
Florida State University Libraries

Electronic Theses, Treatises and Dissertations  The Graduate School

2004

A System Architecture That Facilitates
Collaboration via Handheld Devices
(PDAS)
Jason T. Black

Follow this and additional works at the FSU Digital Library. For more information, please contact lib-ir@fsu.edu

http://fsu.digital.flvc.org/
mailto:lib-ir@fsu.edu


 

 
 
 

THE FLORIDA STATE UNIVERSITY 

 

COLLEGE OF ARTS AND SCIENCES 

 

 

 

 

A SYSTEM ARCHITECTURE THAT FACILITATES  

COLLABORATION VIA HANDHELD DEVICES (PDAs) 

 

 

 

By 

 

 

 

JASON T. BLACK 

 

 

 

 

 

A Dissertation submitted to the 

Department of Computer Science 

in partial fulfillment of the 

requirements for the degree of 

Doctor of Philosophy 

 

 

 

 

Degree Awarded: 

Fall Semester, 2004 

 

 

 

 

Copyright © 2004 

Jason T. Black 

All Rights Reserved 

 



 ii

The members of the committee approve the dissertation defense of Jason T. Black defended on 
August 9, 2004. 
 
             
        Lois W. Hawkes 
        Professor Directing Dissertation 
 
 
             
        Joseph Torgesen 
        Outside Committee Member 
 
 
             
        Ladislov Kohout 
        Committee Member 
 
 
             
        Gregory Riccardi 
        Committee Member 
         
 
             
        Daniel Schwartz 
        Committee Member 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Office of Graduate Studies has verified and approved the above named committee members. 
 



 iii

 
 
 

 
This research is dedicated to my Lord and Savior, Jesus Christ, without whom none of my 

progress would be possible.  It is through His grace and mercy that I have made it this far in my 

life, and I dedicate this research and any future work to Him.  To God be the Glory! 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 iv

ACKNOWLEDGMENTS 
 
 
 

I would like to first of all thank Dr. Lois W. Hawkes, my committee chair and advisor, who has 

provided so much support, wisdom, direction and encouragement throughout this process.  Your 

wealth of knowledge and experience was priceless, and you have definitely been a prototype for 

what I hope to be as an instructor and advisor.  Thank you so much for all that you have done. 

 

I would also like to thank the members of the Educational Technology group, who met with Dr. 

Hawkes each week for several years.  We have become a mini-family over this period, and I 

wish all of you the best in your research and careers. 

 

Finally, I would like to thank my family � in Tallahassee, Jacksonville, New York and Charlotte 

� for all of your prayers and support.  You truly have been very special to me during this time.  A 

very special thanks goes to my wife, April, for your undying love, support and dedication during 

those times that I have been �locked in my dungeon�.  I could not have finished this without you.  

Finally, I thank my children, Jada and Joshua, for your patience and understanding that �Daddy 

needs to work today�.  I can finally play with you now! 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 v

TABLE OF CONTENTS 
 
List of Tables ����������������������������� vii 
List of Figures ����������������������������... viii 
Abstract �������������������������������. ix 
 
1. INTRODUCTION ������������������������   1 

 1.1. Problem Area ������������������������   1 
 1.2. Goal of Research ����������������������..   2 
 1.3. Motivation �������������������������   3 
 

2. BACKGROUND RESEARCH �������������������   5 

 2.1.    Computer Assisted Collaboration ����������.�����...   5 
  2.1.1. Computer-Supported Collaborative Work (CSCW) �����....   5 
  2.1.2. Computer-Supported Collaborative Learning (CSCL) �����   7 
  2.1.3. Computer-Supported Intentional Learning Environments(CSILE)..   8 
 2.2 Non-Computerized Collaborative Methodologies ����.�.���.�   9 
  2.2.1. Class-wide Peer Tutoring (CWPT)������������.. 10 
  2.2.2. Peer-Assisted Learning Strategies (PALS) ���������. 11 
  2.2.3. Question-Answer Relationships (QAR) ����������.. 12 
 2.3 Need for Computers in Education ���������������... 13 
  2.3.1. Status of Technology in K-12 Schools ����������� 13 
  2.3.2. Status of Reading Comprehension in K-12 Schools ������ 15 
 

3. RELATED RESEARCH TOPICS �����������������. 17 

 3.1. Research on Handheld Computers ���������������. 17 
 3.2. Background of Paper Prototyping���������������� 19 
 

4. OVERVIEW OF SYSTEM ARCHITECTURE ������������. 20 

 4.1. High-Level System Model ������������������� 20 
  4.1.1. Server-Side Architecture Model ��������������21 
  4.1.2. Client-Side Architecture Model �������������� 22 
  4.1.3. System Hardware and Software Components���������24 
 4.2. Interface Components ����.����������������.. 26 
  4.2.1. Interface Devices�������������������... 26 
  4.2.2. Basic Input/Output Mechanisms �������������... 26 
  4.2.3. Additional Input � Speech Recognition ����������� 27 
 4.3. Collaborative Components������������������� 27 
  4.3.1. Shared Workspaces������������������... 27 
  4.3.2. Email Messaging �������������������.. 28 
  4.3.3. Personal Reflection ������������������... 28 
  4.3.3. Chat Messaging �.. ������������������.. 28 



 vi

5. IMPLEMENTATION OF PROTOTYPE SYSTEM ���������� 30 

 5.1. Paper Prototype Test ���������������������. 30 
  5.1.1. Participants ���������������������� 31 
  5.1.2. Apparatus ����������������������.. 31 
  5.1.3. Design and Procedure �����������������... 31 
  5.1.4. Tasks ������������������������. 32 
  5.1.5. Method �����������������������.. 32 
  5.1.6. Results �����������������������... 33 
  5.1.7 Discussion ����������������������. 34 
 5.2. Prototype System Development ����������������� 35 
  5.2.1. User Interface Layer ������������������. 36 
  5.2.2. Interface Flow Diagram ����������������� 37 
  5.2.3. Speech Recognition ������������������.. 43 
 
6. EVALUATION OF PROTOTYPE �����������������. 47 

 6.1. Review of Paper Prototype Test ����������������. 47 
  6.1.1. Pitfalls �����������������������. 47 
  6.1.2. Lessons Learned �������������������.. 47 
 6.2. Review of Prototype System Design��������������... 48 
  6.2.1. Pitfalls �����������������������. 48 
  6.2.2. Lessons Learned �������������������.. 49 
 

7. CONCLUSIONS �������������������������. 50 

 7.1. Overall Observations ��������������������� 50 
 7.2. Plans for Future Research �������������������. 50 
  7.2.1. Submission of Papers ������������������ 51 
  7.2.2. Continuation of Research Experiments ����������� 52 
 
APPENDIX ������������������������������.. 53 

REFERENCES ����������������������������. 54 

BIOGRAPHICAL SKETCH ����������������������� 59 

 
 
 
 
 
 
 
 
 
 
 
 



 vii

LIST OF TABLES 
 
 
 

1. Computer-Supported Collaborative Work .vs. Computer-Supported  
    Collaborative Learning�������������������.. 8 

 
2. Summary of Congressional reports on status of technology in  

    K-12 Education  ���������������������� 16 
 
3. J2ME architectural layout [Muchow, 2003]���������������.. 25 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 viii

LIST OF FIGURES 
 
 
 
1. High-Level System Architecture �������...�������� 21 
 
2. Layout of Server-Side Architecture ������...�������� 22 
 
3. Layout of Client-Side Architecture ��������������� 24 
 
4. Process Flow Diagram:  user validation phase. ����������.. 37 
 
5. Process Flow Diagram:  user lesson and questioning phases�����.. 38 
 
6. Introductory Screen ����������...����������.. 38 
 
7. The user id entry, the icon selection, and loading lesson screens���.... 39 
 
8. The story, help and diary screens���������������� 40 
 
9. The question-answering, chat, and workbook screens������...�. 41 
 
10. The chat and workbook screens����������.�����..... 42 
 
11. The question categorizing and question generation screens�����... 43 
 
12. Architecture layout of J2ME Mobile Media API������.���... 44 
 
13. Diagram of prototype processing of speech input���������... 45 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 ix

ABSTRACT 
 
 
 

This research examines the development of a system architecture for collaborative 

learning that combines feedback, group awareness, and chat in the form of both textual and 

auditory input.   The goals are to evaluate the capability of building such a model through the 

design of a prototype system, and to investigate the feasibility of implementing the prototype in a 

handheld learning environment.  This model can serve as a template for providing interface tools, 

communication strategies and data manipulation.  It is also easily adaptable and can be modified 

to support a variety of platforms, including both wireless and wired scenarios.   The mobility 

created via a wireless network provides the opportunity for users to move about collaborating 

freely without being tied to desks, workstations, or even laboratories.  The implementation of 

voice input for soliciting user data is important in settings where users are younger (i.e., 

elementary level users) or unable to manipulate the standard keypad or provide written input.  

This model when coupled with a proven collaborative learning methodology can be effective in 

assisting individuals in building cognition.  Also, the architecture can be used by others wishing 

to develop collaborative learning systems for handhelds, an area of research where such systems 

are nonexistent.  Because of the popularity of handhelds and their incorporation into a variety of 

settings, computer scientists need to be at the forefront in developing significant research 

projects that can investigate the capability, impact and extensibility of handheld computers.   

In the study, a paper prototype test was conducted to determine an optimum interface 

layout conducive to mobile interaction between users via personal digital assistants (iPAQ� 

PDAs).  The test responses confirmed that the interface design strategies decided upon prior to 

testing were consistent with user preferences, and that speech was indeed the preferred method 

of input for the target group (younger users).  The prototype system, developed using the Java 2 

Mobile Environment (J2ME) software platform and the Java Wireless Toolkit 2.1 development 

tool, presents a model for providing a variety of collaborative communication methods between 

users by incorporating both textual and voice input methods.  The architecture also provides a 

mechanism for handling networked messaging between users on a wireless network, and 

demonstrates that the model can be made adaptable to a wired network with little modification.   

The application of the prototype to a successful reading comprehension methodology � 



 x

Question-Answer Relationships (QAR), is demonstrated and lessons learned during system 

development are presented.  A discussion follows of future research strategies and remaining 

areas of application. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CHAPTER 1 

INTRODUCTION 

1.1. Problem Area 

 

 

It is apparent that many problems plague our current primary school students in the 

development of effective learning strategies.   The decline in test scores and increased dropout 

rate show that we are not meeting many of the educational needs of our students [Soloway & 

Norris, 1999; Norris, 1994].   In fact, many students are showing apathy towards the learning 

process and are not interested in the material being presented or the methodology used to present 

that material.  The question that many researchers are tackling is simple � what is the motivation 

behind this alarming trend, and what can be effectively done to reverse it? 

The growth in population and economic development in our nation has given rise to two 

major problems that educators must face.  First, our schools are seeing a rapid increase in 

diversity and cultural differences, creating a complex learning environment.   In other words, 

teachers must now be mindful of the differences associated with race, ethnicity, class, and gender 

when developing their classroom curricula.  Second, the rapid introduction and application of 

technology in our society is shifting to our primary schools and, as a result, creating an 

expectation that graduates are literate and competent in the norms and requirements of the 

workplace and the conduct of daily affairs [Damarin, 1998].  By definition this implies that 

students are not only able to read and write effectively, but are also familiar with and have 

expertise in the use of the available technology. 

