading attitude of the two 
groups before performing collaborative reading activity. Additionally, before performing the reading 
activities, both group students respectively received a 1-hour training session in how to perform 
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traditional paper-based reading annotation and face-to-face discussion and how to operate the 
proposed CRAS-RAIDS for the designed reading activities. Learners in both groups then started to 
perform collaborative reading activity for the first selected PRILS reading article. The performing 
collaborative reading activities include to autonomously write reading annotations based on the 
points of view of individuals and to participate in interactive discussion according to reading 
annotations. The difference between the control group and experimental group is that the control 
group adopted traditional paper-based reading annotation and face-to-face discussion to perform 
collaborative reading, whereas the experimental group applied the proposed CRAS-RAIDS to 
support collaborative reading and discussion. After performing 3 times of collaborative reading 
activities within a week for the first selected PRILS article, both group students were given the 
reading comprehension posttest of the first selected PRILS article. After that, learners in both 
groups started to perform collaborative reading activity for the second selected PRILS article. 
However, to consider that performing the pretest of the selected second article might lead to that the 
experimental participants found out the answer sets of the pretest sheet from textbooks or the 
Internet, thus affecting the assessment of reading comprehension performance. This work has thus 
not performed the pretest of the selected second article in this stage. Similarly, after performing 3 
times of collaborative reading activities within a week for the second selected PRILS article, both 
group students were given the reading comprehension posttest of the second selected PRILS article 
and the posttest of reading attitude. The collaborative reading activity at each time lasted 30 minutes. 
All learners in both groups had not been directed by teacher during the collaborative reading 
activity. That is, all learners in both groups performed autonomous learning in an active learning 
context. After finishing all the designed collaborative reading activities, this study assessed whether 
reading attitude, reading comprehension, and reading strategy use in the experimental group was 
superior to that of the control group. 

3.4 Research participants 
 In total, 53 Grade 5 students in two classes at an elementary school in Taoyuan County, Taiwan 
were randomly selected as experimental participants, and their ages are between ten to eleven years 
old. One class was randomly selected as the experimental group, while the remaining one class was 
the control group. The experimental group has 28 students, 13 males and 15 females. The control 
group has 25 students, 14 males and 11 females. 

3.5 Research instruments 
3.5.1 The developed collaborative reading annotation system with reading 
annotation and interactive discussion scaffolding (CRAS-RAIDS) 

This work develops a collaborative reading annotation system with reading annotation and 
interactive discussion scaffolding that has a user-friendly interface for readers to annotate digital 
texts and discuss digital texts with annotated contents. The main functionalities of the system for 
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creating reading annotations and facilitating interactive discussion for the annotated texts are 
detailed as follows. 

A. Reading annotation scaffolding for the annotated digital texts 

The proposed collaborative reading annotation system provides functionalities to create, modify, 
and delete reading annotations for digital texts. Figure 1 shows the user interface of creating the 
annotation contents for the annotated texts in the collaborative reading annotation system. Users can 
set their reading annotations as either individual annotations or public annotations. If an annotation 
is a public annotation, it shared with other readers. Conversely, if an annotation is an individual 
annotation, its content will only be displayed on individual’s annotation webpage. Moreover, to help 
user create reading annotations with appropriate semantic tag for promoting reading comprehension, 
the proposed collaborative reading annotation system provides seven different types of reading 
annotation scaffolding, including reasoning, discrimination, linking, summary, quizzing, 
explanation, and other (Figure 1) to support users to determine appropriately reading annotation 
types. The meaning of each type of reading annotation scaffolding for the annotated digital texts is 
detailed as follows: 
(1) Reasoning type: Allowing readers to integrate and interpret the emphasis of the annotated digital 

texts. 
(2) Discrimination type: Allowing readers to propose distinct viewpoints based on evaluating and 

examining the conveying meaning of the annotated reading texts. 
(3) Linking type: Allowing readers to connect their prior knowledge, life experiences, or reading 

articles associated with the annotated digital texts. 
(4) Summary type: Allowing readers to give a short summary description that can represent the 

meaning of the annotated digital texts based on extracting key information or concepts in the 
annotated digital texts. 

(5) Quizzing type: Allowing readers to propose their doubts and thoughts for the annotated digital 
texts. 

(6) Explanation type: Allowing readers to provide supplementary explanations or instances for the 
annotated reading texts. 

(7) Other type: Allowing readers to determine freely the type of the annotated digital texts when the 
annotated digital texts cannot be determined as the predefined type of reading annotation 
scaffolding. 
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Figure 1. The user interface of creating annotation contents for the annotated texts in the 
collaborative reading annotation system 

B. Interactive discussion scaffolding for the annotated digital texts 

Figure 2 shows the user interface of the interactive discussion scaffolding for responding the 
texts with annotation contents in the collaborative reading annotation system. The functionalities of 
the interactive discussion scaffolding provide readers with a space to discuss the contents of reading 
annotations with other readers. Through the interactive discussion, readers can respond, clarify, and 
debate the reading annotations contributed by other readers. To help reader create structured and 
meaning interactive discussion for promoting reading comprehension, the proposed collaborative 
reading annotation system provides six different types of interactive discussion scaffolding, 
including reasoning, discrimination, quizzing, clarification, debugging, and other, to support users 
to determine appropriately discussion types of reading annotations. The meaning of each type of 
interactive discussion scaffolding for responding, clarifying, and debating the digital texts with 
reading annotations contributed by other readers is detailed as follows: 
(1) Reasoning type: Allowing readers to respond the digital texts annotated with the reasoning type 

of reading annotation. 
(2) Discrimination type: Allowing readers to respond the digital texts annotated with the 

discrimination type of reading annotation. 
(3) Quizzing type: Allowing readers to respond the digital texts annotated with the quizzing type of 

reading annotation. 
(4) Clarification type: Allowing readers to clarify opinions or thoughts for the annotated digital 

texts. 
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(5) Debugging type: Allowing readers to revise incorrect concepts, opinions or thoughts for the 
annotated digital texts. 

(6) Other type: Allowing readers to determine freely the type of interactive discussion when their 
responding opinions or thoughts cannot be determined as the predefined types of interactive 
discussion scaffolding. 

 
Figure 2. The user interface of the interactive discussion scaffolding for responding the texts with 
annotation contents in the collaborative reading annotation system 

D. Favorite annotation 

In the proposed cooperative reading annotation system, the function of favorite annotation 
allows readers to mark their favorite annotations by clicking the love icon. The favorite annotations 
are very helpful in reviewing the interested reading annotations of individual readers. 

3.5.2 Traditional paper-based reading annotations 

Traditionally, annotating printed books by pencil or pen is the most common method of 
recording book-related knowledge. Generally, hand-written annotations, which may include 
highlights or underlining, comments, footnotes, tags, and links, are made in the margins of books or 
manuscripts. Among hand-written reading annotations, readers frequently highlight or underline 
words as attentional landmarks, write short comments within the margins or between lines of texts 
as interpretation cues, or use longer notes in blank spaces or near figures to elaborate with 
complementary information. Figure 3 shows an illustration of traditional hand-written paper-based 
reading annotations of the control group. 
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Figure 3. An illustration of traditional hand-written paper-based reading annotations of the control 
group students 

3.5.3 The reading comprehension assessment 

This study adopted the corresponding PIRLS test sheets and scoring guidance for the two 
selected PIRLS articles to assess the reading comprehension. The two selected PIRLS articles in 
this study are “An unbelievable night” and “Puffings”, respectively. To assess reading 
comprehension, PIRLS measures a range of reading comprehension on two parts: retrieving and 
straightforward inferencing; and interpreting, integrating, and evaluating. The retrieving and 
straightforward inferencing was termed as direct and explicit comprehension as well as the 
interpreting, integrating, and evaluating was termed as inferential comprehension in this study. Each 
of the two parts includes about half of the assessment items. The direct and explicit comprehension 
assessment includes items assessing the retrieval process and those assessing straightforward 
inferencing. In contrast, the inferential assessment combines the interpreting and integrating process 
items with the examining and evaluating process items. 

