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1. I n t r o d u c t i o n 

The purpose of this dissertation is to explore interactivity mechanisms for personalizable and intelligently adaptive learning environment architectures utilizing a two-way communications channel for information delivery.  Specifically, a web-based system is here considered.  The relevant research areas are human computer interface (HCI), cybernetics (Pask, year?), cognitive psychology (Carroll, year), human factors engineering and education (Adams, year?;Howe,year?).  The work is inherently interdisciplinary, yet subsumed entirely under a computer science framework, as interactivity is measured quantitatively and modeled in the context of architectures defined within computer science. 

Following the Introduction, Chapter 2 describes the system(s) in general. It will explain system components, interaction, and the learning system. Chapter 3 discusses interactivity.  Chapter 4 describes the Smart Desk interactive learning environment; this chapter also presents learning system issues again in more detail.  Chapter 5 presents a methodology for measuring interactivity in learning environments.  The results are given in Chapter 6, and all is concluded in Chapter 7.  

1.1 Motivation and Background 

Human Computer Interface (HCI) is a relatively new research area in  computer science. HCI deals with how people interact with computers so as to achieve better task performance. HCI covers diverse disciplines such as human factors engineering, cognitive science, information science, and industrial design. HCI was born out of the need to create intelligible instructional interfaces so that users could explore and learn software products more easily. Thus, it has been an empirical project from the outset. Indeed, HCI studies provided useful data through explorations of user behavior and modeling. However, with respect to the  disciplinary concerns of computer science, older methodologies related to HCI do not fit well and can cause legitimacy problems for HCI’s positioning within a computer science framework.  My approach has been to implement a systems model to measure the interactivity parameters of a learning system.  A controller as a subsystem between user and learning system provides a flexible method to measure the interactivity of the learning environment. 

Interactivity plays a very important role in the learning, as it provides two way communication channels between the users and the system.  Accessibility is the capacity of a system to convey heuristic information to users.  So interactivity should be distinguished from accessibility.  For instance, a highly interactive system usually has good accessibility but it is not essential, and the opposite is also true. 

     
In working with particular human subjects, we have been researching computerized learning tools and performance evaluation software [Rodrigues][Kane] from various other fields. Computerized learning tools or tests  started an era of better and less expensive public education.  Essentially, a computer can allow disabled children lacking motor coordination to engage simulated real world experiences which would otherwise be beyond their access. 

     
Computerized performance evaluation tools are new [Kane], but a rapidly growing field as both products and research areas. These tools leverage computational resources to yield accurate measurements of motor skills, or user response times, for example. Some of them provide primitive user customizable environments. However,  these are limited because they can not be changed dynamically  and seldomly customizable to specific user situations.  For the general public, ordering customized software is not easy.  The software market is supported by mass production products and services.  For software developers to cope with every possible scenario and event for different users is practically impossible within a  conventional programming model. User performance keeps changing and the complexity of considering all the possibilities is not polynomial(NP).  This is precisely where an interaction model of programming comes in and facillitates the embedding of future growth requirements and flexibilities for specific users. 

    The SmartDesk was developed to address exactly these questions.  Built-in tracking tools and analysis provide a basis for measuring both user performance and system performance. Interactivity becomes the most important structural variable in the learning environment.  In the remainder of this paper a measurement methodology for interactivity is developed and the Smart Desk environment is analyzed within the emerging methodology. 

Finally, interactivity in web applications is a preeminent concern for computer science work.  The Internet is conceived of as an inherently interactive medium, yet with its short history and unprecedented technological status the old programming models are simply obsolete.  Thus, development of interactivity structures in this work are mainly done with a view to web based applications.  

1.2 Thesis Statement and Contribution

Discussed topics in this work are at the border of computer science and cognitive science. In general, the latter provided frame work by its principles and the former, tools to model and analyze the system. 

Intelligent and interactive learning environment mechanisms are presented.  In comparison to other models based on static and non-customizable theories and technologies, it provides a superior prototype and system architecture as a learning model. 


A new methodology for measuring interactivity in web based models, (which itself is a newly emerging technology) is developed. It includes theoretical formulation of interactivity quantification along with modeling approach. Using the methodology, my argument that personlizable and adaptive learning environments has better interactivity is proved by experiments.


