
行政院國家科學委員會專題研究計畫  期中進度報告 
 
 

子計畫三:具多重策略的閱讀理解輔助系統之建立與應用

(1/3) 

 

 
計畫類別： 整合型計畫 

計畫編號： NSC91-2520-S-003-023- 

執行期間： 91 年 08 月 01 日至 92 年 07 月 31 日 

執行單位： 國立臺灣師範大學教育心理與輔導學系(所) 

 

 

 

 

計畫主持人： 宋曜廷 

共同主持人： 林清山 

計畫參與人員： 黃嶸生 張國恩 

 

 

 

 

報告類型： 精簡報告 

  

處理方式： 本計畫可公開查詢 

 

 

 

 

中 華 民 國 92 年 6 月 9 日



行政院國家科學委員會補助專題研究計畫 

期中進度報告 
 

計畫名稱:具多重策略的閱讀理解輔助系統之建立與

應用 (1/3) 

 

計畫類別：□ 個別型計畫  X□ 整合型計畫 
計畫編號：NSC91－2520－S－003－020－ 
執行期間：2002   年 8  月 1 日至 2005 年 7  月 31  
日 
 
計畫主持人：宋曜廷 
共同主持人：林清山 
計畫參與人員： 黃嶸生 張國恩 
 
成果報告類型(依經費核定清單規定繳交)：X□精簡報告  □完
整報告 
 
本成果報告包括以下應繳交之附件： 
□赴國外出差或研習心得報告一份 
□赴大陸地區出差或研習心得報告一份 
□出席國際學術會議心得報告及發表之論文各一份（六月底開
會，待繳） 
□國際合作研究計畫國外研究報告書一份 
 
 
處理方式：除產學合作研究計畫、提升產業技術及人才培育研究



計畫、列管計畫及下列情形者外，得立即公開查詢 
          □涉及專利或其他智慧財產權，□一年□二年後可公
開查詢 
          
執行單位：台灣師範大學 教育心理與輔導學系 
 
中   華   民   國   九十二  年 五   月 三十一    
日 

 

 

 

Designing a Computer Assisted Reading Comprehension System with Multiple 
Strategies 

 

 

 

 

Yao-Ting Sung Jun-Shen Hwang, Chen-Shan Lin, & Kuo-En Chang 

National Taiwan Normal University 

 

 

 

 

Paper to appear at the 2003 International Conference of Educational Multimedia and 
Hypermedia (EDmedia2003), June, 23-28, Honolulu. 

 

 

 



 

Correspondence:  

Yao-Ting Sung 

Department of Educational Psychology and Counseling, 

National Taiwan Normal University 

Taipei, Taiwan 

sungct@cc.ntnu.edu.tw 

 

 

 

 

 

 

 

 

 

 

 

Abstract 

Teachers in classroom situations usually have difficulty becoming familiar with and 
preparing for multiple strategies for reading instruction. Computer technology may be 
a potential approach to help overcome the difficulty of strategy instruction. However, 
most of the studies on computer-assisted reading deal with reading issues on more 
fundamental levels rather than higher-level text comprehension. Besides, the few 
studies on computer-assisted comprehension are focused on using text enhancement, 
rather than dealing with the ability of the learner. In this study, the ASOIM 
(attention-selection-organization-integration-monitoring) model, revised from 
Mayer’s (1996) SOI model of text comprehension, was used as a foundation to design 
a user-friendly, multi-strategy based Computer Assisted Strategies Teaching and 



Learning Environment (CASTLE), aiming to enhance the learner’s 
strategy-application and text comprehension abilities. 
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Designing a Computer Assisted Reading Comprehension System with Multiple 
Strategies 

 