3.5.4 The reading attitude assessment 

A reading attitude scale with 13 items was designed as a Chinese version for elementary school 
students based on related reading attitude scale, which is consisted of three dimensions—cognition, 
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affection, and behavior of people (Anderson, 1988). The cognitive dimension is the beliefs or 
thoughts of the person towards different situations and events. The affective dimension is the 
feeling about the situation or events. And behavioral dimension is associated with the behavioral 
intension under particular context. Responses were on a four-point Likert-type scale, ranging from 1 
for “disagree to 4 for “strongly agree.” Scale reliability was examined by the 97 other students. The 
Cronbach’s alpha values of the three subscales respectively are 0.805, 0.692, and 0.820, and the 
Cronbach’s alpha value of the total scale is 0.845, implying that the scale has a high reliability and 
sensitivity to reading attitude. 

3.5.5 The learning satisfaction assessment 

Additionally, a learner satisfaction questionnaire composed of four dimensions that include 
learning activity, interactive behavior, learning environment, and learning system was designed to 
assess the learning satisfaction degree of the experimental learner groups. Responses were on a 
six-point Likert-type scale, ranging from 1 for “strongly disagree” to 6 for “strongly agree.” 

4. Experimental Results 
4.1 Analysis of different types of discussion posting for both groups 

To analyze whether or not the discussion behaviors between both groups have significant 
difference, this work invited two elementary school teachers who have over ten-year reading 
instruction experiences to identify the type of each discussion posting based on the defined 
interactive discussion scaffolding. Intercoder reliability that identified the type of each discussion 
posting based on Cohen’s kappa is as high as 0.95. Table 1 shows the percentage of the considered 
different types of discussion posting for both groups. This work found that the number of discussion 
posting in the experimental group for the second reading article is almost two times higher than the 
number of discussion posting in the first reading article, but the number of discussion posting in the 
control group for the second reading articles is almost equivalent to the first reading article. 
Obviously, the experimental group has gradually become strong willingness to participant in 
discussion posting over time, but not in the control group. Interestingly, the discussion posting of 
the control group mainly focused on the types of quizzing, clarification, and other. That is, the 
processes of face-to-face discussion are bounded in the cycle of proposing quizzing and clarifying 
the quizzing and are easy to digress from the subject. In contrast, in addition to having the types of 
quizzing and clarification, the discussion posting of the experimental group also focused on the 
types of discrimination and reasoning as well as the type of other is significantly lower than the 
control group did. Based on content analysis (Stemler, 2001), discrimination and reasoning are 
regarded as high-level cognitive ability in reading. In other words, using the proposed 
CRAS-RAIDS to support collaborative reading activities can facilitate high-level thinking and 
interactive discussion as well as avoids students falling into irrelevant discussion subjects. 
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Moreover, this work also assessed whether the number of discussion posting between both 
groups has significant difference based on independent-sample t-test results. Table 2 shows the 
analytical results. The results show that the number of discussion posting of the experimental group 
is significantly higher than that of the control group, regardless of the first or second selected 
PIRLS articles (t=2.077, p<.05; t=4.124, p<.05). Clearly, the experimental group who performed 
collaborative reading with the proposed CRAS-RAIDS support has higher willingness and more 
active to participate in interactive discussion than the control group who performed collaborative 
reading with traditional paper-based reading annotation and face-to-face discussion. 

Table 1. The percentage of the considered different types of discussion posting for both groups 
The Type of 

Discussion Posting 

The first selected PIRLS article The second selected PIRLS article 

The Control Group The Experimental 
Group The Control Group The Experimental 

Group 
Reasoning 11.8 29.3 3.5 15.2 

Discrimination 0.7 18.1 0.7 11.1 
Debugging 0 0.5 0.7 0.9 

Clarification 26.5 11.2 32.2 33.3 
Quizzing 31.5 30.8 34.1 30.2 

Other 29.4 10.2 28.8 9.3 
Total Number of 

Discussion Posting 140 321 166 582 

Table 2. The independent-sample t-test results of the number of discussion posting for both groups 
The 

Selected 
PIRLS 
Article 

Leaning 
Group 

Number 
of 

Students 

Number of 
Discussion 

Posting 
Mean Std. t Sig. (two 

tailed) 

The first 
article 

The Control 
Group 25 140 5.60 4.983 

2.077* .045 The 
Experimental 

Group 
28 321 11.46 13.975 

The 
second 
article 

The Control 
Group 25 166 6.64 3.695 

4.124*** .000 The 
Experimental 

Group 
28 582 20.79 17.725 

* indicates p<.05; *** indicates p<.001 

4.2 Analysis of reading comprehension performance for both groups 
To assess the reading comprehension performance of both groups, paired-sample and 

independent-sample t-tests were applied. Pretest scores of both groups in the first selected PIRLS 
article represent student prior knowledge. Posttest scores of both groups in the first and second 
selected PIRLS articles represent the reading comprehension performance of students after reading 
activities. The reading comprehension performance of both groups in terms of the direct and 
explicit comprehension and inferential comprehension were assessed and compared based on 
PIRLS measure, respectively. 
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4.2.1 Analysis of the performance of direct and explicit comprehension for both 
groups 

First, the paired-sample t-test was employed to confirm whether the performance of direct and 
explicit comprehension in both groups is significant based on the pretest and posttest scores of the 
first selected PIRLS article. Table 3 shows the results. Analytical results show that the performance 
of direct and explicit comprehension in the experimental group has statistically significant 
difference (t=-2.250, p<.05), while the control group has not statistically significant difference 
(t=-1.886, p>.05). In other words, the experimental group students who used CRAS-RAIDS to 
perform collaborative reading activity generated good performance in direct and explicit 
comprehension, but the control group students who used traditional paper-based reading annotation 
and face-to-face discussion to perform collaborative reading activity has not generated good 
performance in direct and explicit comprehension. Additionally, this work also examined whether 
the performance of direct and explicit comprehension in the experimental group is superior to that 
of the control group based on independent-sample t-test results. Table 4 shows the results. First, this 
work assesses whether prior knowledge (i.e., pretest score) of both groups differed significantly 
based on the pretest of the first selected PIRLS article. Comparison results show that prior 
knowledge of both groups in the first selected PIRLS article did not differ significantly. Moreover, 
this work assessed whether the difference in the posttest scores for both groups was significant 
based on independent-sample t-test results. Analytical results reveal that the posttest scores of the 
first selected PIRLS article for both groups did not differ significantly; that is, analytical results 
confirm that both learning modes generate equivalent performance in direct and explicit 
comprehension in the first selected PIRLS article. However, this work found that the posttest scores 
of the second selected PIRLS article for both groups differ significantly; that is, analytical results 
confirm that the performance of direct and explicit comprehension in the experimental group is 
superior to that of the control group in the second selected PIRLS article. 

Table 3. The paired-sample t-test results of the performance of direct and explicit comprehension 
for both groups 

Leaning 
Group Item Number of 

Students Mean Std. t Sig. (two 
tailed) 

The Control 
Group 

The pretest of the first 
selected PIRLS article 25 76.12 17.812 

-1.886 .071 The posttest of the first 
selected PIRLS article 25 82.80 15.028 

The 
Experimental 

Group 

The pretest of the first 
selected PIRLS article 28 77.18 14.420 

-2.250* .033 The posttest of the first 
selected PIRLS article 28 83.50 12.524 

* indicates p<.05 
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Table 4. The independent-sample t-test results of the performance of direct and explicit 
comprehension for both groups 

Item Leaning Group Number of 
Students Mean Std. t Sig. (two 

tailed) 

The pretest of the 
first selected PIRLS 

article 

The Control 
Group 25 76.12 17.812 

0.239 .812 The Experimental 
Group 28 77.18 14.420 

The posttest of the 
first selected 
PIRLS article 

The Control 
Group 25 82.80 15.028 

0.185 .854 The Experimental 
Group 28 83.50 12.524 

The posttest of the 
second selected 
PIRLS article 

The Control 
Group 25 58.76 16.754 

2.601* .012 The Experimental 
Group 28 70.75 16.750 

* indicates p<.05 

4.2.2 Analysis of the performance of inferential comprehension for both groups 

Similarly, the paired-sample t-test was employed to confirm whether the performance of 
inferential comprehension in both groups is significant based on the pretest and posttest scores of 
the first selected PIRLS article. Table 5 shows the results. Analytical results show that the 
performance of inferential comprehension in both groups was significant (t=-4.175, p<.05; t=-5.157, 
p<.05). In other words, the experimental and control group students who respectively used 
CRAS-RAIDS and traditional paper-based reading annotation and face-to-face discussion to 
perform collaborative reading activity all generated good performance in terms of inferential 
comprehension. Additionally, this work also examined whether the performance of inferential 
comprehension in the experimental group is superior to that of the control group based on 
independent-sample t-test results. Table 6 shows the results. First, this work assessed whether prior 
knowledge (i.e., pretest score) of both groups differed significantly based on assessing the pretest of 
the first selected PIRLS article. Comparison results show that prior knowledge of both groups in the 
first selected PIRLS article did not differ significantly (t=0.358, p>.05). Next, this work assessed 
whether the difference in the posttest scores for both groups was significant based on 
independent-sample t-test results. Analytical results reveal that the posttest scores of the first 
selected PIRLS article for both groups did not differ significantly (t=1.843, p>.05); that is, 
analytical results confirm that both groups generate equivalent performance in inferential 
comprehension in the first selected PIRLS article. However, this work found that the posttest scores 
of the second selected PIRLS article for both groups differ significantly; that is, analytical results 
confirm that the performance of inferential comprehension in the experimental group is superior to 
that of the control group in the second selected PIRLS article. 
 