Personalization and adaptive mechanism issues are inseparable in an educational system.  ( state some more later

Web based systems which can be accessed and used by anyone in any place is similar in its social impact to what J. Gutenberg's printing press and movable type in 15th century contributed to public education. Web based learning environments will bring good quality information to the public regardless of their locations.

2.  the system

A learning environment consists of a system and a user[Figure 1]. The system has subsystems with designated functionalities and interacting each other.  In this chapter, the definition, concept, and purpose of a learning system will be explained within cognitive science framework.  However, the system and its analysis should be viewed and analyzed as one of a discrete event system. 
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Figure 1. Learning Environment (1) 

The system herein follows the concept and notion of a learning system from cognitive science. Furthermore, to develop and implement the model inside a computer science framework, the basic and primary concepts from cognitive science were utilized. Following such model, the system itself is designed and implemented as a discrete event system of a stochastic timed model rather than as a cognitive science model. Also, in analyzing the performance of interactivity, factors of a Discrete Event System(DES), concepts of Human Computer Interface(HCI) and performance benchmarking were applied. 

The modeling scheme of learning system is discussed following an introduction of learning system and DES. 

2.1.  A learning system

Since the era of cybernetics, the ancestor of computer science, the concepts and nature of systems have been discussed[Pask]. Currently, cybernetics exists as a basis for parts of numerous other science subjects, even though to some extent it still stands on its own [conference papers in cybernetics]. For instance, the learning system is extensively discussed in cognitive science where the concepts of such a system are deeply rooted in cybernetics.

 The definition of a system is rather intuitive. Webster's Dictionary defines it as, “a regularly interacting or interdependent group of items forming a unified whole.” Also, it can be defined as a combination of components that act together to perform a function not possible with any of the individual parts[IEEE]. The latter definition well demonstrates that there exists relations connecting components to form a whole unity. With greater abstraction, a system can be thought of as a reference frame containing two concepts: structure and (function) identification[PASK].  In the case of a learning system, a structure is each module of the software, like "word fun" ,"Phonetics", or "Learning how to add" , while identification is the process of sending user generated output into such structures. [Figure 2]  In this work, the components and their relation will be terms used to represent each module or subsystem and the interaction amongst them, respectively. 
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Figure 2. Learning Environment (2)

Systems similar to the learning system were discussed as early as cyberneticians began work as such. Control systems and Teaching machines are such systems and are worth mentioning in relation to a learning system. To understand why control and teaching systems are related to learning systems, the concept of a controller and a learning system must be stated first. A controller is a part of a system which interacts with other components to achieve a certain stability of the control system.  Among several kinds of control systems, one which explains a learning system is an adaptive control system[Pask]. The adaptive control system adapts the relation to achieve a certain or more specific object. Also, the learning system requires control of user inputs with adaptive ability. In other words, inputs into the system are not raw data, but refined and adaptive data by the controller according to each different user. The controller will learn the user’s behavior from the input data and provide inputs into the learning system. [Figure 3.] Hence, a learning machine is an advanced instance of the adaptive control system.






Figure 3. Learning Environment with Controller 

Another concept related to the controller is teaching the machine[Adams][Pask]. Teaching is control over someone 's learning process. The learning process is active and interactive.  To be successful it requires active motivation of students and interaction with them. A teaching machine interacts with students in order to teach or aid in learning which can be termed as “two way communication”.[reference needed]  To merely show data would be one way communication.   

 The first teaching machine was made by S. L. Pressy around 1920.  Then a more flexible model was introduced by Norman Crowder. Then Skinner’s teaching machine provided a better learning system.  (more details will come later)

 Problemmatic for the above models is that they are fixed systems. We need to assume that the best teaching methods exist, and because we cannot change levels for each individual student, the teaching machine is built and aimed to an average group of students. PASK discusses an adaptive controller, which helps students pay attention in the learning of a subject. Additionally, the controller is able to change students’ learning ability levels according to their performance.  Also, Skinner and Adams argued that the problems of current education were related to a rigid and inflexible teaching model. 

My assertion here is that a certain type of discrete event system can be used to model the adaptive and interactive feature of a learning system. At following chapters, the discrete event system is described and modeling by it is explained. 

2.2. Discrete Event System (stochastic timed model)

A Discrete Event System(DES) is a dynamical system whose state space is a discrete set and its state transition mechanism is event-driven. Hence, a DES requires two properties: a discrete set and event-driven state transition mechanism. In fact, many man made systems such as queueing, traffic, or computer systems are all DES. To derive quantitative means of analysis for a learning system, we need a DES model with more embedded features--a stochastic timed DES.   