Introduction 

Reading strategy instruction 

On enhancing reading ability, one of the methods most often recommended by 
researchers is reading strategy instruction. Reading strategy instruction is found to be 
highly effective both in dealing with problems on the vocabulary level (Sindelar, 
Monda, & O’Shea, 1990) and higher-level issues such as text comprehension (De 
Corte, Verschaffel, & De Van, 2001; Johnson-Glenberg, 2000). Paris & Paris (2001) 
postulated that there are several important characteristics in successful reading 
strategy instruction: (1) using multiple strategies; (2) presenting clear messages for 
application, such as why, when and how to use the strategies; (3) making students 



attribute their learning achievements to the correct use of strategies; (4) applying 
strategies in peer interaction; (5) incorporating cognitive strategies into a more 
wide-ranging domain of self-regulated learning; (6) embedding strategies in the 
reading activities in daily life to provide more opportunities for application and 
practice.  

In fact, considering the characteristics of successful strategy instructions 
described by Paris & Paris (2001), one finds it’s rather difficult for teachers to create 
those conditions in the classroom environment. Take the multiple-strategy instruction 
for example: it takes a significant amount of training for most teachers to become 
familiar with using the strategies and be able to teach their students about it. Further, 
preparing teaching materials for the instruction simply takes too much time and 
energy (Pressley, Goodchild, Fleet, Zajchowski, & Evans, 1989). Besides, there are 
difficulties involved in providing students with the opportunities to apply the 
strategies in daily life. Therefore, it is essential to create a proper environment of 
teaching assistance, which relieves teachers of their burden in implementing strategy 
instruction and increases the students’ opportunities and willingness to use reading 
strategies outside classroom instruction.  

Computer-assisted reading  

The difficulties of implementing reading strategies instruction in classrooms may 
be improved with the assistance of information technology. There are generally 
several advantages of using computers in reading instruction (Lynch, Fawcett, & 
Nicolson, 2000; Mathes, Torgesen, & Allor, 2001): 1. It can provide immediate 
feedback individually according to the student’s learning condition. 2. It allows 
students to control the pace of learning themselves as they see fit. 3. Properly 
arranged courses may be operated with computers independently, thus relieving the 
teachers of some burden and giving students more opportunities to learn 
independently. 4. Through the presentation in different media, it may strengthen 
students’ motivation to read.  

It is worth noting that although the computer-assisted reading approach has lead 
to impressive results (McArthur, Ferretti, Okolo, & Cavalier, 2001), the occurrence of 
its effects has its limitations. On the level of reading ability, most of the studies on 
computer-assisted reading deal with reading issues on more fundamental levels, such 
as word recognition (Frederiksen, Warren, & Rosenberry, 1985) or phonological 
awareness (Farmer, Klein, & Bryson, 1992; Mathes et al., 2001;van Aarle & Van den 
Bercken, 1999). There are relatively fewer attempts in assisting with higher-level text 
comprehension through computer technology. On the design of instructional devices, 



the majority of studies on computer-assisted comprehension are exploration of the 
effects of text enhancement (such as illustration or index for difficult vocabulary) on 
enhancing text comprehension. Since the attempts in this aspect operate on the 
assisting messages themselves, and deal with the ability of the learners to a very 
limited degree, their practical implications are still in dispute (McArthur et al., 2001). 
Regarding the training of strategies for text comprehension, there has been some 
studies on using computer technology to conduct strategy instruction (Chang, Sung, & 
Chen, 2001; in press; McArthur & Haynes, 1995). But the strategies are chosen in a 
fragmented fashion, and lack integration. For example, Chang et al. used the concept 
mapping strategy, while McArthur & Haynes used underling and summarizing. 
Because currently much emphasis is placed on using multiple-strategy instruction in 
the classroom situation (Paris & Paris, 2001; Pressley et al., 1989), we suggest it is an 
urgent issue to find out how to design proper multiple strategies with computer 
technology to facilitate text comprehension ability. Considering that there are a 
limited number of computer environments that are directly aimed at the learners’ 
reading ability and are equipped with a complete set of comprehension strategies, the 
purpose of this study is to design a reading instruction system with multiple strategies 
based on the components in the text comprehension process, and empirically evaluate 
the system’s effectiveness to enhance the learners’ ability of strategy application and 
comprehension.  