Over the last ten years, our schools have sought to address the technology problem by 

introducing computers and computerized learning strategies in the classroom.  However, studies 

have shown that many of our schools are still lacking the technology and expertise needed to 

effectively employ this technology.  As evidenced by this data, a vast array of technology is 

available to enhance the quality of student performance and the means by which they learn, and 

in many instances, this technology is being tested and used.   According to the 1997 Report to the 

President by the Committee of Advisors on Science and Technology, a large amount of progress 

made in this endeavor has been in the areas of math and science, and has centered largely on 
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teaching isolated basic skills and for playing educational games.  It is stated here that more 

attention needs to be given to developing tools that will utilize new pedagogical methods based 

on a more active, student-centered approach that centers on developing higher-order reasoning 

and problem-solving skills.  The committee is very clear in its view that a marriage between 

researchers in both computer science and education is paramount to the development of software 

that facilitates these emerging cognitive learning strategies. It is stressed that computing and 

networking technologies must be incorporated by computer scientists and educators alike to 

provide students with the ability to acquire new knowledge to solve real problems, and to 

develop techniques to complete novel and complex tasks in a variety of areas.   

 

 

1.2. Goal of Research 

 

The goal of this dissertation is to examine the design and development of an architectural 

model providing for a user-centered collaborative environment.  Here, individuals have full 

control over their learning and see it as a purposeful activity.  Many of the current advancements 

in establishing these types of environments make use of constructivist theories which assert that 

knowledge is not only transmitted from teacher to student, but is also built or �constructed� in 

the mind of the learner [Lerner, 1997].  These have been implemented in paper-and-pencil 

settings and not computerized environments.  Therefore, any computer system developed with 

this type of learner-centered pedagogy at its core would allow students to take control of their 

own learning with the teacher as facilitator or guide of the learning process.  This would create a 

more robust and effective learning environment.  This system will incorporate the standard 

collaborative technologies � shared workspaces, chat, feedback, personal reflection, and 

consensus building � in providing an environment that aids productivity and learning. 

 Additionally, this research will examine the feasibility of such a model when 

implemented using a particular hardware platform.  Handheld computers, or personal data 

assistants (PDAs), have been selected as the platform of choice for a variety of reasons.  Their 

ease of integration is an important selling point [Inkpen, 1999].   Most computer users are 

already familiar with similar devices, due to the explosion that began in the 1980�s of cellular 

phones, personal organizers and small, handheld versions of classical video games (i.e., 
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Nintendo, Atari, Sega, etc).   From this exposure, users have already become acquainted with 

similar devices, and would have little difficultly learning to use one in a training or learning 

setting [Inkpen, 1999].  Additionally, their popularity rests largely in the fact that they are 

relatively inexpensive compared to personal computers, and have significantly increased their 

processing power to rival even that of desktop computers [SEIR-TEC, 2002].  They are also 

mobile, durable and convenient for the worker on the go.  Some researchers have begun to 

explore the possibilities of the collaborative potential of handheld computers, investigating role-

playing activities [Colella et. al., 1998], musical collaborations across devices [Inkpen, 1999], 

and using gene pools that are distributed across devices to develop animal species in the 

GeneyTM project [Inkpen, 2002].  These projects have only scratched the surface of what can be 

accomplished with handheld computers in the realm of collaboration.  This research seeks to 

explore their application in a largely unexplored domain � reading comprehension. 

 

1.3. Motivation 

 

 Collaborative learning is a methodology where students acquire and build their 

knowledge base by interacting with others within a group.  Studies [Mandryk, et. al., 2001; 

Norris, 1994]  have shown that students often learn better in this type of environment rather than 

in the individual, competitive classroom setting because the success of each individual often 

depends upon the success of the entire group.  Within a collaborative environment, students can 

demonstrate and share strengths with others in ways that would be very difficult (and possibly 

unacceptable) in the traditional competitive environment.  The technology currently available 

lends itself well to applying the collaborative approach to a wide variety of areas, but so far math 

and science have received the bulk of the attention. 

 Research has illuminated a great need for researchers to investigate how to turn the focus 

of developing computerized collaborative learning tools to areas beyond math and science.  One 

of the disciplines that could benefit significantly from such advancements is reading 

comprehension.  At the present, it is apparent that reading comprehension has emerged as a 

major problem area in American society [Vaughn, Klingner & Bryant, 2001].  According to 

recent studies on student reading nationally, almost 40 percent of fourth graders fail to read at 

their grade level [National Center of Educational Statistics, 1996; Mathes, et. al, 1999], and 
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children identified as learning disabled make little to no gains in reading from year to year 

[Klingner, et. al., 1998; Vaughn, et. al., 1998].   A major reason for this deficiency lies in the 

diversity of school classrooms and teaching styles.  Schools are more diverse than at any other 

time in the history of our country [Mathes, Grek, et. al, 1999] and developing an approach that is 

appropriate for all students is often difficult.   Poor reading comprehension skills left unattended 

can lead to problems that affect society as a whole: 

! Among students, lack of reading comprehension skills can lead to poor self-esteem, lack 

of discipline and a higher dropout rate [Juel, 1996]. 

! Among adults, twenty-five (25) percent are functionally illiterate, which can often lead to 

unemployment and incarceration [Riley, 1996]. 

According to the 2001 report by the National Assessment of Education Progress [National 

Center for Educational Statistics, March 2001]: 

! Average reading scale scores for fourth graders showed thirty-seven (37) percent reading 

below their grade level, thirty-one (31) percent reading at their grade level twenty-four 

(24) percent reading proficiently and eight (8) percent reading at an advanced level; this 

shows very little change from 1992 to the present 

! The percentage of students that never read for fun increased from 1992 to 2000 (study 

showed that students that read for fun perform better on reading skills assessment tests) 

! Specifically for Florida students, the gap between best and worst readers, as well as 

between minority and non-minority readers, has widened in fourth graders and has not 

changed among eighth graders 

! Also in Florida, forty-six (46) percent of fourth graders are reading below the basic 

reading level, with only twenty-three (23) percent reading at or above a proficient reading 

level 

 

Several programs have been implemented that have shown significant development in 

reading comprehension skills.  Among the most successful are Peer-Assisted Learning Systems 

(PALS) [Fuchs, et. al, 1997; Mathes, et. al, 1999; Fuchs, Fuchs & Kazdan, 1999], and Question-

Answer Relationships (QAR) [Raphael, 1982; McIntosh & Draper, 1996; Ezell, et. al, 1992; 

Ezell, et. al., 1996].  While each has been successful in given scenarios, the latter technique, 

QAR, has shown to be a particularly effective supplement to a classroom reading program.  
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Question-Answer Relationship (QAR) teaches students to read by recognizing relationships 

between questions and possible sources of information, either in the text or in the reader�s 

background [Raphael, 1982].  Several studies have shown that students were capable of 

generating and answering questions that enhanced their comprehension and led to independent 

processing and development of knowledge [Ouzts, 1998].   

Thus, in summary, the goals of the research are to: 

o Develop a system architectural model supporting mobile collaboration via 

wireless textual and voice communication 

o Examine the feasibility and efficiency of applying the model to the handheld 

computer platform.  

o Investigate the application of the model via a prototype system for learning in a 

non-science domain � reading comprehension. 

and, 

o Present an example of the merging of the prototype with a proven comprehension 

strategy, QAR. 

It is the hypothesis of the researcher that the combination of computer application tools with 

proven collaborative learning strategies can only serve to enhance the overall learning 

environment, as well as address a definite need for research involving collaboration via 

handhelds.  
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CHAPTER 2 

 

BACKGROUND RESEARCH 
 
 
 

There is a wide range of literature detailing studies on technology in the classroom, 

collaboration and reading comprehension.  This section will discuss several of those studies by 

looking first at research related to computer assisted collaboration.  Next there will be an 

examination of the traditional or non-computer collaborative methodologies that have proven 

successful in aiding learning.  Finally there will be a discussion of the need for computers in 

education, particularly those areas of the curriculum that are non-science and mathematical. 

  

2.1.   Computer-Assisted Collaboration 

 

The fact that the technology currently available is applicable to a collaborative 

environment is not being lost on researchers.  Many studies have been introduced that employ 

the techniques of collaboration and cooperation merged with technology such as electronic mail, 

bulletin boards, network communication and other multimedia strategies to provide a truly 

student-centered constructivist learning environment.  Several of those include Computer-

Supported Collaborative Learning (CSCL), Computer-Supported Collaborative Work (CSCW) 

and Computer-Supported Intentional Learning Environments (CSILE), and are discussed below. 

 

2.1.1. Computer-Supported Collaborative Work (CSCW) 

 

 The focus of research on collaboration and cooperation has lead to some significant 

advances in the application of technology to productivity and learning, both in academia and 

industry.  Two very important advances in this trend are Computer-Supported Collaborative 

Work (CSCW) and Computer-Supported Collaborative Learning (CSCL).  While the two 

research areas are very similar in the sense that they both seek to employ the use of computer 

technology in a group effort, the difference lies in the individual�s basic objectives, context and 

motivation [Lewis, 1997].  It would be helpful to examine the two areas separately and in detail. 
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 Irene Greif, considered to be the founder of research in the area of Computer-Supported 

Collaborative Work, defines the term as �study of how people work with computers and how 

they can work with each other using them� [Bannon, 1993].  Bannon [Bannon & Schmidt, 1991] 

later strengthened this concept by defining CSCW as �an endeavor to understand the nature and 

requirements of cooperative work with the objective of designing computer-based technologies 

for cooperative work settings.�   In other words, CSCW unites individuals whose primary goal is 

work and whose environment is a community with shared goals.  The systems employing CSCW 

share three basic characteristics:  1) individuals engage in teamwork; 2) common goals are 

pursued; and 3) computer technology is utilized [Weisburg, 1999].  In order for this system to 

work effectively, certain considerations regarding team environment, team effectiveness and the 

correct integration of technology must be met [Zack & Serino, 1996].    

 CSCW has often made use of some widely used technological advances in order to 

maintain its effectiveness, including Computer-Mediated Communication (CMC) and 

Groupware.  CMC includes the use of the Internet, Intranet and other network services and 

multimedia applications to support collaboration (including email, chat, videoconferencing, etc).  

Groupware is software that provides an environment enabling two or more individuals to work 

together in a shared space.  It is important that any groupware used has the capability of 

amplifying the potential of shared spaces to accommodate the growth of collaborative computing 

[Schrage, 1995; Hills, 1997].   An example of this shift is the introduction of a new acronym � 

WYSIWIS (�What You See Is What I See�), which not only provides the traditional 

teleconferencing and whiteboard capabilities of current systems, but also incorporates 1) shared 

visual and oral understanding; 2) simultaneous writing and speaking; and 3) equal access to data 

among participants [Weisberg, 1999].  Several prototype systems based on WYSIWIS have been 

developed at Xerox, General Motors, IBM and NTT Labs in Japan [Schrage, 1995; Honeycutt, 

1997]. 

 Other examples exist that demonstrate the effectiveness of CSCW environments, 

including the CoDesk [Marmolin & Sundblad, 1994] and the InterMed �collaboratory� [Barnett, 

et. al, 1996; Kouzes, et. al, 1996].  Other advances have been seen in education and professional 

levels [Kouzes, et. al, 1996], some involving peer-to-peer collaboration, mentor-to-student 

collaboration, interdisciplinary collaboration and producer-consumer collaboration [Weisburg, 

1999].  The challenges facing this research involve developing software that makes good and 
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efficient use of a �user-centered design�, as proposed by several researchers [Landauer, 1995; 

Norman, 1988; and Shneiderman, 1987].  Other areas of concern include lack of standards and 

support for development from organizations.  In addition, the general nature of the organizational 

culture promotes competition over cooperation, which can be a hindrance to the groupware 

concept.  The research lends credence to the idea that CSCW can only be successful in 

organizations that have an inherent collaborative culture. 

 

2.1.2. Computer-Supported Collaborative Learning (CSCL) 

 

 In contrast to CSCW, which centers on the work environment, Computer-Supported 

Collaborative Learning (CSCL) deals with developing instructional tools that promote learning 

through collaborative efforts among students working on a given learning task [Kumar, 1996].   

Other differences between CSCW are more specific.   CSCW concentrates on communication 

while CSCL centers on what is being communicated.  CSCW has as its focus the business 

environment while CSCL is designed for the educational arena.  CSCW supports the 

development of business group activities and productivity while CSCL supports the scaffolding 

or construction of collaborative learning techniques among students.  