A stochastic timed DES refers to a system with timing information and an uncertainty in terms of what will occur next in the system. This reflects the crux of a learning system model. One cannot know exactly what or when a learner will give a response, or submit input to the system, but at least a prediction regarding user behavior from previous learning sessions may be utilized. To describe more on stochastic timed DES, a timing mechanism in the stochastic process model should be introduced.  Following the DES chapter, the timing mechanism will be described in detail, but for now a brief idea will be noted. 

A stochastic process is a collection of random variables indexed by time. When the collection of random variables is defined over a finite set and the time set is also countable, it forms a discrete state and time stochastic process. The clock structure for the timing mechanism of such processes associated with events are as follows. 

The clock structure is a set 


V = {Vi : i ( E} of clock sequences 


Vi = {vi,1, vi,2, ..} i ( E, vi,k to R+, k=1,2.. as E is an event set. It is viewed as the input to a DES. The timing mechanism then interprets the structure so that an actual event sequence is derived. A sequence of events is not necessary to analyze the system because the clock sequence is coupled with the event sequence (refer to the definition). But in analyzing a learning system, we do not have a priori information about the event sequence and need to develop a stochastic model with an uncertainty. 

The stochastic clock structure has a stochastic clock sequence of 

{Vik} = {Vi1, Vi2,…}, i( E, Vik ( R+, k=1,2,…  The structure is a set of distribution functions

G = {Gi: i ( E}. 

2.3  The Learning System modeling 

2.3.1 and 2.3.3 introduce notations to describe a system modeling by using state diagram and Petri net, respectively. Indeed, state diagram and Petri net are equivalent and interchangeable; by taking different approaches, however, we can grasp better view of a learning system.   

2.3.1. Notation of state automata models

I follow a notation from DES modeling and performance analysis. The learning system particularly falls into a category of the stochastic timed state automation (STSA) model.  To describe the STSA model, a six-tuple notation is used here.  The six-tuple is ((, (, (, (, (0 , G), where 

( is a countable event set

( is a countable state space

((() is a set of feasible events, defined for all (, (’ ( (, e’ ( (, and such that (( (’; (, e’) = 0 for all e’ ( ((()

(0 (() is the probability distribution function (pdf) P[X0 = (], ( of the initial state X0

G = {Gi; i((} is a stochastic clock structure.

2.3.2. A system modeling of a learning system using a state automata model 

Assume that a user learns as a rate of (1 - Ak ), K=1,2, … as

  A is a random variable with a uniform distribution in [0,1] and k represents the number of learning sessions or days. In a learning system, A can be considered as an initial condition of a user’s learning capability. Since the value of A is between 0 and 1, as k increases, Ak decreases, and 1 - Ak  increases, which represents an increase in the learning process. Of course, the learning process does not have to be represented by that equation and this is why the system modeling approach of a learning system is flexible. This flexibility makes it possible to analyze the performance in different aspects by changing the number of variables, the equation, or the number of iterations in an experiment. Now we can write the state of the system by (k =  1 - Ak  .  (1)
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Every state has a decision. A user will either know the answer(() or not know the answer((). By the chosen state equation of (k =  1 - Ak   

,  as the learning session continues, the probability of ( event  increases, as expected.  Further analysis of the system model is provided in the methodology chapter in conjunction with interactivity. 

2.2.3  Notation of Petri net models

A Petri net is a four-tuple


(P, T, A, w)

where


P is finite set of places


T is a finite set of transitions


A is a set of arcs, a subset of the set (P X T) U (T X P)


w is a weight function , w: A ( {1,2,3,…}

2.2.4 A system modeling of a learning system using a Petri net

A Petri net is an automaton which the state transition function definition impose a certain structure on. It is very general modeling methodology because any DES modeled as a finite state automata could be modeled as a Petri net. A Petri net can cause potential complexity in modeling compared with state automata models. However, its one of inherent advantages which enables us to decompose or modularize a complex system helps us to analyze a learning system in a modular way. And it is important because the learning system itself is composed of subsystems which interact each other.  