 
 
 
 



20 
 

Table 5. The paired-sample t-test results of the performance of inferential comprehension for both 
groups 

Leaning Group Item Number of 
Students Mean Std. t Sig. (two 

tailed) 

The Control 
Group 

The pretest of the 
first selected PIRLS 

article 
25 

61.72 22.094 

-4.175*** .000 The posttest of the 
first selected PIRLS 

article 
25 

77.12 21.524 

The 
Experimental 

Group 

The pretest of the 
second selected 
PIRLS article 

28 
64.79 19.232 

-5.157*** .000 The posttest of the 
second selected 
PIRLS article 

28 
86.68 16.097 

*** indicates p<.001 

Table 6. The independent-sample t-test results of the performance of inferential comprehension for 
both groups 

Item Leaning Group Number of 
Students Mean Std. t Sig. (two 

tailed) 

The pretest of the 
first selected PIRLS 

article 

The Control 
Group 25 61.72 22.094 

0.358 .721 The Experimental 
Group 28 64.79 19.232 

The posttest of the 
first selected 
PIRLS article 

The Control 
Group 25 77.12 21.524 

1.843 .071 The Experimental 
Group 28 86.68 16.097 

The posttest of the 
second selected 
PIRLS article 

The Control 
Group 25 70.36 27.983 

3.343** .002 The Experimental 
Group 28 90.89 16.551 

* * indicates p<.01 

4.3 Analysis of reading strategy use for both groups 
Next, the independent-sample t-test was employed to confirm whether the reading strategy use 

between both groups has significant difference based on the score of reading strategy use assessed 
by an elementary school teacher who has over ten-year reading instruction experiences. Table 7 
shows the results. Analytical results show that the reading strategy use of both groups has 
significant difference as well as the experimental group is superior to that of the control group, 
regardless of the first or second selected PIRSE article (t=3.003, p<.05; t=4.545, p<.05). 
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Table 7. The independent-sample t-test results of reading strategy use for both groups 
The Selected 

PIRLS Article Leaning Group Number of 
Students Mean Std. t Sig. (two 

tailed) 

The first article 

The Control 
Group 25 9.20 7.714 

3.003** .005 The Experimental 
Group 28 24.86 26.356 

The second article 

The Control 
Group 25 10.52 6.539 

4.545*** .000 The Experimental 
Group 28 45.39 40.002 

** indicates p<.01; *** indicates p<.001 

4.4 Analysis of reading attitude for both groups 
In addition to assessing the performance in terms of reading strategy use and reading 

comprehension for both groups, this work also analyzed the difference between both groups in 
reading attitude. The reading attitude scale was used to measure reading attitude after both students 
groups experienced different learning treatments. First, the paired-sample t-test was employed to 
confirm whether the promotion of reading attitude in both groups is significant based on the pretest 
and posttest scores of reading attitude. Table 8 shows the results. Analytical results show that the 
promotion of reading attitude in experimental group was significant in terms of the behavioral, 
affective dimensions, and the total scale (t=-3.47, p<.05; t=-3.57, p<.05; t=-2.96, p<.05), while the 
promotion of reading attitude in the control group was not significant in terms of three considered 
attitude dimensions and the total scale. Moreover, this work also analyzed whether the reading 
attitude of both groups differed significantly based on independent-samples t-test results. Table 9 
shows the analytical results. The results confirmed that reading attitude between both groups has no 
significant difference in the three evaluation dimensions and total scale, regardless of reading 
attitude before learning or after learning. Restated, the original reading attitude and final reading 
attitude of both groups was equivalent. 

Table 8. The paired-sample t-test results of the reading attitude for both groups 

Leaning Group Item Number of 
Students Mean Std. t Sig. (two 

tailed) 

The Control 
Group 

The pretest of 
cognitive dimension 25 3.21 0.636 

-1.095 .284 The posttest of 
cognitive dimension  25 3.31 0.543 

The pretest of 
behavioral dimension 25 3.1100 0.56862 

-1.095 .284 The posttest of 
behavioral dimension  25 3.1000 0.62082 

The pretest of 
affective dimension 25 3.5867 0.53817 

.092 .927 The posttest of 
affective dimension  25 3.76 0.297 

The pretest of total 
scale 25 3.2677 0.45946 -1.256 .221 
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The posttest of total 
scale  25 3.3508 0.40950 

The 
Experimental 

Group 

The pretest of 
cognitive dimension 28 3.33 0.521 

-.08 .937 The posttest of 
cognitive dimension  28 3.34 0.566 

The pretest of 
behavioral dimension 28 3.1518 0.50616 

-3.47** 
 

.002 The posttest of 
behavioral dimension  28 3.3482 0.51523 

The pretest of 
affective dimension 28 3.5595 0.40626 

-3.57** 
 

.001 The posttest of 
affective dimension  28 3.82 0.212 

The pretest of total 
scale 28 3.3297 0.38425 

-2.96** .006 The posttest of total 
scale  28 3.4533 0.39130 

** indicates p<.01 

Table 9. The independent-sample t- test results of reading attitude for both groups 

Item Leaning Group Number of 
Students Mean Std. t Sig. (two 

tailed) 