 

Table 1 � Computer-Supported Collaborative Work .vs. Computer-Supported Collaborative Learning 

 CSCW CSCL 

Communication Attention on the communication 
Attention on what is being 

communicated 

Primary Focus Group Business Environment Educational Environment 

Type of tasks supported Business group activities 
Collaborative Learning / Cognition-

building activities 

 

 

 Researchers [Dillenborg et. al, 1994; Wilson & Cole, 1994] have identified several major 

theories of learning that can be employed by a CSCL system, including:  1)  Socio-cultural 

theory (learning stems from interpersonal rather than intra-personal interactions [Vygotsky, 

1978]);  2) Socio-constructivist theory (interactions between collaborators is more important than 

the collaborative actions themselves [Dillenbourg et. al, 1994;  Doise & Mugny, 1994; Blaye et. 
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al, 1990, Blaye, 1989]);  3) Shared cognition (the facilitating of knowledge where collaboration 

is the building block of shared knowledge and natural learning the end result [Brown, Collins & 

Duguid, 1988]); and 4) Distributed cognition (emphasizing the reciprocal development of 

cognition stemming from shared interactions between learners [Dede, 1996]).  Each theory 

examines student learning in terms of the environment in which learning is done.   They each 

work from the premise that individuals are active agents that are purposefully seeking and 

constructing knowledge within a meaningful context [Hsiao, 1996]. 

 Many CSCL systems have been developed and used with varying levels of success, 

among them ODYSSEUS [Wilkins, 1988], NEOMYCIN [Clancey, 1984], SHERLOCK [Katz & 

Lesgold, 1993],  and MEMOLAB [Dillenbourg et. al, 1994].  Several additional areas of further 

research in CSCL have been proposed by computer scientists, including identifying appropriate 

collaborative domains, correct application of collaborative learning techniques for a given 

domain, the examination of roles of collaborative agents, use of CSCL systems in real-time 

networked environments, the appropriate interfaces and communication languages for use in 

CSCL systems, and effective diagnosis and feedback in CSCL systems [Hsaio, 1996]. 

 

2.1.3. Computer-Supported Intentional Learning Environmetns (CSILE) 

 

 Computer-Supported Intentional Learning Environments (CSILE) is a concept developed 

by Scardamalia and other researchers as a template for computer-supported learning 

environments.  CSILE is essentially database software that provides tools for organizing and 

storing knowledge as a means of sharing information and thoughts with peers, supporting both 

individual and collaborative learning [Cohen, 1995].  Students work individually or in small 

groups to generate and comment on solutions to problems posed by the teacher or other students. 

The CSILE environment can be used by researchers to evaluate student understanding and guide 

discussion to a deeper level. 

 CSILE grew out of previous research in the past decade on Computer-Aided Instruction 

(CAI), and the need to support the designing of systems that assisted students in learning how to 

learn, how to set cognitive goals, and how to apply effective strategies for comprehension, self-

monitoring and knowledge organization [Scardamalia et. al, 1989].  CSILE has been used to 

create a learning environment where students are responsible for knowledge construction 
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through problem-solving tasks, essentially pushing overall learning to higher levels [Cohen, 

1995].  One of Scardamalia�s main objectives was to develop software that could support 

reflection, problem solving and learning by making it as intelligent as possible and demanding as 

little previous domain knowledge as possible from the user [Scardamalia et. al., 1989].   In 

CSILE, students generate an electronic notebook containing graphic and text notes representing 

collaborative ideas.  The notes reside in a collective database which can be accessed by group 

members for browsing, resolving conflicts, and building new ideas.   Later versions of CSILE 

have added additional collaborative mechanisms, such as explanation seeking, theory building, 

reflection, and other socio-cognitive operations that aid in understanding [Scardamalia & 

Bereiter, 1996].    

Scardamalia developed a series of guidelines that should be met when examining how to 

effectively integrate CSILE into the educational curriculum [Scardamalia, et. al, 1989].  It is the 

belief of many researchers that eventually CSILE can be enhanced and refined to the point where 

it may be able to serve as the standard of learning software throughout the educational 

curriculum for all age groups [Cohen, 1995; Scardamalia, et. al., 1989]. 

 

  

2.2.  Non-Computerized Collaborative Methodologies 

 

 Collaborative learning provides an environment designed to enrich the overall learning 

process though the use of interactive partners and rich social contexts.  Here, students work alone 

or in groups to complete a set of tasks, usually lessons, where they assist each other in learning 

[Crooks, 1998].   In other words, collaboration provides an environment where students interact 

with peers (either computer or human in origin) to solve a given set of problems. 

 In collaborative learning, there is a sharing of authority and acceptance among members 

of the group for the actions of the group.  The goal in a collaborative learning environment is 

consensus building though the cooperation of group members on solving the task, 1996].  Here, 

subtasks are often divided among individuals in the group and completed and submitted to the 

group for approval and acceptance.  This environment is largely student-centered, where learning 

and progress is driven by the students themselves and by their understanding of what is expected 

of them [Panitz, 1996]. 
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 Many studies have been introduced that employ various cognitive learning techniques in 

collaborative environments.  Class-Wide Peer Tutoring (CWPT), Peer-Assisted Learning 

Strategies (PALS) and Question-Answer Relationship Techniques are all significant 

methodologies that have proven to aid in cognitive development, and each are discussed in 

subsequent sections. 

 

2.2.1. Class-Wide Peer Tutoring (CWPT) 

 

 Class-Wide Peer Tutoring (CWPT) was originally developed by researchers [Delquadri, 

Greenwood, Stretton & Hall, 1983] as a method for improving overall student achievement and 

academic response time.  In CWPT, students in a classroom environment serve in reciprocal 

roles � each student as both the tutor and the tutee during an academic session.  Some of the 

benefits of CWPT instruction methods include a) more time on task during instruction, b) 

immediate and specific feedback through peer error-correction, c) practice in both teaching and 

learning, and d) more social and academic inclusion from peers [King-Sears & Bradley, 1995]. 

 Though students teach during the process, the role of the teacher is critical to the success 

of a CWPT program [Miller, 1993].  In this effort, the teacher must prepare materials, train 

students, implement the program, and measure student progress.  Upon implementation, the 

teacher�s role changes to monitor, where the goal is to ensure procedures are being used correctly 

and to provide assistance when necessary.  And as it relates to measurement, the teacher needs to 

evaluate results (test scores, performance measures, etc) carefully, set clear and responsible goals 

for subsequent sessions, and remain creative and open to ways to expand student knowledge. 

CWPT has been demonstrated to be successful in a variety of disciplines.  Many of the 

advancements have been in math and spelling, but other areas have also demonstrated 

achievements in learning abilities of pupils involved.  Among these are word definitions, 

identifying examples and non-examples of concepts, procedural steps for problem solving, 

mapping skills and cause and effect situations [King-Sears & Bradley, 1995].  Though 

implementation of CWPT is more time-intensive than traditional teaching, the gains are 

significant, for it frees the teacher to spend less time reinforcing instruction material and more 

time on individualized instruction.  Fulk [Fulk & King, 2001] provides a set of guidelines for 
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implementing CWPT that has proven very helping for teachers seeking to improve learning for 

all students in the classroom, regardless of ability. 

 

2.2.2. Peer-Assisted Learning Strategies (PALS) 

 

 Because of the success of the CWPT research, several extensions of this theory have been 

developed and implemented.  One of the more productive of these is Peer-Assisted Learning 

Strategies (PALS), developed by Fuchs and colleagues, which has as a goal the incorporation of 

practice on basic reading strategies.   PALS grew out of the research on peer-mediated 

instruction or peer tutoring, which has shown to produce increases in learning of students with 

various backgrounds [Arreaga-Meyer, 1998; Greenwood & Delquadri, 1995; King-Sears & 

Bradley, 1995].  In PALS, higher-level readers are paired with lower-level readers to conduct 

reading instructional activities, such as story sharing, sounding out of words or other 

phonological sounds, and paragraph summarization.   These students will alternate roles during 

the completion of these activities, in order to gain experience as both teacher and student.  These 

activities are designed to stress the acquisition and development of abilities such as fluency and 

comprehension [Falk & Wehby, 2001].  Students are often awarded points for good performance 

and successful completion of activities.  In these studies, the students introduced to the PALS 

environment have consistently shown greater progress than their counterparts in non-PALS 

classrooms.   

 PALS has been evaluated and implemented successfully across grade levels [Fuchs et. al, 

1997; Fuchs et. al, 1994; Fuchs, Fuchs, & Kazdan, 1999].   These efforts have not only shown to 

improve the quality of reading among such students, but also focused on improving the 

processing of textual information.   Other PALS studies have enhanced PALS to focus 

successfully on the very young grades (Kindergarten and First Grade) [Falk & Wehby, 2001; 

Mathis & Babyak, 2001; Mathes et. al, 1998; Mathes, Howard & Torgesen, 1998].  The studies 

demonstrated that the lowest achievers (at risk of being labeled learning disabled) make more 

pronounced gains of reading achievement than those lower achievers receiving traditional 

reading instruction.  The gains are more varied among middle and higher achievers using PALS, 

but are still significant when compared to those in the traditional environment.   PALS has also 

been extended to other grades beyond six as well, yielding favorable results [Fuchs, Fuchs & 
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Kazdan, 1999; Walberg, 1984; Fuchs et. al, 1994; Wiegmann, Dansereau & Patterson, 1992].  

Results from these studies also show that students in the PALS group improved their reading 

comprehension scores significantly more than those in the traditional environment.   In addition, 

student attitude towards reading improved greatly among those using PALS, with those students 

reporting working harder to improve their performance.   

PALS has been proven to be an effective tool for improving reading skill acquisition and 

reading comprehension across various reading levels and grades.  An effort merging this type of 

collaborative technique with the real-time communication facilities of a computerized 

environment can only serve to enhance the gains already seen by such a strategy such as PALS.  

 

2.2.3. Question-Answer Relationships (QAR) 

 

 The Question-Answer Relationship (QAR) strategy was developed by Taffy Raphael 

[Raphael, 1982] as an instructional activity for helping students develop reading comprehension 

skills by answering questions based on text.  Raphael�s intent was to show that students capable 

of generating and answering questions enhanced their comprehension skills [Ouzts, 1998].  

Raphael developed this methodology based on Pearson and Johnson�s taxonomy of questions 

[Pearson & Johnson, 1978] as textually explicit (desired information stated explicitly in the text), 

textually implicit (desired information is located in the text but requires integration of textual 

material), and scriptally implicit (desired information must be obtained from the reader�s 

knowledge and experience).  The major thrust of QAR instruction is teaching the students three 

comprehension strategies:  a) finding information, b) determining textual structures and how they 

convey information, and c) determining when to apply inferences to determine meaning [Ezell, 

et. al., 1992]. 

 In defining this paradigm, Raphael developed four question types that dictate the 

processing of information in the text.  These question classifications include �Right There� 

questions (the answer is located within the text in an easily located sentence), �Think and 

Search� questions (the answer is located in the text within two or more sentences), �Author and 

You� questions (the answer is located in the text but is not stated explicitly), and �On Your 

Own� questions (the answer is not located in the text but requires input from the user�s prior 
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background knowledge).   This classification of questions has been shown to be an effective 

method of teaching students how to answer questions independently. 

 Learners are asked first to read a passage, and then answer questions from one of the 

categories mentioned above regarding what was read.  The learner is also asked to identify the 

type of question presented (using the above classification).  Upon completion, the learner is then 

asked to generate questions from one of the categories.  This process is usually done 

reciprocally, with individuals taking turns as tutor and tutee.  The intent of this process is to 

assist the students in becoming more metacognitively motivated through answering and asking 

questions [Johns, Peterson & Spivey, 2000].  Another goal is the eventual progression from 

group learning to independent activities [Raphael, 1986], with students becoming so familiar 

with the practice that they can apply the techniques automatically.  Finally, QAR strategies can 

enable student to be able to transfer meaning of what is read to understanding the world around 

them [Ezell et. al., 1992]. 