In this chapter, several Petri net modeling equivalent to the state automata model at the previous chapter is presented.  The first graph[ Fig.] is to show a basic idea.  Following graphs show graphs with added features from the basic graph. 
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3. Interactivity 


Interaction is mutual or reciprocal action or influence.[Miriam-webster]

3.1 Introduction

When two subsystems or two components in a system affect each other, we say that those two are interacting in the system. For example, a controller which interacts with a learning system is two way communication because the controller sends data to the learning system (one way) and adapts itself according to information fetched from the learning system (the other way). Then what is interactivity? In a word, interactivity is a variable characteristic to describe communication or interactions between (sub)systems. The concept of interactivity is versatile enough to describe a communication process in general, including a social, computer, industry, economy or business system. Interactivity is a spectrum of continuum(Rafaeli, 1988 an expression of the extent that, in a given series of), varying from only one way communication to two way fully interactive communication. Rafaeli et al. said it is a likely candidate to help in explaining how groups, such as Computer Mediated Communication (CMC) groups, stick together. 

An interactive learning system is that in which a student or a controller, from the above example, has the ability to affect the process of events or modify the system. And a non-interactive learning system is one lacking in these abilities.  Examples of non-interactive learning systems are books, slides, lectures without the participation of students, or photographs. Why an interactive learning system anyway? Psychologists have studied how humans learn. Behaviorists will emphasize learning through repetition and practice. For example, in the acquisition of language, their best methods will be to read, repeat, and drill sentences and vocabulary. That trend, however, has changed since field tests proved that an interactive learner-centered approach works better. Also, theorists such as Jean Piaget argued that learning is not filling empty containers with information, but occurs through constructive processes of assimilation and adjustment in which the mind uses “provisional conceptualizations.” 

The Internet is an interactive medium by nature. Users ask for information and get results out of the requests (e.g., search engines). Or a user can send mail or fill out forms to participate in the growth of a site. Interactivity in the context of the Internet has been a great target among interactive multimedia designers and developers. Commonly, degree of interactivity with certain web sites or web applications is determined by how much users participate at a particular web site. Existence of forms, e-mail links, clicks on ad-banner(click-through) are examples[Novak].  

The Internet by its very nature is the supreme testbed for interactivity research aimed understanding user behavior inside interactive systems. Hyper Text Markup Language(HTML) provides links between documents, links to email, image buttons, forms, and so on, which are the implemented natures of interactivity suggested by researchers on interactivity at Internet. In addtion, the industry introduced highly interactive products running on a web browser ,such as Macromedia’s Flash and  Shockwave technologies. 

The Internet is open to everyone, and individuals on line also form groups and these groups interact with one another in a growing cyber culture (e.g. Geocities.com). It can be anonymous and faceless communication or involve face to face communication such as off line meeting of previous acquaintances. But certainly, the demographic population on the internet is different from real life. 

Rather than focusing on such demographic data, or people interacting over the net, the measuring of interactivity in this dissertation is between a system and a user.  Because interactivity encompasses many parameters to consider such as psychological aspect, contents of system, etc. , there was hardly any effort to measure it quantitatively in web based application. For instance, in the case of the internet, guidelines to enhance interactivity exist, assuming that following such rules increases degree of interactivity: to add forms, e-mail links, or click through which is another concept introduced along with ad-banner. [Novak] However, it fails to include important information such as actual response time of requested data or transfer time of such data, not to mention any systematic modeling.  


In this chapter, various aspects of interactivity are surveyed to introduce over several sub chapters followed by interactivity at an learning environment sub chapter. 

3.2 Interactivity at the Web


In this chapter, the Web related issues of interactivity is addressed further whose concept is introduced previously. 


Because of the commercial possibility of the Internet or the Web as current medium of using the Internet, measuring user behavior at a web site became important, even though advertising at a web site is still in its infancy compared with other medium such as mail, phone, magazine, newspaper, or TV. Standardizing the web measurement process will be critical in successful development of the web commercially. Considering that, it is not surprising that interactivity metrics in terms of the web advertising has been discussed and proposed.  Along with the interactivity metrics, also the measurement of interactive advertisements is worth to note related to this work, because of its efforts to track customer access to the web advertisements. For example, the cache-busting techniques allow us to track user’s performance more correctly to a certain extent; a “smart” proxy server can still cache even with such techniques.