The pretest of 
cognitive 
dimension 

The Control 
Group 25 3.21 0.636 

0.755 .454 The Experimental 
Group 28 3.33 0.521 

The posttest of 
cognitive 
dimension 

The Control 
Group 25 3.31 0.543 

0.170 .866 The Experimental 
Group 28 3.34 0.566 

The pretest of 
behavioral 
dimension 

The Control 
Group 25 3.1100 0.56862 

0.283 .778 The Experimental 
Group 28 3.1518 0.50616 

The posttest of 
behavioral 
dimension 

The Control 
Group 25 3.1000 0.62082 

1.590 .118 The Experimental 
Group 28 3.3482 0.51523 

The pretest of 
affective 

dimension 

The Control 
Group 25 3.5867 0.53817 

-0.209 .836 The Experimental 
Group 28 3.5595 0.40626 

The posttest of 
affective 

dimension 

The Control 
Group 25 3.76 0.297 

0.857 .396 The Experimental 
Group 28 3.82 0.212 

The pretest of 
total scale 

The Control 
Group 25 3.2677 0.45946 

0.535 .595 The Experimental 
Group 28 3.3297 0.38425 

The posttest of 
total scale 

The Control 
Group 25 3.3508 0.40950 

0.932 .356 The Experimental 
Group 28 3.4533 0.39130 

** indicates p<.01; *** indicates p<.001 

4.4 Analysis of learning satisfaction degree for the experimental group 
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Next, this work assesses the learning satisfaction degree of the experimental group students 
based on the satisfaction questionnaire with six-point Likert-type scale, ranging from 1 for “strongly 
disagree” to 6 for “strongly agree.” Table 10 shows the analytical results. The results shows that the 
average learning satisfaction degree in terms of the four evaluation dimensions including the  
learning activity, interactive behavior, learning environment, and learning system are 5.21, 5.28, 
5.23, and 5.43, respectively. Restated, most of the experimental group students agreed or strongly 
agreed that using the proposed CRAS-RAIDS to support online collaborative reading activities has 
positive effects on the four considered evaluation dimensions. Particularly, the average satisfaction 
degree of the question “I agreed with that reading the annotations contributed by other readers is 
very helpful to my learning” is as high as 5.43 and the standard deviation is 0.63; the average 
satisfaction degree of the question “I agreed with that the CRAS-RAIDS can facilitate interactive 
discussion with other readers for the reading article” is as high as 5.5 and the standard deviation is 
0.64; the average satisfaction degree of the question “I will read the reading annotations that other 
readers shared on the collaborative digital reading annotation system” is as high as 5.64 and the 
standard deviation is 0.55; the average satisfaction degree of the question “I agreed with that the 
functionalities in the CRAS-RAIDS for responding discussion issues is very easy to use” is as high 
as 5.71 and the standard deviation is 0.53; the average satisfaction degree of the question “I agreed 
with that browsing other readers’ reading annotations in the CRAS-RAIDS is very easy” is as high 
as 5.61 and the standard deviation is 0.79. The high learning satisfaction degree and low standard 
deviation show that most of the experimental group students satisfied using the proposed 
CRAS-RAIDS to support online collaborative reading activities as well as their opinions are 
relatively consistent. More importantly, the average satisfaction degree of the question “I will keep 
on using the CRAS-RAIDS to perform reading activity in the future” is up to 5.5. The results are 
very encouraging and demonstrate that the proposed CRAS-RAIDS is a well-designed reading 
assisted tool and indeed offers significant benefits in terms of promoting digital reading 
performance. 

Table 10. The assessment results of learner satisfaction in the experimental group students 
Learning Activity Mean Std. 

01. I agreed with that the difficulty level of the selected reading articles on the CRAS-RAIDS is 
moderate 4.93 1.33 

02. I agreed with that reading the annotations contributed by other readers is very helpful to my 
learning 5.43 0.63 

03. I agreed with that the CRAS-RAIDS can facilitate interactive discussion with other readers 
for the reading article 5.5 0.64 

04. I agreed with that performing the designed reading activity on the CRAS-RAIDS is very 
challenged 4.93 1.01 

05. I agreed with that performing autonomously the designed reading activity on the 
CRAS-RAIDS is very appropriate 5.11 0.83 

06. I agreed with that performing the designed reading activity on the CRAS-RAIDS is very 
interesting 5.04 1.07 

07. I agreed with that using the CRAS-RAIDS to perform reading activity can promote reading 
comprehension performance 5.21 0.83 

08. I agreed with that using the CRAS-RAIDS to perform reading activity can promote the ability 5.36 0.73 
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of reading strategy use 
09. I agreed with that the CRAS-RAIDS can increase the opportunity that practices reading 

strategy use 5.32 0.72 

10. Overall, I agreed with that the CRAS-RAIDS can help me promote reading performance 5.29 0.76 

Entire satisfaction degree on learning activity 5.21 
 

Interactive Behavior Mean Std. 

11. I have willingness to share my reading annotations with other readers through the 
CRAS-RAIDS 5.32 0.82 

12. I will read the reading annotations that other readers shared on the CRAS-RAIDS 5.64 0.55 

13. I will try to respond the discussion issues that other readers proposed on the CRAS-RAIDS 5.18 0.86 
14. I will pay attention on responding the discussion issues when I found other readers proposed 

discussion issues 5 1.22 

15. I will pay attention to keeping on concerning the development status of the discussion issues 
when I found other readers was performing the discussion activity 5.32 0.94 

16. I will join the interactive discussion when I read the reading annotations with other readers’ 
responses 5.21 0.88 

Entire satisfaction degree on interactive behavior 5.28 
 

Learning Environment Mean Std. 

17. I was satisfied with using the CRAS-RAIDS as a learning tool to perform reading activity 5.25 0.75 

18. I felt that I have no pressure during performing reading activity by the CRAS-RAIDS 5.04 1.07 
19. I was satisfied with taking time to perform the reading activity on the CRAS-RAIDS is 

valuable 5.04 0.96 

20. I was satisfied with that the CRAS-RAIDS can increase opportunity to express individual 
thoughts for the reading article 5.32 0.72 

21. I was satisfied with that the CRAS-RAIDS can facilitate the reading knowledge sharing 5.29 0.85 

22. I was satisfied with browsing other peers’ reading annotations via the CRAS-RAIDS 5.38 0.78 
23. Overall, I was satisfied with that the CRAS-RAIDS is a good assisted learning tool while 

performing reading activity 5.29 0.81 

Entire satisfaction degree on learning environment 5.23 
 

Learning System Mean Std. 

28. I agreed with that the user interface in the CRAS-RAIDS is very friendly 5.54 0.79 

29. I agreed with that the login interface in the CRAS-RAIDS is very easy to use 5.25 1.14 
30. I agreed with that the interactive discussion interface in the CRAS-RAIDS for responding 

reading annotations is very friendly 5.29 1.15 

31. I agreed with that the functionalities in the CRAS-RAIDS for responding discussion issues is 
very easy to use 5.71 0.53 

32. I agreed with that browsing other peers’ reading annotations in the CRAS-RAIDS is very 
easy 5.61 0.79 

33. I agreed with that using the designed functionalities in the CRAS-RAIDS for reading 
annotated digital texts is very convenient 5.43 0.69 

34. I agreed with that reading annotated digital texts on the CRAS-RAIDS is very convenient 5.14 1.15 

35. I will keep on using the CRAS-RAIDS to perform reading activity in the future 5.50 0.79 

Entire satisfaction degree on learning system 5.43 
 

Entire satisfaction degree on the questionnaire 5.25 0.57 

5. Discussion 
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Early research found that reading comprehension levels were lower on screen reading (Carr, 
2010; Liu, 2005); however, studies in recent years indicated that the reading comprehension gap 
between reading on a screen versus on paper has been gradually decreasing because digital reading 
has become an everyday practice among users, who have gained digital reading proficiency in the 
digital age (Eden & Eshet-Akkalai, 2013; Cull, 2011). Eden and Eshet-Akkalai’s study (2013) 
confirmed that no significant differences were found between the performances of 93 university 
students in print and digital reading under active reading conditions on the topic of environmental 
awareness. Moreover, many studies argued that the younger generation who grew up in the digital 
environment lacks the ability to read deeply and to sustain a prolonged engagement in online 
reading (Birkerts, 1994; Carr, 2010; Liu, 2005; Wolf, 2009). However, this work confirmed that the 
experimental group students applying the proposed CRAS-RAIDS to perform online collaborative 
reading present significant superiority on the performance of direct comprehension and inferential 
comprehension than the control group students applying traditional paper-based reading annotation 
and face-to-face discussion to perform collaborative digital reading. The results are very 
encouraging. Inferential comprehension refers to the ability to read between the lines while making 
connections not explicitly stated in the text (Beck, 1989). It is considered as a central component of 
skilled reading (Garnham & Oakhill, 1996). In other words, in addition to promoting the direct 
comprehension performance in shallow reading, the experimental group students received in-depth 
reading on screen. Clearly, the designed reading annotation and interactive discussion scaffolding 
play simultaneously key roles in promoting performance of direct comprehension and inferential 
comprehension. The designed reading annotation scaffolding helps students determine appropriately 
reading annotation strategies, whereas the designed interactive discussion scaffolding facilitates 
high-level thinking and interactive discussion as well as avoids students falling into irrelevant 
discussion subjects. The results are consistent with Chen, Teng, Lee and Kinshuk study (2011) to 
confirm that the reading strategy of scaffolded questioning significantly improves students’ 
understanding about the text while applying QR codes in association with mobile technology to 
deliver supplementary materials and scaffolded questions for supporting students’ paper-based 
reading. 

Moreover, this work found that the interactive discussion of the control group mainly focused 
on the types of quizzing and clarification belonging to shallow discussion and the percentage of 
other type is close to 30 percent. The phenomenon reveals that face-to-face discussion is easy to 
digress from the subject. In contrast, in addition to having the types of quizzing and clarification, 
the interactive discussion of the experimental group also focused on the types of discrimination and 
reasoning belonging to in-depth discussion and near 10 percentage of interactive discussion is 
identified as the type of other. Clearly, the designed asynchronous interactive discussion scaffolding 
indeed provides benefits in terms of promoting the quality of discussion, directing correctly 
discussion directions, allowing more time for reflection before responding discussion topics, and 
expressing reading outcomes into words that can facilitate students to share information with other 
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readers and help clarification of argument. The results are consistent with several previous studies 
to confirm that computer-mediated discussion has fewer time and space restrictions and allows 
more opportunities for learners to prepare, reflect, think, and search for extra information before 
participating in the discussion (Chen & Chiu, 2008; Guiller, Durndell, & Ross, 2008). Moreover, 
Yang, Zhang, Su and Tsai (2011) argued that reading annotations may help learners in terms of 
attention, organization, indexing, and discussion (Yang, Zhang, Su, & Tsai, 2011). This work also 
found that reading annotations indeed help learners focus on annotated concepts or subjects and help 
them construct their own knowledge and concepts. Furthermore, interactive discussion for annotated digital 
texts helps learners discuss and review others’ ideas and thoughts. 