 QAR has been beneficial to educational research in that it not only has demonstrated the 

ability to improve comprehension skills of student participants, but has also shown effective 

implementation of peer-assisted learning strategies.  It would be interesting to see if applying 

QAR to a computerized learning environment would produce a more efficient reader.   

 

 

2.3. Need for Computers in Education 

 

 

2.3.1. Status of Technology in K-12 Schools 

 

 One of the more visible studies on the status of technology in our schools was done in 

1997 by the President�s Committee of Advisors on Science and Technology Panel on 

Educational Technology [March 1997].  This committee collected data from a number of 

academic and industrial researchers, educators, software engineers, government entities and 

professional organizations to determine how well technology has been implemented in K-12 

education.  The study concluded that, at the elementary level, computers are widely used for 

educational games and for introducing and reinforcing isolated basic skills, and not as much as a 

tool for writing, social studies or other areas outside of math and science [see Table 1].  It should 

be noted that while some schools have made efforts to expand the technology to these areas, this 
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represents a small percentage of K-12 schools nationwide.  In addition, while the Internet is 

available in almost ninety-three (93) percent of all schools, the majority of these schools do not 

make this technology available to the students, tending to provide accessibility to teachers and 

administrators only.  The study also concludes that the constructivist method of teaching can not 

only serve to engage the student�s learning, but also can involve the parents and other members 

of the surrounding community as well, essentially producing a positive effect on education 

outcomes.  The committee recommends that this type of teaching become a focal point of more 

schools and in more areas of the curriculum.  It is also recommended that more support be given 

to research aimed at integrating new forms of educational software into the curriculum that will 

be designed around new pedagogic methods emphasizing the student-centered approach to 

learning.  The report suggests that a large-scale effort of rigorous, systematic research in both 

computer science and education will ultimately serve to improve the effectiveness of technology 

in the nation�s schools.    It is stressed that this initiative should include:  1) basic research in 

various learning-related areas and relevant technology; 2) development of new forms of 

educational software; and 3) large-scale empirical studies designed to determine which methods 

are most effective when put in practice.   

Another study detailing the status of the use of technology in the classroom was 

conducted by the Education Testing Service [Computers and Classrooms, The Status of 

Technology in U.S. Schools, 1997].  The purpose of this study was to examine the access of 

schools to technology and how effectively that technology is being used, as well as to investigate 

the issues involved in connecting teachers to this technology and the quality of educational 

courseware available.  The report concluded that schools over the past decade have greatly 

increased the amount of technology available to students � computers, access to the Internet, and 

multimedia machines are present in over eighty (80) percent of the nation�s schools � but these 

advances are not as significant in poor and high-minority schools [Table 1].  As it relates to the 

effectiveness of the technology available, drill-and-practice software was the most pervasive 

form available and has been effective in producing achievement gains in students.  However, the 

study likewise recommends that emphasis be placed on developing courseware that is designed 

based on how students learn, and this should be effectively integrated into the teaching and 

learning activities of the classroom.   It is recommended that partnerships among developers, 

teacher groups and private and public agencies be formed to help offset the cost of such research.     
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Table 2 � Summary of Congressional reports on status of technology in K-12 Education 

REPORT STATISTICS 

President�s Report to 

Congress on status of 

technology in K-12 [1997] 

Educational Testing Service 

Report on status of 

technology in K-12 [1997] 

Presence of Computers in Schools  

Over 98% own computers 
Over 38% use LANS 

Over 85% multimedia  machines 

Most Prevalent use of Computers 

in Schools 

Educational Games 
Teaching isolated skills 

Writing tasks 
Playing Games 

Most Prevalent Form of Software 

Used 
Drill and Practice Drill and Practice 

Most Prevalent Subject Where 

Software is Used 

Mathematics 
Science Subjects 

Mathematics 
Science Subjects 

Recommend Focus Be Given to 

Development of Student-Centered 

Learning Software 

X X 

Recommend Focus Be Given to 

Constructivist Teaching 
X X 

Recommend Partnerships between 

Computer Scientists and 

Educators in Development of 

Learner-Centered Software 

X X 

Recommend Large-Scale 

Research Effort by Computer 

Scientists in Development of this 

Software 

X X 

 

 

2.3.2. Status of Reading Comprehension in K-12 Schools 

 

Both of the previous studies showed drill-and-practice software to be one of the more 

successful tools being used in K-12 schools.  However, the majority of these programs are being 

used in mathematics and science learning efforts.  A study by the National Assessment of 

Education Progress [National Center of Educational Statistics, 2001] identified reading 

comprehension as a major area of concern.    Other studies have shown that students identified as 

poor readers or learning disabled make little or no gains from year to year and are prone to low 

self-esteem and learned helplessness [Klingner, et. al., 1998].  It is clear to see that this trend can 

also lead to poor results on college entrance exams, such as the SAT or ACT tests, causing many 

of these students to have measured difficulty in gaining admission to institutes of higher 

learning.  More drastically, studies have shown that these students have a more likely chance of 

not completing school at all [Juel, 1996].  Thus, it is clear that developing programs to prevent 

early reading failure is an issue of immediate importance. 
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Researchers have developed several strategies for dealing with the problem of reading 

comprehension, and have met with considerable success in some situations.  Yet, incorporating 

technology into the implementation of these strategies is still a horizon issue.  The problem that 

teachers face is that even if the technology was present in the method, the curriculum has not 

been effectively designed to incorporate these strategies, and in many cases this does not offer 

the teachers much flexibility in their presentation of such material.  As mentioned earlier, in 

order for an effective pedagogic methodology for improving reading comprehension to be truly 

successful there has to be a concentrated effort of infusion, presentation and monitoring of the 

use of technologically-enhanced methodologies into the school curriculum.  And it is imperative 

that computer scientists be at the forefront of the effort to incorporate technology effectively into 

the learning process. 
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CHAPTER 3 

RELATED RESEARCH TOPICS 

 

  

The objective of the research is the development of an architecture supporting a 

computer-supported learning environment that facilitates collaboration via wireless 

communication using handheld computers.   The horizon is bright for handhelds in learning, as 

their portability and mobility allow individuals to no longer be bound to one location, but instead 

frees them to work continually as their location changes.  The user interface implemented in the 

proposed system incorporates several of the proven computer science techniques that facilitate 

collaboration - shared workspaces, group awareness and partner recognition, wireless 

communication protocols, and voice input � and provide for tracking of user progress and 

preferences.  Each of these, while having shown to be a proven technique for effective 

collaboration, has yet to be investigated when applied to the wireless handheld environment.  

And, once such an interface has been designed, it can be incorporated in a multitude of training 

and learning situations � cross-discipline, cross-grade and age-level, and even cross platform.   

 This section will present an overview of significant research involving handheld 

computers and their advantages and disadvantages in being used for research.   Following that is 

a discussion of a proven method of developing interfaces for such devices � paper prototyping.   

 

3.1. Research on Handheld Computers 

 

 Handheld computers include those devices that are commonly called personal digital 

assistants (PDAs) and others that have emerged from this framework.  The devices evolved from 

the original PDA, the Apple NewtonTM, which was developed  and sold in 1993 [SEIR-TEC, 

2002].   Handheld computers use a variety of input schemes, including onscreen keyboards 

(touch screens), character recognition (i.e., Graffiti handwriting recognition programs), voice 

input, and attachable external keyboards.  Handhelds also have the capability of �synching� or 
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connecting with a personal computer (either via cable or wirelessly) in order to download/upload 

software or data, or to install new software.   

 There are a number of research projects being conducted that seek to investigate an 

effective method of incorporating computers into the educational curriculum.  It is significant to 

note that computer scientists are conducting a large portion of this research.  A major player in 

this realm is Elliot Soloway, who is one of the founders of the Highly Interactive Computing in 

Education (Hi-Ce) at the University of Michigan, dedicated to exploring ways in which 

computing and communications technologies can bring a constructivist approach to K-12 science 

classrooms (www.hi-ce.org/hiciinformation/index.html).  [Day, Sullivan, Spitulnik & Soloway, 

1994].   Another major player in this initiative is Cathleen Norris, who is the President of the 

National Educational Computer Association (NECA), which is devoted to investigating ways to 

integrate learning technologies into the classroom, as well as developing guidelines that address 

the unique technology needs of children in education [Norris & Soloway, 2000].    

One of the most popular projects involving PDAs is the Pittsburgh Pebbles PDA Project, 

conducted by the Computer Science Department at Carnegie Mellon University [Nichols, 2001], 

which examines the use of existing interfaces on everyday appliances by providing remote 

control access via handheld computer.  Also, the Computer Science Department at the University 

of California-Berkeley has pioneered the use of the �peephole display� [Yee, 2003], which 

presents an interaction technique that creates a small virtual window (or �peephole�) on a large 

workspace, where the device is moved around in space to see larger amounts of the workspace 

than what is displayed by keeping the device stationary.  Michigan State University has 

developed the Pocket Pavillion, a collaborative Internet browsing application running on a 

wireless handheld network environment [McKinley & Li, 2000].  Simon Fraser University in 

Canada and the University of California-Berkeley have partnered to examine the effect of the 

enhancement of a Palm-based computer game called GeneyTM to incorporate collaboration via 

shared displays [Mandryk, Inkpen, et.al., 2001].   

 These studies show a research area in its infancy, and illustrate the need for computer 

scientists to be involved in more research involving handheld devices and collaboration.  A more 

detailed list of mobile devices projects being conducted by Computer Science Departments is 

found at the Campus Services: Special Projects informational website (a list of 20 Computer 

Science Department handheld devices research projects is located at 
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www.its.uiowa.edu/cs/sp/pda/universities.html#carnegie).   Moreover, handheld devices are 

equipped with collaborative interaction tools that can be utilized effectively to enhance learning.  

The proposal presented in this paper will address this significant need. 

 

3.2. Paper Prototyping 

 

Paper prototyping is a technique used by many application developers to determine the 

usefulness of the interface being developed [Weiss, 2003].  It is a low-cost, easily adaptable 

method of performing user testing of the screens and actions developed in the prototype [WM-

DataAB, 2000].  In paper prototyping, each screen is modeled using paper drawings, and 

designed to fit into a paper cutout of the device for which the system is being developed.  The 

screens contain representations of all of the features available on that screen � icons, forms, 

buttons, scrollbars, etc.  Once all the screens have been developed, users are asked to perform 

tasks as though they are actually sitting in front of the computer.  One of the developers serves as 

the �computer� and has the responsibility of shifting screens as governed by user actions and 

giving appropriate feedback.  The process is usually recorded using video cameras, with 

developers noting user reaction to system functions and feedback on design problems and 

suggestions. 