Efforts to generate personalized web environment through measuring interactivity are not only confined with the browser and its content, but also other communication medium or web agent such as Web TV. It has a capability to track user’s preference and select channels automatically. Similarly, web channels provide user alternative way of surfing the web; it is passive surfing which is given to user like TV channels programs. Fundamentally, such efforts in commercial field to measure interactivity and personalize the Web are focused on natures of the Internet, which provides substantial reason to look at, even if it studies customers rather than learners. 


The web environment presents more interactive and enjoyable learning format by creating an instrumental learning environment. Additionally, it has been shown that the performance of learner is improved. While the interactive and personalizable nature of the Internet in learning is emphasized and experimented, measurement standards or basis doesn’t simply exist yet. Even in the case of the commercial site, which standardization process is going on already, complete set of content-based and transaction recording is not proposed yet. 


The methodology chapter proposes and explains the measurement of interactivity at an educational web site in detail. Next chapter covers interactivity measuring methodologies in computer science which is partially employed to develop the methodology in this work. 

3.3 Interactivity measurement


Measuring interactivity in the context of computer science covers wide range. It can be used to evaluate performance of operating system by showing interaction time between certain processes or process and a user; or interaction time or behavior of user at a software/hardware interface can be referred. 


In this work, interactive user behavior related to the learning environment is measured. For that, interactive user behavior, measurement of the interaction, and the web server benchmarking are utilized. 


Interactive user behavior includes the time between each requests from a user to a web server, and trajectory at a web site. The interaction between processes can be measured by simulation. The simulation is a procedure that in a well-defined and controlled system usually with fewer variables than real system, a process is running and measured its performance. Here, web server, user, and the learning environment are involved. Therefore, web server load generating tool is used to simulate and the benchmarking of web server is employed for analyzing the learning environment’s performance. The methodology chapter explains further on benchmarking.

1. 
Web server has log files which maintain history of user requests. It holds valuable information to analyze both user behavior and the web server performance. Following is a common log format. 

2. (string/integer) the client machine.

3. (string/integer) the user ID if provided.

4. (date) the date and time in the standard format dd/mmm/yy:hh:mm:ss.

5. (integer) the time zone in the standard format +/-hhmm from GMT.

6. (string) the method:GET, HEAD, POST, PUT, or DELETE

7. (string) the URL that the method is acting on.

8. (integer) server status code

9. (integer) size of returned URL in bytes. 

4.  Smart Desk

4.1 Introduction 

     Smart Desk, a web based interactive learning environment, was initially designed at the request of Jim Jacoby for his daughter Julie, who is cognitively disabled from early brain damaging seizures. Smart Desk (SD for short) is a generic interface system, which, to a degree, can be personalized for individual users with different disabilities and also can provide user tracking functions for future or existing applications. Incidentally, SD is not only an application environment but it is also an alternative hardware interface.  That is, rather than a traditional keyboard and a mouse interface set, SD can be fitted with access hardware specifically tailored to the sensorimotor capacities of particular users (examples/photos?).
By working within the Smart Desk environment, users are able to improve their cognitive performance over time.  Moreover, commercial applications such as educational software, personality assessment tests, neuropsychological tests/batteries as well as user defined applications, will be able to communicate and interact with the Smart Desk environment, to the extent that they are web browser compatible.  In the context of medical student education, for example, parameters such as specific data to be recorded, representation of result data, or type of user data to be collected including history of disease, interviews, tests and personal information are user definable.  Creating this type of generic environment provides a base for psychiatrists and economist who look to evaluate computerized systems, educational experts who look to verify their educational system and children who require "home schooling" because of motor deficiency or geographical reasons. 

4.2 Other learning environment 

First programmed learning environment dates back to 1926, which was called “teaching machine” then. It was originally invented as an automatic administration of a test. Later, he added another mode for learning after he found out that the machine could teach as well if the subject was allowed to continue answering until he/she got the correct answer.(Pressy 1926) 

In the context of instrumental psychology, like Skinner contended(Adams 1976), learning through such a programmed learning environment or a teaching machine can present better teaching methods than present-day instructional methods at classroom educational system. 

Also the computer can play a role as an auxiliary tool for the psychologist or pedagogue in the cognitive assessment process of physically disabled people when motor skills are critical factors at the tests[Rodrigues]. With the environment, socially and culturally unique environment for each subject can be made and research using Piagetian tests has shown that his/her true  cognitive ability manifests itself better when situations are meaningful to him or her. It shows another example of personalized and computerized educational environment in computer science paradigm. 