The design of A Computer Assisted Strategies Teaching and Learning 
Environment with Multiple Strategies 

This study uses the components in the text comprehension process as the 
basis for choosing and designing strategies. Mayer (1996) proposed a selection- 
organization-integration (SOI) model of text comprehension. Selection means that in 
reading an article, one needs to know which parts of the content are important and 
which ones are less important. Studies pointed out that the reader’s attention and 
whether he knows to monitor his own comprehension are factors of important 
influence on comprehension (Dole et al., 1991). The SOI model does not sufficiently 
reflect the components of attention and monitoring, so this study expands Mayer’s 
SOI model by adding the components of attention and monitoring, and the ASOIM 
model ( Figure 1) and some effective principles of reading strategies (Dole, Duffy, 
Roehler, & Pearson, 1991; Mastropieri & Scruggs, 1997; Pressley, Johnson, Symons, 
McGoldric, & Kurita, 1989) were used as the foundation for selecting and designing 
comprehension strategies. These strategies then form the basis of designing a 
multiple-strategy reading assistance system which we name CASTLE (Computer 
Assisted Strategies Teaching and Learning Environment). The CASTLE system is 



implemented in the Internet environment by Visual Basic and Active X. Students log 
on to the system through the browser on their local computer, and accessed the 
teaching materials from a database on the remote server. 
The design of reading comprehension strategies 

Eight strategies are implemented in the CASTLE, they are:1. Strategies for 
concentrating: Self-questioning and error detection; 2. Strategies for selecting: 
Concept map blank-filling and underlining. 3. Strategies for organizing: Concept map 
correction and inference to fill the blanks. 4. Strategies for integrating: 
Proposition-combining and summarization. 5. Strategies for monitoring: Verification 
of checklists related to strategy utilization.  

The functions of CASTLE 

CASTLE uses the Agent software to guide the user in operation. The Agent 

gives voice instruction to provide guidance on three major operation procedures: 

guidance on the work procedure, guidance on the user’s interface, and guidance of 

feedback. The guidance of the Agent uses the scaffold instruction method: the Agent 

gives the users complete messages of instruction in the initial stage of practice, then 

gradually decreases the amount of assisting messages and hints in later stages. The 

guidance on the work procedure is presented to the user on system startup. The 

guidance on the user’s interface is instructions given to the users regarding the 

operations of system interface. The guidance of feedback gives the users proper 

feedback according to the results of operation after the user’s task is completed. Table 

1 shows how the Agent and the toolbox work. The guidance by Agent is a common 

feature of all the reading strategies in the CASTLE system. 

The instruction workflow of CASTLE 

The reading strategy instruction workflow of CASTLE is designed according to 

the steps of reading strategy instruction recommended by Taylor, Harris, and Pearson 

(1995): 1. Explain what is in the strategy (what).  2. Explain why the strategy is 

important (why). 3. Demonstrate how to use the strategy (how). 4. Explain in what 

situation this strategy may be used (when). 5. Guide the students to practice using 



actual articles. 6. Ask the students practice independently through reading articles. 

The steps in CASTLE executes as: on startup, CASTLE communicates with the user 

through text and voice instruction by the Agent to instruct them about the meaning of 

reading strategy. Then the system provides an actual example, which the Agent would 

operate according to instructions on reading strategy or the teacher would give 

demonstrative operations. When the user is familiar with that reading strategy, he can 

choose another article to read, and actually operate on the reading strategy. After the 

operation is complete, CASTLE provides the user with feedback, and then the user 

verifies the reading processes. Here we explain the process using the instruction on 

error detection strategy as example: 

1. Explanation of reading strategy and practice on examples: CASTLE instructs the 

users about the meaning of the reading strategy through text and voice narration by 

the Agent, and asks the user to practice on an example. The user needs to complete 

the strategy practice on the example before he is allowed to choose an article to read 

(Fig. 3-1). 