Paper prototyping has an advantage over online (or computer) prototyping systems in that 

it sidesteps the possibility of system errors arising when users are testing the system.  Any 

problems that may occur can be fixed immediately and testing can continue.  In addition, paper 

prototyping has been shown to engage the user in the development process more than online 

testing, since users are giving immediate feedback, seeing their suggestions being implemented 

on the fly, and feeling that they are actually driving the development of the system.  One 

drawback of paper prototyping is the often lack of consistency between the paper prototype and 

the actual system being built.  It is often difficult to intimately capture the look and feel of the 

final system using paper cutouts.  Nevertheless, research has shown that paper prototyping is a 

very effective tool for gauging whether or not the system interface is being correctly built and 

guiding developers toward the correct design methodology [Weiss, 2003]. 
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CHAPTER 4 

 

OVERVIEW OF SYSTEM ARCHITECTURE 

 
4.1. High-Level System Model 

 

 

 

 The architectural model developed in this research is demonstrated via a prototype 

system that allows users on individual handheld computers (PDAs) to collaborate on tasks using 

wireless communication.  The prototype uses a client-server approach for wireless 

communication [SEIR-TEC, 2002], which implies that devices are served by a central access 

point or base station, and communicate with the central access point through the network.  This 

method was chosen due to the fact that 802.11b, the protocol that is present in the types of 

handheld devices selected for the research, typically uses this approach.  The client-server 

configuration was also chosen because the architecture of the system takes advantage of the 

ability to run computation-intensive operations remotely on the more powerful server, and then 

download application-specific tasks to the handhelds [Omojokun, 2002].  In this system, the 

handhelds make requests for application-specific data (user preferences and progression 

information, domain-specific lesson material, etc) at start time and whenever needed.  Users 

work primarily on the handheld computers, reducing both the amount of network traffic between 

device and server.  And, when usage has completed, the handhelds synchronize with the server, 

uploading the same information (user preferences, progression data, and user tendencies) back to 

the server for storage in the database. 
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4.1.1. Server-Side Architecture 

 

 The server-side architecture and each of its components is illustrated below.  The server 

consists of Java Servlets, each responsible for managing and coordinating the requests that are 

received from the handheld application via wireless network.  Also located on the server is a 

collection of database files or tables that contain user and lesson-specific information (user 

profile data, user session data, lesson-specific materials, etc.).  Each of these components is 

described in detail below. 

 

 

 

Figure 2 � Layout of Server-Side Architecture 

 

 Image Manager Servlet.  The image manager servlet is responsible for receiving 

requests for image files from the client application, loading those files from the system database, 

and sending those files back to the client.  The request includes an image identifier that refers to 

the actual image file stored in the system.  The image is sent back to the client as bytes stored in 

byte arrays.  Once received, the contents of the byte array are converted back to an image, and 

that image is then displayed by the application.  Images are cached on the local device, 

minimizing the number of times this data is trafficked across the network.   
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 File Manager Servlet.   The file manager servlet receives requests for user-specific data, 

such as user profile data, user progression data, etc.  In most cases, the data sent back to the 

client is in the form of text stored in an OutputStream data object.  The text is then translated and 

used as required by the client.  The file manager servlet is also responsible for one-way 

communication between client and server, in the case where files are being written to only (such 

as with the action of updating the team journal and/or group workbook). 

 Message Manager Servlet.   The message manager servlet coordinates the sending of 

messages between clients (between two users working collaboratively in pairs), and between a 

client and the instructor (in the case where help is needed by the user).  The servlet channels help 

messages to the instructor via email messages, and monitors and maintains chat messages 

between team members.  The chat is coordinated in conjunction with other servlets as well (the 

file manager for example) to ensure that the most recent chat state is maintained between both 

clients.  These messages are received as a series of bytes that can be processed by the servlet.  If 

the request is to send a voice message, the servlet sends the bytes to a speech recognition servlet, 

which is responsible for translating that series of bytes into its text representation, and that text is 

sent back to the client to be displayed on the client�s screen.  This sets of servlets allow for any 

textual input to also be transmittable as voice input, to account for users who do not have strong 

typing skills. 

 Session Manager Servlet.    The session manager servlet is responsible for initiating the 

session by 1) validating user id and password upon login, 2) monitoring and tracking user 

collaborative activities (communication between users, updates made to journal or workbooks, 

emails sent to instructor, etc), and 3) storing session information in a format that can be easily 

assessable for reporting purposes (i.e., generation of session reports to be submitted to the 

instructor for modification of instruction.  Many of these tasks involve coordination between this 

servlet and other components of the server architecture.  

 

4.1.2. Client-Side Architecture 

  

Each handheld device is responsible for the handling the presentation of the system interface 

according to user preferences upon login.  This includes providing a mechanism for user login 

and icon selection, facilitating user progress during sessions, coordinating and providing for 

collaborative mechanisms at appropriate times, and submitting session information back to 
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server upon completion of session.  The components of the client-side architecture are described 

below and illustrated in Figure 3. 

 

 

Figure 3 � Layout of Client-Side Architecture 
 
 

 Midlet Interface Manager.   The midlet interface manager is the application interface, 

written in J2ME (Java 2 Micro Edition, the Java programming environment built specifically for 

mobile devices), that is presented to the user during a session.  The interface is modeled based on 

recommendations from the research [Waycott & Kukulska-Hulme, 2003], and with particular 

consideration of issues such as screen real-estate, text size, ease of movement between screens, 

and the age and experience level of users involved.  These topics will be further discussed in a 

later section. 

 Midlet Session Manager.    The midlet session manager is the background component 

that is the core of the application midlet.  It essentially uses a stack-like structure to manipulate 

the interchange of screens that are presented on the device screen (since a midlet can only 

display one screen object at a time).  The session manager also keeps a record of changes in user 

data as the user moves through the session (change in lesson numbers, question numbers, scores 

for answering questions correctly, etc), as well as the current state of some features of the 

interface (i.e., whether chat has been turned on or off, which menu bar options are enabled, etc). 
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 Local Device Cache.    The local cache is used for storage of data that is used during the 

session, such as image files and lesson material that are requested by the midlet when needed.  

The data stores for these items are overwritten as the user progresses through lessons in order to 

preserve memory space, which is usually quite limited on such devices.  The local cache is also 

used for storage of all other user and session related data type objects. 

 

4.1.3. System Software and Hardware Components 

 
 The client-side architecture is designed using the J2ME (Java 2 Micro Edition) 

development package.  J2ME has been quite successful in providing for development of 

sophisticated and robust applications for smaller, mobile devices such as handhelds, and for 

developing systems that are platform-independent.  J2ME is designed specifically for 

programmers building applications that are constrained by limited horsepower [Muchow, 2002].  

This is accomplished through the concept of a Configuration, which is a definition of a Java 

platform that is closely tied to a Java Virtual Machine (JVM) and which helps define the 

boundaries of memory, display, network capabilities, and processing power.  In addition, another 

aspect of the environment called a Profile is used to provide the libraries for writing applications 

for a particular device.  The profile (called a Mobile Information Device Profile (MIDP)) defines 

all APIs for user interface design, input and output, event handling and networking, taking into 

account device constraints and limitations. 

 The Configuration (called a Connected, Limited Device Configuration (CLDC) on 

mobile devices) is closely tied to a JVM (called a K Virtual Machine or KVM), and these 

together provide a Java implementation environment that closely resembles Sun�s JVM but 

meets the requirements defined by the CLDC.  A diagram of this relationship present in the 

J2ME environment is given below. 

 

 

Table 3 � 2ME architectural layout [Muchow, 2003]. 

 

Device Profile (MIDP) � contains APIs 

Device Configuration (CLDC) � contains core libraries 

K Virtual Machine (KVM) � Java implementation environment 

Host Operating System � Pocket PC 
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The system was developed using the Java Wireless Toolkit 2.1., which is a development 

environment for designing applications for mobile devices.  The toolkit enables programmers to 

define an emulator for the target device, and then compiling, executing and debugging J2ME 

with productive feedback.  And once an application is complete, it can be run in the toolkit with 

the emulator presenting the application almost identically to how it will run once ported to the 

device.  If all is well, the application can then be packaged into a JAR file that can be ported to 

and executed on the target device. 

 The application environment was hosted by the Pocket PC (formerly Windows CE) 

Operating System, which is Microsoft�s version of Windows for mobile devices.  Pocket PC was 

chosen over the Palm-OS environment due to improvements in processor power (up to a  

206MHz Intel processor on Pocket PC versus Palm�s 40 MHz Dragonball processor), memory 

(up to 256 MB RAM on iPAQ� verses 16 MB RAM on Palm devices), multitasking capability 

(supported by Pocket PC but not by Palm-OS), and expandability (a much greater variety of 

expansion ports and methods is available on Pocket PC devices) [Ball & Shilmover, 2002].  The 

Hewlett-Packard (hp) iPAQ� PDA was selected due to its Pocket PC platform base and 

significant processor power (256 MHz), memory (128 MB RAM), graphics capability (240 X 

320 pixel color display), networking capability (running Bluetooth 1.4.1.07) and wireless LAN 

capability. 

 The server was implemented via a Linux dedicated box made available to Florida State 

University students and faculty, upon which the Java 2 Standard Development Kit (J2SDK) and 

Apache Tomcat are installed.  All of the servlets are constructed in Java, which enables the 

environment to be easily ported to a variety of platforms and devices.  All of the J2ME 

networking APIs communicate efficiently with the Java networking APIs, making the 

handshaking between mobile device and server possible.  The speech recognition servlets are 

constructed in Java as well, using the Java Speech API package, available from Sun 

Microsystems, Inc. 
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4.2. Interface Components 
 

 

 The prototype interface consists of the standard Java interface devices that enable the 

user to interact with the system, as well as input and output mechanisms found on most handheld 

devices.  These components are described in more detail below. 

 

4.2.1. Interface Devices 

 

 The prototype interface contains basic Java interface features - forms, canvases, 

checkboxes, and buttons.  The forms and canvases are both subclasses of the Screen class 

defined by J2ME, which is responsible for all screen display objects.  As mentioned earlier, 

J2ME only allows one Midlet (J2ME�s name for an active running program) to be active at a 

time, and only one screen object to be displayed at a time.  To accomplish the effect of 

transitioning screens, the system uses a stack structure to manage screen activeness, and pushes 

screens onto the stack when activated, and pops screens off the stack when the user leaves that 

screen.  The management of all data accumulated while on an active screen is maintained during 

transitions by the Session Manager.   

 
 

4.2.2. Basic Input / Output Mechanisms 

 

 The prototype system utilizes the standard keypad input present with most mobile 

devices.  The keypad input is the standard keypad, which appears at the bottom on the display 

and contains all of the standard keys present on any QWERTY keyboard.  Users select keys by 

touching them with the stylus, and then touch the return key when finished. 

 The system also uses two additional optional input strategies � letter recognizer and 

transcriber.  The letter recognizer allows users to, after a training period, write letters using the 

stylus, which are �recognized� by the system and translated to their typed form. The transcriber 

working similarly, with users writing letters on a text pad, and these letters are converted to their 

typed format.  Both have significant learning curves on their usage, but once mastered can serve 

as very convenient input techniques. 
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4.2.3. Additional Input � Speech Recognition 

 
 Since the prototype system is designed to be adaptable to a variety of environments, it 

may be the case that the keypad, recognizer and transcriber are too complex in a setting of 

younger users.  Thus, the system also allows for Speech Input, where users are allowed to speak 

their messages into the system, and these messages are converted to text and displayed on the 

screen (or sent via email if needed).  This is done to take into account that younger users may not 

be good typists or even know how to spell well, but may still wish to enter data.   

 The ability to provide speech input for users is a major component of the architecture.  

The current research does not indicate any use of this feature in studies involving handhelds and 

collaboration.  In the math and science-centered applications, input is often simple, with users 

asked to select items or to enter numbers as part of equations.  This poses a problem in non-

science domains, where input may often be sentence-structured and much more verbose.  There 

needs to be an additional method of providing this type of input, and speech or voice input fills 

this need adequately.  A description of this process is given in later sections. 

 
 

4.3. Collaborative Components 
 

 

 The collaborative features implemented in the prototype system are shared workspaces, 

email messaging, personal reflection, and chat services.  These are implemented through wireless 

communication between the J2ME clients and the server.  The features and communication 

methods are discussed below. 