Interactive computer simulated learning environment is found more often in college education. SIMPLE learning environment is an authoring tool to make such an environment. It is supported by relational database to maintain consistency of data and has built-in tools such as replay function, refinement of crude recorded data, and checking of answers. More and more colleges now offer virtual classes which are interactive web based classes. 

Recently, web-based learning environments are being created by several fields. Children’s TV station[nikelo..], training software[cbt], and even employee review software[pc week] are getting on the Web providing interactive learning environment. 



4.3 Smart Desk Features 

SD is an interactive learning environment architecture running in any web browser. It provides a thorough basis for interactive learning.   By expanding its subjects, just like inserting cartridge IC card for electronic dictionary, the environment can grow. 

Given the web’s interactive nature,  SD exploits current web technology to achieve interactive learning tools along with performance analysis.

Also SD can be personalized for different people's different needs. This reduces the size of an environment dramatically. At the same time, through customization processes, one environment can get as many different instances as users want to have. 

SD contians several user tracking mechanisms. With any user session done in Java, mouse movements, clicking, dragging, and keyboard events are recorded. In the case of web software which does not communicate with other programming languages such as Shockwave files or simple html codes, two options can be used at the same time or separately. One is using background process in the local machine to record events. The other way is to use a cookie. More detailed ideas on these will be explained in a later chapter. For registered users, users who set up their own sessions in the Smart Desk environment, not only are their performances recorded, but the performance records are analyzed, classified, and grouped.  What is more, some of the results will be reflected back to the system (learning process) to improve their sessions. For example, my 6 year old nephew is about to learn how to add. We can start from very simple pictorial examples, then his session would be watched and adjustments of difficulty made later. 

4.4 Implementation Issues 

4.4.1 Personalized Environment 


 To have a personalized environment for each user has the consequence of having thousands of environments out of restriced resources. After all, to program or create a learning environment for expected uncertain number of users from the beginning is not possible, as there are so many cases that it will be qualified as an NP problem. 
A new user who wants to create his/her environment will walk through an index of learning components such as tools, programs, games, or performance tests which are all classified by subjects and leveled. By choosing items from the index, a user can create an environment. Later a user can update or change the environment as performance level increases or decreases. Using the same principle, the same user can have more than one environment too[Figure 4]. 







Components

Figure 4. Personalizing Process 

A personalized environment refers to the capacity for tailoring the learning system’s interface and content features to the cognitive and sensorimotor needs and capacities of particular users.  Further, the ability to update it gives a user challenges and stimuli by providing new components or changing levels in learning too. 
[similar work introduced here]
My approach is to provide a generic and easily updatable environment such that a user can add more tools or tests to the index so other users can share them too, as far as these are web based.  An interface to manipulate data is written in Java servlets ,HTML, and Javascript and operated in a web browser. User session information, or registration is stored at a database which supports web interface [oracle] through JDBC[java] between servlets and the database. Also, information on learning components is itemized and stored at the database[Figure 5].

                    web server



Figure 5. Communication between Front end and server

4.4.2 Adaptiveness Issues 


Just like a 1st grader goes to the 2nd grade after one year of school, a learning environment needs to be changed as a user successfully learns. This environment can be adjusted to upper or lower levels according to a user's performance. The adjustment can be done to each learning component without affecting other components. After a given period of time and number of learning sessions, by examining user performance, it is updated or stays if necessary.
The most important issue is how efficiently it can be made to represent user data so a teacher or user can know the quantitative and qualitative  performance of work done. Automatically tracked information such as mouse movement and keyboard inputs is available along with results from each learning session. Tracked or traced information can reveal the performance of users. Classification of this information and measuring levels are challenging issues[stat site], and are beyond the scope of a computer science analysis. 