2. Reading the article and operating on the strategy: after the reader has read the 

article, he can use the mouse to highlight the sentences in the article content, and then 

press the “underscore” button to transform the highlighted sentences into blue 

characters to signify the semantic contradictions. The reader can also use the mouse to 

highlight the words he doesn’t know and then press the “voice” button to tell the 

Agent to pronounce it. (Fig. 3-2) 

3. Giving feedback according to the reader’s operations: the system provides voice  

and text-based performance feedback according to the reader’s operations on the 

strategy (Fig. 3-3). 

4. Verification of the reading process: when the reader has completed the strategy 



 training on one article, the system provides him with a reading process verification 

checklist to fill out. There are six questions in the checklist, with four choice items in 

each question for the user to check according to the user’s learning conditions. 

Example: I have used the detection strategy in reading the article; I am quite familiar 

with the error detection strategy, or what is the meaning of error detection, etc. ( Fig. 

3-4).  

The four processes described above form a complete cycle; after reading one 

article, the reader needs to go through all the processes before he can go to the next 

article.  

 
 
 
 

Reference 

Anderson, T. H.（1978）. Another look at the self-questioning study technique. 
Technical Report No. 6. Urbana：University of Illinois, Center for the Study of 

Reading. 
Andr’e, M. E. D. A. & Anderson, T. H.（1978-79）.The self-questioning study 

technique. Reading Research Quarterly, 14, 605-623. 
Anderson, V. & Hidi, S.（1989）. Teaching student to summarize. Educational 

Leadership, 46, 26-28. 
Brown, A. L.,& Day, J. D.(1983). Macrorules for summarizing texts: The 

development of experties. Journal of Verbal Leaning and Verbal Behavior, 22, 
1-4. 

Chang, K. E., Sung, Y. T., & Chen, S. F. (2001). Learning through computer-based 
concept mapping with scaffolding aid. Journal of Computer Assisted Learning, 
17, 13-27. 

Chang, K. E., Sung, Y. T., & Chen, S. F. (2002). The effect of concept mapping to 
enhance text comprehension and summarization. Journal of Experimental 
Education, 71, 5-24. 

 Clark, F. L., Deshler, D. D., Schumaker, J. B., Alley, F. R., & Warner, M. M.（1984）. 
Visual imagery and self-questioning：Strategies to improve comprehension of 

written material. Journal of Learning Disabilities, 17, 145-149. 



De Corte, E., Verschaffel, L., & De Ven, V. (2001). Improving text comprehension 
strategies in upper primary school children: A design experiment. British Journal 
of Educational Psychology, 71, ????. 

Dale H. Schunk & Jo Mary Rice（1992）. Influence of reading-comprehension strategy 

information on children’s achievement outcomes. Learning Disability Quarterly, 
15, 51-64. 

Dole, J. A., Duffy, G. G., Roehler, L. R., & Pearson, P. D. (1991). Moving from the 
old to the new: research on reading comprehension instruction. Review of 
Educational Research, 61, 239-264. 

Farmer,  M. & Klein,  R.,  & Bryson, S.  (1992).  Computer-assisted 
reading: Effects of who le-word feedback on fluency and 
comprehension in readers with severe disabilit ies.  Remedial and 
Special Education, 13 ,  50-60. 

Gagne, E. D.（1985）Cognitive psychology of school learning. Boston, MA：Little, 

Brown and Company. 
Gajria, M., & Salvia, J.（1992）. The effects of summarization instruction on text 

comprehension instruction on text comprehension of students with learning 
disabilities. Exceptional Children, 58, 508-516. 