Moreover, this work also demonstrated that the reading strategy use in the experimental group 
is significantly superior to that of the control group. In general, successful readers often use variety 
of strategies in understanding the texts. Dogan (2002) pointed out that good readers use a lot of 
strategies before, during and after reading. Brown, Campione, and Day (1981) suggested that 
improper reading strategies will affect effective reading. Clearly, the proposed reading annotation 
scaffolding provides benefits in directing students to use appropriately reading strategies and arouse 
students’ metacognitve abilities for performing effective reading, thus promoting the performance 
of reading strategy use. Moreover, analytical results showed that the promotion of reading attitude 
in experimental group was significant in terms of the behavioral, affective sub-dimensions, and the 
total dimension, but not in the control group. However, this work confirmed that both groups do not 
appear significant difference in reading attitude after performing the designed collaborative reading 
activities. Based on interviewing several elementary school teachers who have over ten years 
reading instruction experiences in Taiwan, most of teachers expressed that promoting students’ 
reading attitude in a short learning period is a very challenging task. This work only performed 
collaborative reading with different treatments for both groups within two weeks. Extending 
learning period to observe reading attitude variations may get better promotion. 

Finally, some study limitations merit consideration. First, this study focused only on a 
particular age group of elementary school students in assessing the effects of the proposed 
CRAS-RAIDS on reading attitude, reading comprehension, and reading strategy use. Thus, research 
results cannot be transferred readily to other age groups with different academic levels. Second, this 
study uses two selected PIRLS articles to assess the effects of the proposed CRAS-RAIDS on 
reading attitude, reading comprehension, and reading strategy use. Thus, further research should 
focus on whether the research results can be transferred readily to other types of reading articles. 

6. Conclusions and Future Work 
This work aims to develop a collaborative reading annotation system with reading annotation 

and interactive discussion scaffolding (CRAS-RAIDS) to facilitate high-level reading 
comprehension and reading strategy use in collaborative digital reading environments. To examine 
the effects of the proposed CRAS-RAIDS on promoting reading performance, this work examines 
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the differences between the experimental group students who performed collaborative reading with 
the proposed CRAS-RAIDS support and the control group students who performed collaborative 
reading with traditional paper-based reading annotation and face-to-face discussion in reading 
attitude, reading comprehension, and reading strategy use in an active reading context. Analytical 
results show that collaborative reading with the proposed CRAS-RAIDS support can speed up 
effectively interactive discussion, facilitate high-level thinking, and avoid students falling into 
irrelevant discussion subjects. More importantly, compared to collaborative reading with traditional 
paper-based reading annotation and face-to-face discussion, collaborative reading with the proposed 
CRAS-RAIDS support simultaneously provides benefits in terms of promoting the performance of 
direct and explicit comprehension and inferential comprehension, and reading strategy use. Also, 
this work confirms that both group students who performed collaborative reading with different 
treatments have no significant difference in reading attitude. The encouraging results are that most 
of the experimental group students have relatively high satisfaction degree and their opinions are 
relatively consistent after performing online collaborative reading activities with the proposed 
CRAS-RAIDS support. Meanwhile, the experimental group students expressed high intention to 
keep on using the CRAS-RAIDS to perform online collaborative reading activity in the future. 

Additional studies are warranted. Firstly, participants could be expanded to junior high school 
students, senior high school students or college students to confirm whether participants with 
different academic levels generate different outcomes when performing online collaborative reading 
with the proposed CRAS-RAIDS support. Secondly, some studies have pointed out that different 
style articles affect a student’s reading performance and self-efficacy levels (McCabe et al., 2006). 
Therefore, a future study should investigate the difference among different style articles, such as 
lyrical, practical, and expositive style articles, in reading comprehension performance, reading 
strategy use, and reading attitude. Also, in addition to that high-level interactive discussion for the 
annotated digital texts may affect reading comprehension performance, the high-level reading 
annotations including summary, discrimination, and reasoning are important factors affecting 
reading comprehension performance. Therefore, a further study should explore the correlations 
between the levels of reading annotations and reading comprehension performance. Moreover, the 
personal characteristics, such as prior knowledge, learning style, metacognitive ability, and reading 
skill, may also affect the reading comprehension performance, reading strategy use, and reading 
attitude while using the proposed CRAS-RAIDS to support online collaborative reading. This issue 
is also valuable to be further investigated. In addition, Yelland and Masters (2007) claimed that 
scaffolding should be gradually withdrawn as the learner becomes a more competent learner. 
Therefore, a further study should investigate whether or not the proposed reading annotation and 
interactive discussion scaffolding in the collaborative reading annotation system can cultivate 
students to become more competent e-readers. Finally, since changing students’ reading attitude is a 
very challenging task, the learning period for online collaborative reading could be extended to 
observe reading attitude variations, such that observations are close to real reading conditions. 
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國科會補助專題研究計畫項下出席國際學術會議心得報告 
                                日期： 103  年 6  月 27 

                                 

 日 

一、參加會議經過 
本次參與 2014 年國際行動學習研討會(International Mobile Learning Festival 2014)委由鳳凰國際

旅行社代為訂購機票及安排住宿事宜，經由旅行社安排，個人於 6 月 1 日 (日)上午由臺灣桃園國

際機場搭乘長榮航空 BR255 班機於當天下午抵達峇里島努拉來國際機場(Ngurah Rai International 
Airport)。經過大約一個小時的漫長入境手續之後，再搭乘當地計程車前往住宿飯店 Bali Dynasty 
Resort。本次 IMLF 2014 會場即在該飯店之中，走路只需五分鐘。再稍作休息並整理行囊之後，隨即

展開為期四天的會議及參訪行程。並於當地時間 6 月 6 日中午離開飯店前往努拉來國際機場、辦理出

境手續，然後於下午搭乘長榮航空 BR256 班機回國，並於晚上返抵臺灣桃園國際機場，過程相當順

利且圓滿。 

二、與會心得 
(一)深入了解目前資訊科技及其應用於教育之發展趨勢 

本次 IMLF 2014係由Consultants International for Human Capital Development主辦，會議地點位於

峇里島庫塔區(Kuta)的Bali Dynasty Resort飯店。IMLF是一個行動學習領域相當重要的國際研討會，

也是全世界教育研究者共享資訊的國際盛會。本年度 IMFL 研討會以教學科技 (Educational 
Technology)、社群媒體(Social Media)、學習設計(Learning Design)三大研究議題為主，廣邀全世界學

校教師、教育政策主管、研究人員參與。大會也於會議第一、二天分別安排了二場重要的 Keynote 
Speech，第三天晚上則安排歡迎晚宴。其中來自澳洲的 Professor John Hedberg 的專題演講，針對澳洲的

高等教育如何應用行動學習的現況進行介紹，他提到近幾年高等教育面臨的挑戰包括如何培養 problem-solving 
person、feeling person、positioning person、negotiating culture identity person及 learning person等，為了達成上述目標，

高等教育必須在課程(curriculum)、學習設計(learning design)、互動(interactivity)及評量(assessment)上進行改變，會議

中Professor John Hedberg 也分享了他們整合學校學習環境所發展的行動學習系統，並融入於實際教學

中，讓我印象相當深刻，值得國內借鏡。此外，會議中大約有有七到八個國家的學者參與論文發表，

計畫編號 NSC 100-2628-S-004-001-MY3 
計畫名稱 基於合作式數位閱讀標註知識典藏與分享之雲端高互動閱讀學習社群

平台建置與研究(3/3) 
出國人員

姓名 陳志銘 服務機構

及職稱 
國立政治大學圖書資訊與檔案學

研究所  教授 
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103 年 6 月 5 日 會議地點 印尼峇里島 