4.4.3 User Tracking [Figure 6]


Not only are results or answers of assessment applications important but also how a user interacts at each session is important in measuring user performance. For example, mouse movement can tell us about a user's hand coordination at certain times in responding to certain types of information. 
Generally, user tracking schemes in SD can be viewed in three categories. If learning components are wrtten in Java and have event data tracked inside, after the user session tracked data is sent to a database residing at a server side. A web browser also provides information on mouse movement and navigation behavior. Other application which is not written in Java or a similar lanaguage which can record user data and send it back to a server side by communicating with web browser and web server, can be tracked using a background process at user’s local machine. In this case, after the user session, one can upload the result data file to a server through a web browser. 
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Figure 6. User Tracking

4.4.4 Internet and Web browser 


Smart Desk is designed as a web based application. Specifically, it requires no more client side supports to run Smart Desk than a web agent, or browser and a background process program if required. Centralized information enables users to share most updated information and not to worry about stale data. This gives some relief to developers as well. 
For classrooms, or users without Internet access, a CD-ROM version could be made available. Database parts will need to be changed; and because the connection to the database is JDBC, with a few changes, local databases such as MS access can be used instead of the centralized database at a server side. Even without a database version it could be possible by using the file system of the local computer to store data. 

4.5 Conclusion

Smart Desk provides a web based interactive learning environment and enables users to personalize those environments.  Updating or adapting their environments are possible through analyzing their peformances in past user sessions. It solves many problems in computerized education or performance tests.   It can be used as a valuable tool to simulate user behaviors and observe user environment interaction. It is a testbed for measuring interactivity in a later chapter. 


5. Methodology

My hypothesis is that interactivity in web based learning systems is increased when the environment is adaptive and personalized. The chapter on interactivity explains how interactivity is defined, what the nature of interactivity is, and a general method for measuring interactivity in web systems. In this chapter, experiment methodology is described. 


5.1 I n t r o d u c t i o n 

          Interactivity is measured by the content-based and the user transaction record analyses. The content-based analysis has 5 dimensions describing different needs in measuring interactivity at educational web sites:1)attractiveness 2) choice 3) adjustment 4) information collection 5) off site contacts.

To assess interactivity with respect to these 5 dimensions, current models of commercial and educational web sites which occupy most of world wide web sites are researched and requirement lists for each dimension are generated. A symbolic modeling approach which is described in the system chapter is applied in this stage of analysis. 

Sole content-based analysis to assess interactivity often lacks reality, even though in general it gives enough guidelines to evaluate interactivity or design web sites. For example, a different arrangement of buttons at a web page affects user navigation patterns. This relates to how the human perceives and processes information, which is what HCI and cognitive science examine. Performance of a web server contributes to interactivity too; speed of a web server or network congestion can give users different impressions of interactivity at particular web sites, for instance.  The content-based analysis hardly reflects semantics level of interactivity, but it is more like conceptual level of interactivity. Transaction time, throughput, or users’ navigation behaviors modeling is essential in measuring true interactivity. That is why the user transaction analysis is required additionally. 

Smart Desk sites are assessed for the interactivity variable with the above two analyses to show differences among personalized and non-personalized environments, or adaptive and fixed environments. [Also other educational sites are analyzed to assess their degree of interactivity.]

The next two chapters describe the content-based and user transaction analyses in detail, followed by a methodology to apply them to an educational web site. 

1. Content-based measurement 

The content-based analysis is to measure interactivity according to what a web site presents. Depending on the contents or nature of a web site, the means to measure interactivity vary. Interactivity dimensions, or aspects, are different from commercial sites to educational sites to governmental sites. In this paper, 5 dimensions of interactivity at educational web sites are defined.  

[Bullet these?]Attractiveness, choice, adaptiveness, information collection, and off site contacts are 5 chosen dimensions to assess educational web sites.(why blocked?) In determining interactivity dimensions, a number of design guides on various web sites and interactivity research papers are referenced. Appendix A has a detailed list. 

Interactivity is measured differently when the nature of communication is different (i.e., types of web sites affect the measurement elements). The above 5 dimensions are chosen to capture key elements of communication  at educational web sites, which might not be applied to other type of sites such as commercial site. 

Attractiveness

  Learning is accelerated when students participate interactively in the learning process. The attractiveness of a web site is measured by counting curiosity arousal features: games, e-postcards, devices for collaboration or competition with other users, and reinforcement devices are the list of features considered.

Choice

[there are several other definitions on what choice is at web sites]

Choice is a spectrum of capability that lets users have freedom to choose his/her own learning environment or navigation pathways. It is measured by the presence of 

· selection of languages, 

· selection of communication capacity depending on bandwidth or internet connection types, 

· personalization possibility, 

· other navigation options.

Adaptiveness

Learning is an on-going process. If a user has a learning environment and sticks to its original form, the environment will become obsolete as time goes on. To prevent this, a web site needs to be able to adjust the level of learning as a learner’s ability is changed.  This allows new applications to be added as part of a user’s educational program, and provides user progress reports or analyses. Personalization is a necessary condition for all above requirements. 