 
 
4.3.1. Shared Workspaces 
 
 The shared workspace is represented as a group workbook that is visible to both 

participants of a team.  Each user sees an up-to-the-second image of the workbook, and changes 

made (by entering data in the workbook) are broadcast to each user�s device.  The system 

synchronizes access to this feature, locking it while it is being written to so that changes can be 

implemented before additional writes are allowed.  The workbook enables each user to jot down 

notes that may assist the team in answering questions in later sessions.  These notes can be 

entered either by keypad or writing (textual) or by speaking the text (voice). 
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4.3.2. Email Messaging 

 

 The system allows users to send email to the instructor in the event that assistance is 

needed.  The sending of the message is implemented by the client sending a message to the 

server, and the server forwarding that message to the instructor�s email address.  A record of the 

transmittal is also stored by the server for reporting purposes.  Again, the message can be either 

in the form of text or voice input. 

 

 

4.3.3. Personal Reflection 

 

 The personal journal is used for reflection as the user moves through sessions.  Each 

journal is seen only by that user, and is updated upon request.  All additional entries into the 

journal are added to its previous contents, similar to writing in a paper journal.  The entries are 

recorded by being sent to the server for storage upon completion of the session period.  Upon the 

next login, the current contents of the journal are sent to the client should any new entries be 

desired.  As with all other methods of input, the user can provide the journal entry either through 

textual or voice input. 

 
 

4.3.4. Chat Service 

 

 The chat service is implemented similar to the standard chat service hosted by any 

internet service provider.  The system will register that a user wishes to chat and will send a 

message to the user�s partner that he or she wishes to chat.  Once a confirmation has been 

received by the partner, the chat session begins, with users typing in messages (or entering them 

via voice input) and those messages being displayed on the screen.  These messages are also 

recorded by the server for reporting.  When chat is no longer desired, the user indicates this and 

the session resume from its previous point.  The chat provides the users the opportunity to reach 

a consensus on certain learning tasks, and facilities the peer-tutoring methodology, both 

techniques present in successful collaborative environments. 
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CHAPTER 5 

 

IMPLEMENTATION OF PROTOTYPE SYSTEM 
 
 
 

The learning system modeled in this study was centered on a reading comprehension 

application.  As mentioned earlier, reading comprehension is an area of much concern in 

education, as educators and researchers alike are vigorously examining ways to improve the 

method by, and rate at which, students acquire reading comprehension skills [National Center for 

Reading Statistics, 2001].  Many studies have focused on reading, but few have incorporated 

handheld computers into this effort [Educational Testing Service, 1997].  This implementation of 

the prototype sought to examine the benefits of implementing such an application via handhelds 

with reading as its subject matter in order to determine the feasibility of applying the model to 

this platform. 

The process model of the prototype is modeled on the Question-Answer Relationship 

(QAR) collaborative reading exercises mentioned earlier.  In this process, students read a 

passage on the handheld display, and then are asked to answer questions downloaded from the 

server about what was read.  Once questions are answered, students must then identify the type 

of questions that are presented (Right There, Think and Search, Author and You, or On Your 

Own).  Students work in pairs while progressing through lessons, with each peer taking turns as 

tutor during completion of reading tasks.  The system will allow for limited collaboration during 

the learning process, as students will be able to chat with their partner during designated periods 

as well as utilize a shared notebook for group reflection.   Students can also record personal notes 

in the personal journal as they progress through the lessons.  All of the activities will be done on 

the PDA, with lessons being �beamed� wirelessly from the server to the PDA as requested, and 

student progression data being stored on the system server. 

Obtaining an optimum interface design strategy was a major aspect of the development 

process.  A paper prototype test was used to obtain answers on how to best design screens for the 

target user group � elementary school students.  The feedback and observations obtained from 

the paper prototype test were used in programming of the interface features of the prototype.  A 

discussion of the paper prototype test and the implementation of the system are discussed below. 
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5.1. Paper Prototype Test 
 
 
5.1.1. Participants 

 

The paper prototype study [Black, et. al., 2004 (in print)] was conducted with the 

assistance of a local after-school program, with students in the range of grades 2 to 4.  The study 

had 5 participants, who all indicated that they were familiar with handheld devices (3 out of 5 

had their own handheld video games at home).  The number of subjects selected was based on 

recommendations from Snyder�s research on the acceptable number of test subjects for a paper 

prototype study [Snyder, 2003].  Most had never previously seen or used a PDA prior to the 

testing period. 

 

5.1.2. Apparatus 

 

The study was conducted in a small computer room at the school, which was reserved for 

our use.  The room was arranged so that the subject could sit next to the �Computer� and be 

clearly seen by the observers monitoring the subject�s progress through the test.  The study was 

not videotaped in an effort to keep the subjects at ease, since younger subjects are often 

intimidated by a video apparatus during a session [Snyder, 2003]. 

 

5.1.3. Design and Procedure 

 

The study was conducted using models of the interface done on paper.  This involved a 

small cardboard representation of the shell of an hp iPAQ� PDA, the device that the system has 

been designed for.  Screens were constructed using cardstock paper that could be slid in and out 

of the cardboard shell, representing the changing of screens.  The screens were developed using a 

software drawing package, instead of the standard hand-drawn designs seen in many paper 

prototyping studies.   Students not very familiar with imagining what the interface would look 

like might have a difficult time understanding what they were seeing if the screens had been 

hand-drawn.  The neatly-drawn screens produced using a software package would be more 

readable and would give better response from these younger users.  
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5.1.4. Tasks   

 

The paper prototype testing centered around the completion of five tasks most 

signification to the functionality of the application:  1) logging into the system, 2) reading 

through textual paragraphs, 3) choosing answers based on the text passage read, 4) utilizing the 

chat/message sending facility, and 5) entering data into a personal notebook feature.  It was 

decided that these tasks were most common in the application, and therefore would provide the 

most reliable and comprehension information concerning the design and implementation of these 

features. 

 At the completion of each task, each subject was asked to talk about his or her experience 

with the system.  Observations were recorded concerning the subject�s likes, dislikes, difficulties, 

favorite features, and other general comments about the feature.  The comments obtained in these 

exchanges were used to modify the test to incorporate the recommendations prior to subsequent 

tests. 

 

5.1.5. Method 

 

Subjects were tested in 30-minute sessions, with 2 tests conducted on a given day.  Each 

subject was introduced to the testers and was given a gift (a movie pass) for his or her 

participation.  Then, the subject was given an explanation of what a paper prototype test 

consisted of, and was told that his or her assistance would help the developers in building this 

system.  Once the subject was ready, he or she was seated next to the �Computer� with the 

observers looking on. 

Each subject was then asked to complete each of the tasks listed above, with the question-

answer exchanges following each task.  After the completion of all 5 tasks, the subjects were 

thanked for their participation and were free to leave.  Notes from observers were discussed 

between tests, and modifications were proposed for future tests. 

Subject #1 was a fourth grader who was a good and constant reader, and was the only 

subject that had familiarity with a PDA, though not much exposure.  Subject #2 was a third 

grader who had some experience with computers, but was not a strong reader.  Subject #3 was 

the youngest of the group, a second grader with very little computer experience, but was a strong 
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reader.  Subject #4 was a third grader who had very little computer experience and was not a 

very strong reader.  Subject #5 was the oldest of the group, a fourth grader who had computer 

experience, but was having trouble reading at grade level.  All of the students had some exposure 

to the basic features of a computer application � buttons, passwords, pointers, etc. � and were 

eager to participate in the study. 

 

5.1.6. Results 

 

The results of the testing were very enlightening.  During the logging-in task, 3 of the 5 

subjects preferred writing their name to using the virtual keypad.  Of the 2 subjects that did 

choose to pick their letters using the keypad, one subject (Subject #4) had trouble navigating the 

keypad, and began pressing buttons on the bottom of the PDA instead of the buttons on the 

keypad.  This action resulted in �beeps� from the �Computer� indicating actions that were not 

allowed by the system, which further confused the subject.  But what was gathered from this 

subject was that he was familiar with GameBoy handheld computer games, which use the 

directional keypad on the bottom of the device for manipulation of all applications.  All subjects 

except Subject #1 had trouble finding the icon during the player selection phase.  All subjects 

had no trouble finding and clicking the �Done� button. 

All subjects were able to manipulate the reading task with no problems or difficulties.  

They all indicated that this task was easy to complete and was very enjoyable.  Again, the 

�Done� button was easily located and clicked to mark completion of this task. 

The question-answer task provided some good insight.  Subjects were able to move freely 

from page to page using the �Back� and �Next� buttons, and the positioning and size of the text 

in the passage was adequately displayed.  All subjects were able to complete this task easily, 

indicating that no significant modifications to this feature were necessary. 

The chat/messaging task perhaps provided the most valuable feedback.  All except one 

subject chose to speak their message instead of using the other input features (Subject #4 chose 

to use the keypad in all writing tasks), indicating that this will likely be a popular feature of the 

application and confirming the hypothesis that this feature would be effective.  However, two of 

the subjects were confused when faced with the submenu that appears with the speak feature, 

which asks them to click on the microphone to begin speaking and to click send to transmit the 
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message.  The two subjects were unsure what buttons to press and when to press send.  But once 

this was explained, the subjects were able to complete the task. 

Finally, the data entry task required them to use the textual writing, keypad or voice input 

to enter their name in the personal diary feature.  In all sessions, subjects were able to understand 

and manipulate the features of this task easily.   The choice of writing in the diary as opposed to 

using the keypad was selected by 3 of the 5 subjects.  All were able to enter the data with no 

problems and easily select �Done� to conclude both the test and the study. 

 

5.1.7. Discussion 

 

The feedback from the subjects and their choices and actions during testing gave us a 

good perspective into where our interface was initially inefficient and error-prone.  Several of the 

difficulties faced by the subjects were present at the same places in the system.   Below is a 

listing of those errors and a discussion of how significant those errors may be in overall 

efficiency of the system.  These errors have been corrected and/or modified, and are not present 

in current system designs. 

1) Confusion on wording of screens:  some of the wording of the instructions on some 

screens was confusing to the subjects.  It was decided by the developers that the wording 

was possibly too advanced for this level of student.  Between tests, a few of the screens 

that were causing the most difficulty were made more readable and understandable, and 

this modification yielded a marked improvement in later sessions. 

2) More instructions before tasks:  it was recommended by several of the subjects that an 

introduction screen be presented prior to the beginning of each task which would explain 

exactly what was to be done.  Some of them stated that they could not remember what to 

do once they began working, which added to their confusion.  This was apparent when 

students were trying to find the icon to represent them.   It was suggested by developers 

that the introductory screen option could be toggled off once students have logged in a 

certain number of times, so that they will not become annoyed with the feature. 

3) A �Clear� feature on writing tasks:  it was suggested by subjects that a clearing feature on 

the writing area would be very useful in making the writing feature easier to use.  It is 
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helpful that this mechanism is a built-in feature of the iPAQ® system, and can be utilized 

during running of the finished application. 

4) The speaking instead of writing of messages:  It was clear that this feature was very 

popular during the testing, as most subjects selected this feature as a means of 

transmitting data between users.  The providing of this feature on all data entry tasks is a 

major feature of the finished system. 

5) Simplification of the speaking submenu:  as mentioned previously, subjects were having 

trouble manipulating this screen.  It was suggested that the buttons that are not useful 

during this phase be grayed or toggled off to avoid confusion. 

Many of the suggestions above were given during the first day of testing and were implemented 

between the first and second day to see what impact they would have on subsequent sessions.  It 

was significant to note that those changes resulted in improved performance during the second 

day of testing.  Likewise, the changes implemented between days 2 and 3 were significant in 

improving usability for the subject tested in day 3.  This incremental development and 

modification resulted in producing an optimum design for final implementation of the system. 

 
 
 

5.2. Prototype System Development 
 
 
 Using what was obtained from the prototype test, the construction of the prototype 

system began, with the programming of the user interface layer.  This was followed by the 

design and implementation of the network and communication layers.  Finally, the speech 

recognition mechanism was constructed and incorporated into the prototype system.  Once 

operable, the entire prototype system was packaged into an executable Java file and ported to 

two PDAs, upon which future testing of the system features in the mobile Java runtime 

environment (called Jeode) began.  Each of these phases is described in this section. 