會議名稱 (中文) 2014 年行動學習國際研討會 
(英文) 2014 The International Mobile Learning Festival 

發表論文

題目 

(中文) 以數位筆技術提升英語口語閱讀流暢度 
(英文) Facilitating English Language Learners’ Oral Reading Fluency with 
Digital Pen Technology 
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我們發表的數位筆技術也獲得與會學者的高度興趣，紛紛詢問要如何才能買到這樣的設備，並且對於

數位筆結合課堂學習的發展潛力表示不但可行，並且非常適合應用於教室的學習環境。此次會議雖然

參與的人數不算很多，但算是一個小而美規劃設計非常精緻的研討會，每篇論文有長達三十分鐘的報

告及討論時間，可以作比較深入的交流，個人覺得這樣的研討會更具意義，也藉由了解其他國家學者

的研究，提升了自己的研究視野。個人覺得此次會議收獲滿滿，所獲取之新知對於個人的未來研究幫

助極大。 
(二)結交國外及香港學者 

此次會議吸收許多新的知識，並於大會晚宴、Coffee Break 及 Social Event 時間，認識許多國外

及香港學者，除了閒話家常外，也進行學術交流，交換彼此進行研究過程的心得。特別是在會議期間

遇到香港教育學院趙建豐教授及台灣台北市立大學何貴良教授等，可能大家語言及文化背景具有不少

交集，很自然的熟悉與熱絡起來，除了藉此瞭解香港這幾年高等教育在行動學習及數位學習的發展現

況外，也瞭解近幾年香港高等教育及重點研究發展趨勢，大家也交換名片相約於會後繼續保持密切聯

繫爭。 
(三)體驗峇里島風土民情及風光 

個人已累積多次出國發表論文經驗，此次除了與會發表論文外，也藉由此次會議的空閒時間，參

訪了峇里島近郊烏布地區的聖猴森林，也到金巴蘭吃海鮮美食看夕陽，搭乘銀白號到海上平台進行一

日遊，以及晚上體驗峇里島相當著名的 SPA 等。這是一次成功且難忘的經驗，真是不枉此行，個人

覺得獲益良多。 

三、考察參觀活動(無是項活動者略) 
無 

四、建議 
近年來隨著網際網路社群快速的發展，許多的網路使用者不再只是透過桌上型電腦使用網路資

源，取而代之的是使用手機或平板電腦來存取網路資源，這些轉變都是源自於無線網路技術的成

熟與蓬勃發展。同樣的，網路學習的模式也慢慢傾向於更行動化、可攜性和個人化。因此，近年

來學習模式因科技發展而不斷改變，由傳統教室授課轉變成為網路學習(E-learning)、行動學習

(M-learning)抑或無所不在學習(U-learning)。然而在這些新穎的學習模式中，行動學習已被視為是

最有效率的彈性學習(flexible learning)模式之一，因為行動學習打破了傳統在教室內或桌上型電腦

前學習的侷限，使得學習不受時間及地點的限制。除此之外，行動學習可以幫助學習者利用零碎

時間進行學習，已有許多透過無線網路技術所建置的行動學習情境已被提出，例如透過隨意網(Ad 
Hoc Network)技術所建置的戶外賞鳥學習活動，或是利用位置感知技術所建立的鄉土教材課程，讓

學習者使用行動裝置走出戶外，營造出一個結合學習情境可在任何時間、地點進行學習的模式。

因此，建議國內高等教育應該將研究能量實際轉換為可以與實務教學結合的應用，只專注於學術

研究而忽略實際教學應用，難以實際提升國內數位學習發展的水準。 

五、攜回資料名稱及內容 
此次參加會議，大會準備了大會議程表、論文集及許多明年相關國際研討會的 Call for Paper 資

料，個人也攜回台灣作為明年參加會議的參考。例如 2015 年的 International Mobile Learning Festival、
2015 International Conference on Computers in Education 等，這些即將舉辦的國際研討會將作為個人明

年出國發表論文的目標。另外個人也攜回研討會利用 USB 行動碟儲存的論文集，許多論文對於個人

未來的研究極具參考價值。 
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Facilitating English Language Learners’ Oral Reading Fluency with Digital Pen 
Technology 

 

Abstract 

With the growth of digital pen technologies, developing an interactive learning environment that 

combines printed textbooks and a digital pen to support English-language classroom learning has become 

feasible. Thus, this work presents a digital pen and paper interaction platform (DPPIP), in which digital 

pen technologies are integrated with printed textbooks and course management system, to support the 

repeated reading strategy for promoting English-language oral reading fluency. This work recruited two 

junior high school classes from Taoyuan County, Taiwan, for participation in an instructional experiment. 

One class was randomly assigned to the experimental group, which used the DPPIP to perform the 

repeated reading strategy in order to enhance English-language oral reading fluency. By contrast, the other 

class was assigned to the control group, which adopted the traditional paired reading method to support 

the repeated reading strategy to improve English-language oral reading fluency. Analytical results show 

that applying the proposed DPPIP to support an English-language course had significantly positive effects 

in promoting the English-language oral reading fluency, learning motivation, and learning satisfaction of 

junior high school students. Moreover, this DPPIP simultaneously helped the experimental group students 

with the field-independent and field-dependent cognitive styles accelerate their oral reading fluency. 
Keywords—Oral reading fluency; Repeated reading strategy; Digital pen technology; Interactive paper-based learning; 
Second-language learning 

Introduction 
English is the most important second language (L2) in many non-English-speaking countries (Chen & Hsu, 2008; 

Chen & Chung, 2008). However, English teachers in Taiwan’s junior high schools frequently focus on teaching 

grammar concepts or increasing the vocabulary size of students (Liu, Chen, & Chang, 2011) such that students are 

used to checking the definitions of words in a dictionary while reading. Students have become accustomed to reading 

word-by-word, and they typically resist reading. Moreover, most students typically break sentences into small 

incoherent parts (Lin, 2006) adversely affecting the integrity of sentences, rendering them meaningless. Developing 

novel and effective learning environments that promote students’ reading effectiveness and increase their interest is an 

important issue for L2 development (Day & Bamford, 1998; Pikulski & Chard, 2005). 

As oral reading fluency develops, readers read more quickly, concentrate more fully on the meaning of what is 

read, and improve their pronunciation skills. Therefore, oral reading fluency indeed provides the crucial bridge 

between word recognition and text comprehension (Pikulski & Chard, 2005). Nowadays, many web- or 

computer-based digital reading materials allow teachers to integrate audio and interactive functions to create 

instructional activities that promote the oral reading fluency of students. Alternately, e-books have considerable 

potential for improving oral reading fluency skills. E-book technologies typically transfer a story from printed paper 
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to the computer screen, allowing children to listen to an oral reading demonstration of a story. Additionally, many 

specialized platforms (Liu, K., Liu, C., Huang, C., Hung, K., & Chang, 2010; Rasinski, Samuels, Hiebert, Petscher, & 

Feller, 2011) and many commercial products, such as the Read, Write & Type! Learning System 

(http://www.talkingfingers.com/) and Read Naturally (http://www.readnaturally.com/), support oral reading fluency. 

However, these digitalized tools for training oral reading fluency offer interactive functions that mainly rely on oral 

reading from computer screen. A study of computer-screen reading habits in digital journal libraries found that 

two-thirds of article views lasted less than 3 minutes and 40 percent were completed in 1 minute or less (Nicholas, 

Rowlands, Huntington, & Jamali, 2008). Moreover, most readers tend to print out digital documents to read when the 

document is longer than 3 pages (Liu, 2006). A student public interest research group found that 75 percent of 

students prefer printed textbooks over digital textbooks (A Allen, 2010). Many empirical studies have indicated that 

working with printed paper has a lower cognitive load than working with a digital stylus on a Tablet PC or graphical 

tablet (Oviatt, Arthur, & Cohen, 2006). These studies implied that screen technologies for English language learning 

may not be used effectively or accepted by readers. That is, readers may not desire to replace completely the 

traditional paper-based reading mode with the digital reading mode (Woody, Daniel, & Baker, 2010). Therefore, the 

practical need of integrating interactive digital pen technologies with printed textbooks for assisting classroom 

English learning is existed. 