Garner, R.（1982）. Efficient text summarization：Cost and benefit. Journal of 

Educational Research, 75, 275-279. 
Jitendra, J. A., Hoppes, M. K., & Xin, Y. P. (2000). Enhancing main idea 

comprehension for students with learning problems: The role of a 
summarization strategy and self-monitoring instruction. Journal of Special 
Education, 34, 127-139. 

Johnson-Glenberg, M. C. (2000). Training reading comprehension in adequate 
decoders/poor comprehensions: Verbal versus visual strategies. Journal of 
Educational Psychology, 92, 772-782. 

Hansen, J.（1981）. The effects of inference training and practice on young children’s 

comprehension. Reading Research Quarterly, 16, 391-417. 
Ke, H. W. (1999). The screening test for reading comprehension difficulty. 

Psychological Testing, 40, 14-30. 
King, A., （ 1989） , Effects of self-questioning training on college student’s 

comprehension of lectures. Contemporary Education on psychology, 14, 
366-381. 

Klinger, J. K., Vaughn, S. (1996). Reciprocal teaching of reading comprehension 
strategies for students with learning disabilities who use English as a second 
language. Elementary School journal, 96, 275-293. 

Lin, C. S., & Su, Y. F. (1991). The effect of metacognition training to enhance the 



metacognitive abilities and reading comprehension of the sixth grade students. 
Technical report, NSC78-0301-H003-12. National Science Council, R.O.C.   

Lungberg, I. (1995). The computer as a tool for remediation in the education of 
students with reading disabilities: A theory based approach. Learning 
Disabilities Quarterly, 18, 89-100. 

MacArthur, C., & Haynes, J.(1995). Student assistant for learning from text (SALT): 
A hypermedia reading aid. Journal of Learning Disabilities, 28, 150-159. 

MacArthur,  C. A., Ferretti, R. P., Okolo, C. M., & Cavalier, A. R. (2001). 
Technology applications for students with literacy problems: A critical review. 
Elementary School Journal, 101, 273-301. 

Malone, L. D., & Mastropieri, M. A.(1992). Reading comprehension instruction: 
Summarization and self-monitoring training for students with learning 
disabilities. Exceptional Children, 58, 270-279.  

Markman, E.（1979）. Realizing that you do not understand：Elementary school 

children’s awareness of inconsistencies. Child Development, 50, 643-655. 
Mastropier i,  M. A.,  Scruggs,  T. E. (1997).  Best  pract ices in promoting 

reading comprehension in students with learning disabilit ies:  1976 
to 1996.  Remedial and Special Education, 18 ,  197-213. 

MacArthur,  C. A., Ferretti, R. P., Okolo, C. M., & Cavalier, A. R. (2001). 
Technology applications for students with literacy problems: A critical review. 
Elementary School Journal, 101, 273-301. 

Mayer, R. E. (1996). Learning strategies for making sense out of expository text: The 
SOI model for guiding three cognitive processes in knowledge construction. 
Educational Psychology Review, 8, 357-371. 

Mathes, P. G., Torgesen, J. K., & Allor, J. H. (2001). The effects of peer-assisted 
literacy strategies for first-grade readers with and without additional 
computer-assisted instruction in phonological awareness. American Educational 
Research Journal, 38, 371-410. 

Montali, P. & Lewandowski, L.(1996). Bimodal reading: Benefits of a talking 
computer for average and less skilled readers. Journal of Learning Disabilities, 
29, 271-279. 

Novak, J. D., & Gowin, D. B. (1984). Learning how to learn. Cambridge, London: 
Cambridge University Press. 

Palincsar, A. S., & Brown, A. L. （ 1984 ） . Reciprocal teaching of 

comprehension-monitoring activities. Cognition and Instruction, 1, 117-175. 
Paris, S., & Paris, A. H. (2001). Classroom applications of research on 
self-regulated learning. Educational Psychologist, 36, 89-101. 