 
 

5.2.1. User Interface Layer 

 

 
 Design Issues.   J2ME contains a variety of classes for building user interfaces, each 

taken from the Java Interface classes commonly used.  However, J2ME is not swing-compatible, 
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requiring programmers to often be creative in how they are laying out and transitioning between 

the available screens presented to the user.  Significantly, J2ME does not allow more than one 

displayable object to be displayed on a device at a time.  The types of displayable objects 

available are a Form, which is used for text fields and boxes, check boxes, list boxes, choice 

groups, etc, and a Canvas which is used for drawing objects on a device (images, drawing text, 

other figures, etc).  J2ME does not have a Button object in the traditional sense � buttons are 

simply labels that rest above (or next to) actual buttons on the device.  If actual, clickable buttons 

are desired, they must be �programmed� as images placed on coordinate areas on the device�s 

screen space that are registered to certain application functions. 

 Considering the age level of the target audience, it was decided to use the �clickable 

buttons� concept when building these screens, in order to take advantage of a more graphical, 

more novice-oriented screen layout (making as many operations represented as buttons or 

clickable icons as possible).  This approach is represented on a vast majority of the screens. 

 
 Screen Manipulation.   The screens were designed with the displayable object as the 

core, and the user interface components being drawn on the displayable.  Each screen is defined 

as separate class object, and these objects are instantiated by the system midlet (the midlet is the 

main application object, simply a java-oriented applet designed to run on a mobile device).  The 

midlet also contains a login manager object, which is a subclass of a Stack object.  The stack was 

used to coordinate the user�s movement between screens, pushing on the current active screen as 

the user moves to that screen, and popping off screens as they are no longer needed.  This 

concept also allows for easy implementation of pop-up operations, such as Help or Chat, which 

allow the user to begin this function, and upon exiting, return back to the previous system state 

without losing data or screen state. 

 
 
5.2.2. Interface Flow Diagram 

 

 The transition of screens during the lifetime of a session is illustrated in the following 

figures.   The user begins a session by entering his or her id, which is checked for validation.  If a 

match is found, information for that user is downloaded to the PDA, which includes the icon 

used to represent that use and the series of lessons, questions, and question type problems.  The 

user then indicates that he or she is ready to begin. 
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Figure 4 � Process Flow Diagram:  user validation phase. 

 

The system then presents the user with first the lesson screens (in this case, story pages to be 

read), and upon completion of reading of the lessons, a series of questions to be answered is 

presented.   After these questions have been answered, they are checked for correctness.  If there 

are any incorrect answers, the user is returned to the question answering phase, and is now 

allowed to collaborate with his or her partner (Chat and Group Workbook icons are now 

enabled) to reach a consensus on these answers.  If all of the questions are correct, the user then 

is quizzed on the type of question that was asked (using Raphael�s taxonomy of questions), and 

again, consensus must be reached if any are answered incorrectly.   
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Figure 5 � Process Flow Diagram:  user lesson and questioning phases 

 

Once the process is completed, users are asked (reciprocally) to generate questions of category 

types defined in QAR.  These questions types are randomly selected by the system, and a record 

of user answers is maintained.  Upon completion of a session new material is downloaded from 

the server and the process repeats until the user wishes to quit. 

 The introduction screen is presented below.   
 
 

 
 
Figure 6 � Introductory Screen 
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Upon startup, the user is presented with an image displayed on a Canvas screen.  The area below 

the image is registered to listen for click events, and if they occur, the user validation screen is 

pushed onto the stack. 

 
 
 

 
                             (a)                                                    (b)                                                 (c) 

Figure 7 � User id entry screen(a), the icon selection screen(b), and loading lesson screen(c) 

 
 
 The user validation screen is a simple Form screen with two TextField objects, one for 

the user name and one for the password.  At the bottom appears two commands � Cancel, which 

will take you back to the introduction screen, and Submit, which initiates the Session Manager�s 

user validation task.  This involves sending the user id and password to the appropriate servlet on 

the server, and waiting for a response.  The decision to use a Form instead of a Canvas here was 

driven by the need for user input � if a Canvas had been used, it would have been necessary to 

�draw� a text box image on the campus, and then �program� the text box to display the 

appropriate characters when they are entered from the keypad (since Canvas displays do not 

allow for high-level interface objects to be displayed on them).  This methodology would have 

been quite difficult to implement in the case where speech or letter recognizer input was selected 

by the user.  It was more practical to use the standard Form and TextFields for this type of 

display. 
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When the validation method returns true, the user has been accepted and the next screen 

is pushed onto the stack.  If the user has not chosen an icon, the icon selection screen is 

presented, and the user may then choose one.  If the user already has an icon, then the session 

loading screen is presented.  If the method is false, the user remains on this screen and is required 

to reenter the name and password until a correct name and password have been entered. 

 Once the user has been validated and the appropriate lesson has been loaded, the user is 

presented with the lesson (in this case presented as a set of story pages) screens.  Again, in order 

to enable the concept of having icons and buttons presented, these pages were designed as 

images, with image maps representing the available icons and buttons. 

 
 

 
  (a)         (b)              (c) 

Figure 8 � The story screen (a), help intro screen (b), and diary intro screens (c). 

 

 
The icons available during this phase of instruction are Help, which enables the user to receive 

assistance from the instructor, and Diary, which enables the user to enter into a personal journal-

like page any text he or she wishes.  This implements the collaborative feature of personal 

reflection � where individuals are able to jot down ideas that can be referred back to during later 

stages of instruction.  Users are able to toggle between these operations, and from page to page, 

simply by clicking the appropriate button.  Once the lesson has been read, the user indicates he 

or she is ready to continue by clicking the DONE button. 
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 The questions screens are displayed below.  Upon leaving the story screens, the question-

answering screens are displayed.  These screens are similar to the story screens, being 

constructed as Canvas objects with image maps representing both buttons and radio boxes.  The 

screen is listening for mouse clicks, and when a mouse is clicked above the corresponding radio 

box, another image (a small black circle representing a selection) is drawn over that radio box, 

indicating its selection.  Help and Diary are still enabled as on previous screens. Upon 

completion of answering the questions, Chat, which initiates the chat feature, Workbook, which 

is similar to the Diary but opens a shared, group workbook that can be seen by both users, and 

Story, which takes the user back to the story should he or she need to refer to the text for 

answering the questions are also enabled. 

 
 

 
   (a)        (b)             (c) 

Figure 9 � The question-answering screen (a), question-results screen (b), and question-answering screens  

    with collaborative (chat, workbook) options enabled (c) 

 

 
Clicking on the Chat icon causes the chat screens to be pushed onto the stack, and a message to 

be sent to the teammate indicating that chat is desired.  When a confirmation has been received 

from that teammate, the chat window contents change to show what is being typed.  As the user 

types a message, it is displayed in the window, and he or she can also see instantly what is being 
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typed by the teammate. When the user wishes to end the session, he or she clicks EXIT, and the 

chat screen is popped off the stack, returning control to the underlying screen. 

 The Workbook works exactly like the Diary screen, except the contents of a shared file 

are displayed on the screen.  As a user types a message to store, the message is written to this 

file, and any future displays of this screen will show that newly entered message.  The system 

blocks any accesses to the shared workbook file as long is it is being written to, thereby 

enforcing serialization of the file content. 

 

 

         (a)        (b)             (c) 

Figure 10 �  The chat intro screen (a),  chat message screen (b) and workbook intro screen (c) 

 

 After questions have been entered, consensus has been reached, and all have been 

answered correctly.  The user is then asked to categorize the questions he or she just answered, 

according to the QAR taxonomy.  This set of screens is constructed the same as the basic 

question screens, with Canvas and radio button image maps objects displayed.  The same rules 

apply, with the users responsible for reaching consensus and getting all question category 

questions correct.   
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  (a)        (b)             (c)   

Figure 11 � The question-results screen with all correct (a), the question categorizing screen (b) and  

                     question-generation screen ( c) 

 
 
Once this task has been completed.  The user is expected to generate questions reciprocally, with 

first one user generating and the other coaching; then the next session will have these roles 

reversed.  Once consensus has been reached on this task, the user is notified that the task has 

been completed, and the next lesson is downloaded from the server and the process repeated. 

 To summarize, the screens presented by the prototype were designed based on the model 

constructed from the results of the paper prototype test. The goal here was to maintain maximum 

productively considering the target audience (younger users), while not losing efficiency due to 

limited screen space.  The size of these screens once ported to the PDAs is sufficient and allows 

the user to proceed with application functions without much difficulty. 

 
 
5.2.3. Speech Recognition 

 

 

 The use of speech input is an essential feature of the prototype.  The ability of users to be 

able to speak their statements into a microphone and have them translated into text for display 

will greatly aid younger users, who may not be adept at typing or using stylus input devices.  In 
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addition, the learning curve for using the letter recognizer or transcriber can often be significant, 

and having a simplified method of obtaining user input would be beneficial. 

 J2ME provides an optional package that enables handheld devices to implement 

multimedia operations, and is compatible with virtually all handheld devices that support Java-

based applications.  The package, called Mobile Media API (MMAPI), provides support for 

recording and playback of time-based audio or video content.  It accomplishes this through 

protocols that enable the reading of data from a file (possibly in .wav format) into a media-

processing system, as well as processing and decoding the media and sending it to an output 

device, such as a speaker or display.  Through these protocols, MMAPI allows for operations 

such as recording of audio and video, playback of these media types, camera snapshots, etc [de 

Jode, 2003]. 

 The backbone of the API is the Player object, which provides methods for reading data 

from a data source, processing it, and rendering it to an output device.  Also essential is the 

Manager object, which provides the interface between your application and Player objects. 

 

 
Figure 12 � Architecture layout of J2ME Mobile Media API 
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 The MMAPI provides support for capturing audio or video from either a microphone or 

camera.  This is accomplished through the Capture locator syntax, and if the device supports 

recording of media (through the RecordControl control), can be used to record audio.   First, a 

Player is created using the Capture locator syntax, and a RecordControl is obtained from the 

player and used to record audio.  The recording begins with calls to RecordControl�s 

startRecord() method once the player is started, and recording continues uninterrupted for five 

seconds.  All sound that is recorded is stored in an output stream, which can then be used by the 

J2ME application. 

 For the purposes of the prototype, once the sound is captured and stored in an output 

stream (officially it is stored in a ByteArrayOutputStream object).  From here, it is packaged up 

and sent to the server, where it is translated to text through calls to a Java servlet. 

 
 
 

 
 
Figure 13 � Diagram of prototype processing of speech input 

 
 
The Java Speech API package defines mechanisms for dealing with speech input and/or speech 

output.  This is accomplished through a Speech Engine, which also provides instances for speech 

synthesizing (taking text and producing speech) and recognizing (taking speech and producing 

text) [Sun Microsystems, Inc., 1997-98].  The prototype will receive the data sent to the servlet, 

and run it through the recognizer to produce written text.  The written text is then sent back to the 

J2ME application to be displayed on the screen.  This servlet will be responsible for handling 
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speech request sent by the Diary, Help, Journal, Workbook, and Chat applications and funneling 

them to the appropriate mechanism. 
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CHAPTER 6 

 

EVALUATION OF THE PROTOTYPE SYSTEM 
 
 

6.1. Review of Paper Prototype Test 
 
 
 

6.1.1. Pitfalls 

  

One of the most difficult aspects of the paper prototyping phases was securing an 

adequate location and testing pool for the test.  We were able to secure a laboratory classroom in 

a local after-school center, but the room was very small and did not afford much room for 

spreading out and organizing the test materials.  In addition, the room was not private, and there 

was no way to secure it to prevent people from interrupting the testing.  There was an attempt to 

indicate using signs that testing was in process, but there were still interruptions (younger 

students were not pausing to read the signs). 