To support repeated reading and thereby promote the oral reading fluency of students, this study integrates digital 

pen technologies, printed textbooks, and course management system as a digital pen and paper interaction platform 

(DPPIP). This platform offers an innovative learning environment, allowing teachers to create paper-based activities 

with digital pen and course management system support. In this new learning environment, students can use a digital 

pen to interact with printed reading materials to obtain immediate assistance, including oral reading demonstration, 

recording oral readings, and rehearsing independent reading aloud. Based on the proposed DPPIP, students perform 

the repeated reading strategy to repeat oral reading practice with paper-based learning activities while supported by an 

interactive digital pen in a self-oriented, independent, and convenient way. This work assesses whether using this 

platform to support repeated reading strategy promotes learning motivation and satisfaction and maximizes learning 

effectiveness in oral reading fluency. 

Research Methodology 
The proposed DPPIP for promoting English-language oral reading fluency 

The digital pen and paper interaction platform (DPPIP)  

Figure 1 displays the proposed platform, which is composed of a student learning tier, course management tier, 

and teacher tutoring tier. The teacher tutoring tier allows English teachers to create instructional activities that 

incorporate the digital pen into paper-based reading texts for training students in oral reading fluency. This tier has a 

teacher interface, which can monitor the practice status of students, and contains an interactive interface for providing 

feedback. Moreover, the student learning tier combines a friendly learning environment with one-on-one assistance to 
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enhance student oral reading fluency while using the repeated reading strategy, such that students can use their digital 

pens to interact with reading texts in printed textbooks. The course management tier is composed of a Moodle course 

management system and a MySQL database. This tier stores and manages course data and provides a message 

communication interface for both teachers and students. 

 
Figure 1. The 3-tier architecture of the proposed digital pen and paper interaction platform (DPPIP) for promoting 
English-language oral reading fluency 

Each student in the experimental group was given a digital pen. The pen was used to interact with reading texts in 

the textbook, and to conduct learning activities with the support of three interactive functions embedded in the digital 

pen: (1) oral reading demonstration; (2) creating oral reading fluency recordings; and (3) playing back recordings. Via 

these features, students can practice at their own pace and level, and imitate the oral reading demonstration, record 

their own oral reading, and play back their recordings to analyze their oral reading fluency. 

Additionally, monitoring student progress and giving feedback daily are important aspects of training student oral 

reading fluency. Particularly, recordings can reflect learning progress. Thus, they are appropriate as a reference for a 

teacher to identify a student’s status. Once students have recorded oral readings assigned by the teacher, they connect 

their digital pens to a computer using a USB cable and upload their recordings to the database in the course 

management tier. Via the user interface in the course management tier, teachers can track reading progress of 

individual students and give corrective feedback conveniently. 

Notably, all these activities in oral reading fluency learning are provided with one-on-one support by the digital 

pen, and done on printed textbooks. Compared with the traditional paired reading method, these design features of the 

DPPIP help students concentrate, focus on their oral reading practices, and provide additional opportunities for 

practice. Therefore, we assert that training oral reading fluency with the proposed DPPIP can maximize student 

learning efficiency and effectiveness. 

The used digital pen 

To promote oral reading fluency, the proposed DPPIP uses a Qu-voice digital pen, which contains a built-in 

speaker,  microphone, and several interactive functions with reading texts in printed textbooks (Ever Glory 

Publishing Co., 2012). Figure 2 shows an illustration of a dialogue session of the Qu-voice digital pen as it plays a 
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reading demonstration. When using the Qu-voice digital pen, students can record their practice to promote oral 

reading fluency and play their recordings to correct oral reading errors. 

 
Figure 2.  An illustration of a dialogue session of the Qu-voice digital pen as it plays a reading demonstration (Ever Glory 
Publishing Co., 2012) 

Moodle course management system for supporting learning activities 

The proposed DPPIP aims to provide a hybrid learning environment that combines online and classroom learning 

with interactive digital pen support to facilitate student oral reading fluency and instructional interaction between a 

teacher and students. To reach these goals, (Moodle, 2012), which is a free and open-source learning management 

system, was applied as the course management tier in the DPPIP. Moodle enables teachers to create powerful, flexible, 

and engaging online courses because it offers many useful learning activity modules (Romero, Ventura, & García, 

2008). Particularly, this work installed a reading assignment module offered in Moodle to support the repeated 

reading strategy. With the support of the reading assignment module, each student can use the built-in recording 

function of the Qu-voice digital pen to practice reading, and then upload recording files to the module for the 

teacher’s assessment. Moreover, this module provides some basic statistical functions so that the teacher can easily 

monitor the reading progress of individual students. According to assessment results, the teacher can monitor the 

practice status of individual students and provide appropriate feedback. 

Participants 

To determine whether the repeated reading strategy supported by the proposed DPPIP is superior to the repeated 

reading strategy supported by traditional paired reading method (Topping, 1995), this work recruited 62 Grade 7 

students (13–14 year olds) who are all native speakers of Chinese. These 62 students comprised two classes at a 

public junior high school in Taoyuan County, Taiwan. The English-language teacher had 10 years of teaching 

experience. This teacher was responsible for teaching English to the two classes. One of the two classes was randomly 

assigned to the experimental group (n=30), which used the repeated reading strategy with the proposed DPPIP support. 

By contrast, another class was assigned to the control group (n=32), which performed the same instructional course to 

promote oral reading fluency as the experimental group based on the repeated reading strategy supported by the 

traditional paired reading method. All students had equivalent academic achievement because Taiwan’s junior high 

schools executed class grouping after students entered school. Moreover, this work applied independent-sample t-test 
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analysis to confirm that no significant difference (t=.418, p=.678 > .05) existed between prior English proficiency 

levels of both groups based on their semester English scores. Analytical results show that the two groups had the same 

English proficiency level before participating in the instructional experiment. 

Experimental procedure 

Before performing the formal experiment, the same oral reading fluency test was conducted and English learning 

motivation questionnaire was filled out by both student groups to confirm whether the two groups differed 

significantly in prior oral reading fluency and English-learning motivation. In the formal experiment, all participants 

in the two groups were taught by the same English teacher who used the same reading materials to practice oral 

reading fluency and used the repeated reading strategy. The experimental group students were treated with the 

repeated reading strategy supported by the proposed DPPIP, while those students in the control group were treated 

with the repeated strategy supported by the traditional paired reading method. The materials for oral reading fluency 

training contained 12 reading sessions. The instructional time of each session was about 45 minutes. The course was 

twice per week during the six-week experiment. After finishing the experiment, students filled out the same learning 

satisfaction questionnaire and English-learning motivation questionnaire and completed the oral reading fluency test 

of word correct per minute (WCPM) to confirm whether the two groups differed significantly in terms of learning 

satisfaction, oral reading fluency and learning motivation. 

Learning treatments for both groups 

This section explains the learning treatments of both groups. First, students in the experimental group, who were 

supported by the proposed DPPIP, were given a Qu-voice digital pen. The learning procedures are as follows. 

(1) Students clicked the Play button embedded in printed textbook to listen to a oral reading demonstration of the 

reading texts. 

(2) Students imitate reading pronunciation while listening to the oral reading demonstration from the pen. 

(3) Students repeat Steps 1–2 a number of times, and then go to Step 4. 

(4) Students switch to Record mode from Play mode to record their oral readings, and then play their own recordings 

to correct their oral reading errors. 

(5) Students upload their oral reading recordings to the course management system, and then return to Step 1 or 

terminate the learning procedure. 

In contrast, control group students were instructed via the traditional paired reading method to promote oral 

reading fluency based on the repeated reading strategy. Initially, the teacher read the texts aloud as a demonstration 

for students, and then students imitated the teacher. Next, students performed self-reading several times. Finally, 

students were paired with a partner and reread the texts to the partner. While a student was practicing oral reading, 

her/his partner could immediately provide feedback. Thus, the teacher told students in both groups that fluent oral 

reading should simultaneously consider reading speed, accuracy, and prosody during practice. 

Research instrument 
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Oral reading fluency test 

This work applied the DIBELSTM Oral Reading Fluency test, which is a standardized test administered 

individually of accuracy and fluency with a given text and measures the ability of a student to comprehend a given 

text (Good & Kaminski, 2002). The goal of the test is to assess a student’s oral reading fluency. In the test, the reading 

performance of a student is measured by asking that student to read a passage aloud for 1 minute, and the number of 

words read correctly is taken as their reading score. English educational experts have generally agreed that this 

1-minute reading test is sensitive, reliable, and valid for measuring student oral reading fluency (Marston, 1989). 