Paris, S. G., Gross, D. R., & Lipson, M. Y.（1984）. Informed strategies for learning：



A program to improve children’s reading awareness and comprehension. Journal 
of Educational Psychology, 79, 1239-1252. 

Paris, S. G., & Jacobs, J. E.（1984）. The benefits of informed instruction for children’s 

reading awareness and comprehension skills. Child Development, 55, 2083-2093. 
Paris, S. G., & Oka, E. R.（1986）. Children’s reading strategies, meta-cognition, and 

motivation. Developmental Review, 6, 25-56. 
Pressley, M. ,Johnson, C. J., Symons, S., McGoldric, J. A., & Kurita, J. A. (1989). 

Strategies that improve children’s memory and comprehension of text. 
Elementary School Journal, 90, 3-32. 

Pressley, M., Goodchild, F., Fleet, J., Zajchowski, R., & Evans, E. D. (1989). The  
  challenges of classroom strategy instruction. Elementary School Journal,  

  89, 301-342. 
Rosenshine, B., & Meister, C.（1994）. Reciprocal Teaching：A Review of the 

Research. Review of Educational Research, 64, 479-530. 
Shaughnessy, M. F., & Baker, B.（1988）. Learning strategies：Teaching students how 

to learn.（ERIC Document Reproduction Service No. ED 300 357） 
Schmitt, M. C.（1987）. The effects of an elaborated directed reading activity on the 

metacomprehension skills of third grades. Unpublished doctoral dissertation, 
Purdue University, West Lafayette, IN. 

Short, E. J., & Ryan, E. B.（1984）. Metacognitive difference between skilled and less 
skilled readers：Remediating deficits through story grammar and attribution 

training. Journal of Educational Psychology, 76, 225-235. 
Taylor, B., Harris, L. A., & Pearson, P. D.（1995）. Reading difficulties：Instruction and 

assessment（2 nd ed.）. New York：McGraw-Hill. 

van Aar le,  E.J.M, & van den Bercken, J.H.L.(1999).  The development  of 
knowledge-based system support ing the diagnosis o f reading and 
spelling problems (II).  Computers in Human Behavior,  15,  693-712 

Wong, B. Y. L.（1985）. Self-questioning instructional research：A review. Review of 

Educational Research, 55, 227-268. 
 

 

 
 
 
 
 
 
 

Performance 

Text 

selecting 

attending 

integrating 

organizing 

Sensory memory Short-term memory 

Monitoring system 



 
 
 
 
 
 
 
Table 1   

Explanation of the System Agent and the buttons in the system toolbox  
Object Illustration and explanation 

 

1. The Agent has three functions: guidance for 
the work procedure, guidance for the user 
interface, and guidance for feedback  

Agent 

 

2. Right-click on the Agent and the system will 
provide the user with some explanation on 
the functions 

System toolbox 
buttons  Press the Read button to make the article selected by 

the user appear. 

 Press the Underscore button to underscore the 
highlighted text. 

 Press the Undo button to return the highlighted text 
to its original state. 

 Press the Voice button to convert the highlighted text 
to speech. 

 Press the Help button, and the intelligent Agent will 
pop out to give help messages.   

 Press the Add button to include new selection items. 

 Press the Delete button to delete added selection 
items. 

 Press the OK button, and the system will provide 
feedback based on the operations by the user. 

 Press this button, and the system returns to the 
Reading Strategy selection menu.  

 
 
 



 

Fig. 3-1,  Example of the interface for reading strategy instruction and example 

practice (using error detection) 

 

Fig. 3-2, Example of interface for reading the article and operating the strategy  

 

The reader uses the 
mouse to highlight the 
explicit or implicit 
contradictions in the 
article, and then presses 

Performance 
feedback in text 

Voice strategy by 
the Agent 

Underscore button 



Fig. 3-3, Example of the interface for feedback according to the operation process  

 

Fig. 3-4, Example of the interface of the reading process checklist  

 

 

Content of the 
reading process 
checklist 