 Also, it would have been beneficial to be able to videotape respondents.  There was an 

issue of whether or not students would be made uncomfortable, however, and a decision was 

made to omit the taping.  Taping would have afforded the advantage of providing a permanent, 

visual record of the testing, rather than relying on the memory and observational record of the 

testers present. 

 

6.1.2. Lessons Learned  

 
It was satisfying to note that the original design ideas, taken from recommendations from 

a variety of sources [Luchini, Quintana & Soloway, 2004; Marshall & Ruotolo, 2002; Jipping et. 

al., 2002], proved to be efficient methods of optimizing screen real estate on the small device.  It 

was also refreshing to see that expectations about student experiences - the fact that many are 

familiar with handheld devices from using gaming handhelds � were reliable and proved to be a 

good estimator of student familiarity and dexterity with methods of screen manipulation. 
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6.2. Prototype System Design 
 

 

 The development of the prototype software proved both rewarding and challenging.  It is 

clear that this type of model can be implemented in a handheld environment, but there are 

questions as to whether or not the PDA is the appropriate mechanism.  Additionally, there are 

issues to be examined related to data management, data modeling, logging of system and user 

operations and functions, and server-side management.  A more detailed discussion of the pitfalls 

and lessons learned is given below. 

 
 

6.2.1. Pitfalls 

  

A major hindrance to system development was the lack of documentation on J2ME 

particularly as it relates to building robust application.  While many books and reference tutorial 

guides exist, most are very elementary in nature, and do not have more advanced topics detailed 

in them.  Considering the researcher�s prior experience with J2ME was novice at best, many of 

the operations needed for the prototype required a significant amount of effort and elbow-grease.  

Even the J2ME Internet forums, where �experienced� J2ME programmers exchange ideas and 

concepts on how to solve common problems for a variety of platforms, were of no assistance in 

some cases. 

 Another problem was the absence of true portability and platform-independence in some 

cases.  Java and J2ME both sell themselves as being very amenable to cross-platform 

programming; yet, many of the operations that successfully executed during running on the 

Wireless Toolkit emulator environment would look and act differently on the actual device.  For 

example, J2ME has as an object an Alert object that can be used to display pop-up windows for a 

short time that automatically disappear after the elapsed duration (they also can produce a �beep� 

sound when displayed).  The Alert screen displays and operates perfectly while the system is 

running on the emulator; however, when run on the iPAQ, the Alert does not display at all. The 

absence of documentation on the PDA�s runtime environment, Jeode, also proved disconcerting 

and created very complex debugging situations like the aforementioned that often took many 

hours to overcome. 
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Additionally, the J2ME constraint of only allowing Forms to display high-level interface 

objects (TextFields, List Boxes, etc) and not allowing images to be displayed on Forms proved to 

create interface screens that were much more complex than they probably needed to be.  

Canvases must be used to display buttons and icons, and thus, cannot also provide for fill-in form 

operations.  This dichotomy of screens causes the internal interaction between screens and items 

on them to become cumbersome at times. 

 On the issue of networking, there were also some concerns.  The retrieval of files from 

server to client was significantly slow, indicating that there could be a problem when 

implementing this model in an actual classroom setting.  The cost of latency in accessing data 

from the server may be more significant than the gain seen by caching data only when needed.  

There may be a need to reexamine how files are obtained if the PDA platform continues to be 

used in future development. 

 Also, there are issues regarding data security and reliability of data to consider.  As of 

this prototype, there are no mechanisms in place to handle these concepts.  Yet, in future 

implementations and in particular in the actual deployment of the system in the classroom, these 

problems must be tackled and solved. 

 Finally, while the screen size is likely appropriate for beginning readers and younger 

users, there may be an issue regarding displaying of material on the device for more advanced 

users.  The current model only displays one page of data at a time, and pages are turned and not 

scrolled.  More advanced users would likely want to remain on a page and simply scroll down or 

up to view additional material.  This would call for some device other than the PDA, or at the 

very least in a revision of the type of screen layout. 

 

6.2.2. Lessons Learned   

 

During the final stages of development, it was discovered that the newest version of 

J2ME and the Wireless Toolkit recognize a new class, a CustomItem class, which is an extension 

of the Item class.  The CustomItem allows you to combine both the properties of the Form and 

Canvas � having a combination of image items and fill-in forms on the same display object.  

Unfortunately, the implementation of the CustomItem was outside of the time constraints for the 
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conclusion of the research.  It is clear, however, that this object can be implemented as a very 

useful enhancement to future versions of the prototype. 

In summary, while it is clear that this collaborative learning model is capable of being 

implemented for computer platforms, it is apparent that the handheld computer environment does 

indeed pose some design problems.  While there is a great debate among researchers as to the 

validity and capability of handhelds in this type of environment, there is no doubt that if the 

issues mentioned above are carefully considered, the efficiency of developing such a system 

becomes a significant possibility. 
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CHAPTER 7 

 

CONCLUSIONS 
 

 

7.1. Overall Observations 
 

 

 

 The development of the prototype system and its implementation on the actual target 

handheld devices is an indication that this type of architecture is possible.  The paper prototype 

test was a very good indicator of the type of user interface methodologies that should be 

implemented in such an application.  The fact that test subjects were at ease in manipulating the 

screens during the test showed that the issues of concern � screen real estate in particular � were 

not as significant as previously seemed. 

 The implementation of the system provided mixed results.  Each of the desired screen 

designs was capable of being constructed in J2ME, and the interaction between screens was 

simple to maintain through the stack midlet.  However, the efficiency of being forced to use this 

stackable structure is in question.  Having the ability to use swing components (overlaying 

screens, buttons, etc) could provide for a much simplified development process, and still produce 

the same set of desired screens.  Doing so may require development on an entirely different 

platform, such as possibly the Tablet PC.  It would be worth investigating whether another 

handheld device would create a more designer-friendly development environment. 

 Additionally, there are other significant design issues that are directly related to J2ME 

itself.  For example, having such a slow accessing of files from the server does not bode well for 

classroom implementation � kids would quickly get bored with such a slow environment and 

demand better.  The available documentation does allude to this condition and provides 

recommendations on how to remove the problem.  However, these recommendations were 

implemented in this prototype design and no change in downloading occurred.  This suggests 

that there may be other underlying device or operating system issues that must be handled. 

 Also, there are some gaps between what works in the Wireless Toolkit�s emulator and 

what works on the device itself.  This is troubling, as you would expect the two locales to be 

consistent in presentation.  Yet, there are some things that work in the emulator environment that 
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do not work when the application is ported to the device, and vice versa.  As a result, it is often 

difficult to determine if what you have developed is actually a working system. 

 

7.2.   Plans for Future Research 

 

7.2.1. System Development 

 

 One possibility for system improvement is to investigate other software packages for 

development, such as WML (web mark-up language), the language that allows you to develop 

pages to be displayed on a wireless device�s browser (most handhelds have internet browser 

capability).  The language allows pages to be developed that are device independent, and may 

provide for a much easier interface to construct (forms, images, list boxes, checkboxes, etc. are 

all displayable items in WML). 

 Another solution is to move to a more robust application development environment, such 

as Visual Studio for wireless devices.  Visual Studio provides the same interface components for 

construction of screen layouts, yet provides for more sophisticated design tools, such as 

overlapping screens, popup windows, buttons, and combinations of the aforementioned on the 

same display.  Microsoft is heavily interested in marketing this software with larger devices such 

as the Tablet PC, yet the debate regarding these verses PDAs remains.  Soloway and others 

[Murray, 2002] feel very strongly that there should be a 1-to-1 ratio between student and 

computer in all classrooms, and PDAs are more conducive to individual learning (it can be 

carried around and pocketed, and has a feel of belonging to that individual).  To Soloway, the 

Tablet PC is no different than the desktop, and therefore does not provide the same benefit that 

handhelds provide.  Yet, it would be interesting to see if development in this platform would 

provide different results. 

 On the server-side, there are many issues to address.  For instance, the concept of system 

logs is a significant feature of the system.  What mechanisms are in place and how data is 

accessed, stored and analyzed by the system must be carefully considered.  Whether the storage 

mechanism is a database or a series of flat files, how the data is maintained is definitely an area 

that will be investigated thoroughly as the research continues.  An approach being considered is 

an object-oriented design (OOD) framework, where objects and methods are responsible for 
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handling system tasks.  Java�s J2EE (Java 2 Enterprise Edition) has built-in mechanisms for 

handling system logging and processing of data, and is a definite candidate for building and 

maintaining the server architecture in subsequent work. 

 To summarize, the system architecture presented in the research is an innovative concept 

demonstrating that the collaboration that is effectively designed for industry can also be 

implemented in learning settings.  The design features of the prototype application satisfy the 

following research goals: 

• The development of a set of user interface screens and components that enable and 

facilitate collaboration 

• The implementation of a prototype system that incorporates the collaborative components 

in a non-science domain 

• The merger of the prototype system technology with a proven reading comprehension 

technique, QAR. 

Yet, the prototype implementation exposed that there are some series areas of the research that 

need more careful consideration: 

• More detail paid to server-side architecture and how data is managed, manipulated and 

maintained 

• Closer attention given to the development of process data models and the QAR data 

model (is there a possibility that the QAR model can be extended?) 

• Investigation of other types of software (such as WML and Visual Studio for Pocket PC) 

and hardware (Tablet PC and even the desktop environment) platforms 

 

The system architecture developed in this research is but one example of employing this 

collaborative interface model in a proven learning environment.  It is again important to note that 

while the prototype system has as its domain the area of reading comprehension, the model can 

be adjusted to present lessons in any environment where learning is needed.  Using a proven 

comprehension development tool such as Question-Answer Relationships (QAR) can only 

further enhance the effectiveness of this type of system in an actual learning setting.  And the 

addressing of reading comprehension as an area of interest for collaborative handheld 

applications is unexplored terrain, and one holding much promise for the future. 
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7.2.2. Submission of Papers to Articles and/or Journals 

 

 At the present, a paper detailing the paper prototype test and its findings has been 

submitted and accepted at the Mobile Human Computer Interaction 2004 Conference, to be held 

in Glasgow, Scotland, September 13 � 16, 2004 [Black et. al., 2004 (in print)].  Submissions to 

this conference are referred, and only 25% of all submissions were accepted (20 out of 81 

submissions).  The researcher will be presenting the research and finding detailed in the paper at 

the conference. 

 In addition, a second paper detailing the overall design of the system architecture is in 

development to be submitted to other Computer Science journals and conferences, particularly 

those that involve handheld computing, mobility, computer-supported collaboration, and 

educational technology.  Finally, a third paper detailing the prototype system, complete with 

screen shots of the interface design will be submitted to TICLE � Tangible Interfaces for 

Collaborative Learning Environments.  TICLE is a highly prestigious, refereed journal of 

research describing innovate projects and technologies involving user interface design for 

collaboration in educational contexts. 

 
 

7.2.3. Continuation of Research and Experiments 

 
 
 The researcher has been able to secure a small faculty research grant from Florida A&M 

University to further this study.  The grant, the Faculty Research Pilot Program Grant [G11 

HD41829-02], sponsored by the National Science Foundation, provides a stipend of $4,000 for 

five years to be applied to research project.  This funding will provided for the acquisition of 

more iPAQ PDAs that can be used to test the finished version of the system in an actual 

classroom setting.  It is the goal of the researcher to eventually acquire enough handhelds to 

equip an entire classroom (approximately 10-15 machines). 

 The researcher is already in talks with a local elementary school to continue research with 

reading in their classroom.  The classroom contains students with a mixture of reading levels, for 

advanced to poor.  This diverse population will be an exciting and promising test bed for further 

research studies. 
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APPENDIX A 

 
FLORIDA STATE UNIVERSITY HUMAN SUBJECTS APPROVAL LETTER 
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APPENDIX B 

 
FLORIDA STATE UNIVERSITY HUMAN SUBJECTS CONSENT LETTER 
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