Learning motivation questionnaire towards  learning English language 

An English-learning motivation questionnaire with 32 items was designed as a Chinese version for junior high 

school students based on related motivational and attitudinal questionnaires (Clément & Kruidenier, 1983; Dörnyei, 

1990). The questionnaire has five dimensions: learning attitude; learning needs; self-efficacy; self-esteem; and 

achievement motivation. Responses were on a five-point Likert-type scale, ranging from 1 for “strongly disagree to 5 

for “strongly agree.” Scale reliability was examined by the 70 other students. The Cronbach’s alpha values of the five 

subscales are 0.88, 0.90, 0.92, 0.61, and 0.58, and the Cronbach’s alpha of the total scale is 0.96, implying that the 

scale has a high reliability and sensitivity to English-learning motivation. 

The student learning-satisfaction questionnaire for both groupst 

This work designed the student learning-satisfaction questionnaire to measure student perceptions about practice, 

as well as student attitudes toward the English-language course. The questionnaire consisted of four dimensions: 

curriculum design; teacher’s instruction; learning effectiveness; and learning ability. Responses were on a five-point 

Likert-type scale, ranging from 1 for “strongly dissatisfied” to 5 for “strongly satisfied.” A high score represents 

satisfaction with the English course. This work asked 70 other students to examine scale reliability. The Cronbach’s 

alpha values of the four subscales are 0.82, 0.70, 0.89, 0.73, and the alpha value of the total scale is 0.90, showing that 

the scale has a high reliability in assessing student-learning satisfaction. 

Experimental Results 
Analysis of the oral reading fluency for both groups 

To assess whether the oral reading fluency of both groups improved significantly, an article, which is appropriate 

for practice by Grade 7 junior high school students, was randomly selected from the DIBELS series for the 1-minute 

reading pretest and posttest. Moreover, paired-samples t-test analysis was employed to examine the difference in oral 

reading fluency between the pretest and posttest for both groups. Table 1 shows analytical results. Both groups of 

students, which practiced oral reading with the support of the DPPIP and traditional paired reading, effectively 

performed the repeated reading strategy, significantly promoting their oral reading fluency. 
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Table 1. The paired-samples t-test results of English-language oral reading fluency of WCPM for both groups 
Assessment Experimental group  (n=30) Control  group   (n=32) 

 M  (S.D.) t M  (S.D.) t 
Pretest of oral reading fluency 63.00  (39.00) 

-7.56* 
62.59  (34.58) 

-6.38* Posttest of oral reading fluency 90.37  (47.03) 80.03  (43.19) 
*p< .05 

Furthermore, this work compares learning performance in terms of oral reading fluency gain between both groups 

to investigate whether the different learning treatments that support the repeated reading strategy differ significantly in 

oral reading fluency improvement. The oral reading fluency gain between the pretest and posttest for each student can 

be computed by 

Mgain=Mposttest–Mpretest                                       (1) 
where Mgain represents oral reading fluency gain between the pretest and posttest scores for each student; Mposttest 

is the posttest score of a student’s oral reading fluency; and Mpretest is the pretest score of a student’s oral reading 

fluency. 

Next, the independent-samples t-test was applied to compare differences in oral reading fluency gains between 

both groups. Oral reading fluency gain between both student groups differed significantly (t=2.208, p<0.05); that is, 

the experimental group with the proposed DPPIP support made more significant progress than the control group with 

support by the traditional paired reading method. 

Analysis of student learning motivation 

Generally, students can focus their energy and attention on meaningful and enjoyable reading once their oral 

reading fluency is improved (Samuels, 1979), thus accounting for motivation for learning the English language. 

Therefore, the learning-motivation questionnaire was used to assess how the learning motivation of both student 

groups was affected in the instructional experiment. First, the independent-samples t-test was applied to assess the 

difference in pretest scores for learning motivation between both groups. Comparison results of the pretest scores for 

the learning motivation of both groups did not differ significantly (t=-0.61, p>0.05), implying that both groups have 

equivalent English-learning motivation before the instructional experiment. Next, paired-samples t-test was used to 

assess the difference in pretest and posttest scores for learning motivation. Table 2 shows analytical results. The 

posttest scores for learning motivation of the experimental group were significantly higher than the pretest scores in 

all dimensions and the total scale of the learning-motivation questionnaire. Thus, learning motivation of 

experimental-group students was improved significantly by the DPPIP support. In contrast, although control group 

students made significant progress in oral reading fluency, no significant difference existed between pretest and 

posttest scores for learning motivation in most dimensions and the total scale of the learning-motivation questionnaire. 

Importantly, the posttest score of the learning need dimension was significantly lower than the pretest score. We infer 

that control group students passively received oral reading fluency instruction via the teacher’s traditional instruction 

method, reducing learning motivation in the learning need dimension. 
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Table 2. The paired-samples t-test results of the learning motivation for both groups 

Dimensions Test type 
Experimental group  (n=30) Control  group  (n=32) 

M  (S.D.) t M  (S.D.) T 

Learning attitude 
Pretest 3.13  (0.79) 

-4.33** 
3.15  (0.72)  

-0.16 
Posttest 3.54  (0.69) 3.16  (0.65)  

Learning needs 
Pretest 3.84  (0.72) 

-2.40* 
3.90  (0.54)  

2.19* 
Posttest 4.14 (0.58) 3.72  (0.58)  

Self-efficacy 
Pretest 3.30  (0.63) 

-2.67* 
3.48  (0.49)  1.08 

  Posttest 3.58  (0.54) 3.40  (0.43)  

Self-esteem 
Pretest 3.37  (0.86) 

-3.25* 
3.44  (0.65)  -1.34 

  Posttest 3.76  (0.65) 3.55  (0.67)  

Achievement motivation 
Pretest 3.41  (0.72) 

-2.25* 
3.50  (0.52)  1.64 

  Posttest 3.66  (0.73) 3.32  (0.70)  

Total scale 
Pretest 3.44  (0.62) 

-3.94** 
3.53  (0.48)  1.38 

  Posttest 3.77  (0.55) 3.45  (0.49)  

Analysis of the students’ learning satisfaction 

In addition to assessing student learning performance in terms of oral reading fluency and motivation, this work 

also analyzed whether the learning satisfaction of students in both groups differed significantly. The 

learning-satisfaction questionnaire was used to measure learning satisfaction after students experienced different 

learning treatments. Table 3 shows analytical results. Based on independent-samples t-test results, this work confirms 

that learning satisfaction between both student groups differed significantly in the four dimensions and total scale of 

the learning-satisfaction questionnaire. Obviously, the learning satisfaction of the experimental group students was 

significantly higher than that of control group students. 

Table 3. The independent-samples t-test results of the learning satisfaction for both groups 
Dimensions Experimental group (n=30) Control  group  (n=32) t M (SD) M (SD) 

Curriculum design 4.01 (0.47) 3.53 (0.78) 2.96* 
Teacher’s teaching 4.21 (0.41) 3.66 (0.78) 3.52** 

Learning effectiveness 4.18 (0.55) 3.29 (0.82) 4.98** 
Learning ability 4.00 (0.55) 3.34 (0.95) 3.35* 

Total scale 4.10 (0.35) 3.44 (0.72) 4.57** 
* p< .05, **p< .001 

Conclusions 
This work presents a DPPIP that integrates Qu-voice digital pen technologies, printed textbooks, and course 

management system, to support repeated reading. Our hope is that the proposed platform can be fully incorporated 

into regular English-language courses in classrooms to promote students’ oral reading fluency and also helps students 

learn through augmenting autonomous paper-based activities with the aid of computers. By capturing the student’s 

learning activities on printed textbook using a digital pen, what the students does on printed textbook can be 

monitored and processed by computers. This work demonstrates the effectiveness of the proposed DPPIP in 

accelerating students’ oral reading fluency and shows its potential in maximizing the effectiveness of repeated reading. 

These analytical results imply that the proposed DPPIP eases the practical difficulties in practicing oral reading and 

provides learning benefits to students that promote learning effectiveness and interest. Restated, the proposed DPPIP 
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is an effective instructional mode for those teachers who plan to integrate digital pen technologies and printed 

textbooks into English-language courses in the classroom. 
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