Information Collection

Information collection is very related to the adaptiveness. To achieve successful adaptiveness, smart information collection scheme is required. In other words, information collection can be thought of as a user monitoring mechanism. On line user registration, use of cookie, web log analysis, and user behavior recording at local computers are counting features. 

Information collection is mainly differentiated from the adaptiveness because of different view points in analyzing. Information collection is performaed at the communicator side at two way communication, while the adaptiveness is primarily user oriented. The communicator is a party to serve information and the user is a client. 

Off site contacts

This is the most active interactivity dimension in the sense that it solicits user inputs and reaches out to users even when they are not at the web site. Hence, it is beyond reciprocal communication. The reciprocal communication at educational web sites is measured by the presence of response mechanisms such as the e-mail address of web site’s creators; forms to ask further information or to send messages; and chat rooms. In addition, an educational setting requires more active user contact mechanisms. Monthly user progress reports, newsletters, listservers, and discussion forums belong to such mechanisms. 

5.3 User transaction data

Interactivity measurement methods similar to the content-based analysis  have been the most popular approach. In fact, even efforts to measure interactivity at Internet settings themselves are relatively recent when we realize that the Internet opened to public use only in the early 90s. The Internet has formed a new dimension of life at radically fast speeds. Previous studies on communication among people cannot be applied here any longer, nor can conventional quantitative measurements of interactivity using data bits and speed be ported to assess interactivity in cyber space.


The content-based analysis provides possible modeling for interactivity and adaptiveness. Also it provides good comprehension of a web site in terms of interactivity features. Indeed, it reflects syntactical factors in assessing interactivity.


However, actual implementation varies from site to site. Performance of web servers or arrangement of hyperlinks affects a user’s navigation pattern greatly as well owing to factors such as perception cycles, processing of visual information, or reaction times of the human being. Quantitative data analysis through examining user transactions at a web site lets us complete such weak links in content-based analysis.


The user transaction analysis is based on traffic between a user and a web server. The traffic covers transaction between web server and user, network delay time(congestion), amount of data transferred and more. 


Here, paradigm to benchmark the web is applied to measure user transaction. In some sense, they are two sides of a coin. In determining web performance, 3 primary factors are considered. One is the user who requests for information, the other is the network infrastructure, and the third is the web server. Measuring user transaction is so related to those 3 factors and especially the user requests represent user’s trajectory in user transaction and the web server performance is mainly measured by user requests, latency, and throughput. Also, the web benchmarking has started to establish methodology and metrics as computer science on its part at the Internet, which is worth to note in developing any metrics or standards of system on the Internet because the Internet is not a science yet.

Four classic variables exist to describe the performance of any computer system. Latency is the time between initiating a request and beginning to see its result. Throughput is the number of items processed per a unit time; millions of instructions per second(MIPS), data bits transferred per second, or HTTP operations per day. Utilization is the fraction of the capacity of a component you are using. Finally, efficiency is a throughput divided by utilization. [web performance tuning] 

Same variables are applied to web benchmarks. Basic idea is to measure raw throughput and rating of handling capacity. Response latency represents the time between a server to recognize a HTTP request and respond to the request. Connection-handling capacity is the maximum number of connections per a unit time. And the server throughput is the amount of data  that a server can send and receive over a unit time. 

A benchmark purports to generate performance statistics so that we can compare products legitimately. To achieve this, constants in a system should be clearly specified. If the only variable is the component itself between each run of tests, then any difference in results can be said to be due to the difference between the components. Hence, the benchmark test for measuring user transaction at the learning environment will have a variable, and except that, every other factors will be constants.

  However, web benchmarks is not directly applied to measure the user transaction in this work but modified. Load generator is used to generate virtual user(s) to explore a whole web site. Then log files are interpreted. Details are described at the methodology chapter. In short, to measure the user transaction of a learning environment based on the Web in the context of computer science is performed through the modified web benchmarking.  

Each user’s total run time, requests per second, and kilobytes per second are recorded, which will consist of major portion of metrics to compare interactivity. Workload at each session is kept track of too. For example, the number of virtual users, repetition, or any interval time between each repetition is recorded.

2 Interactivity Measurement

The content based analysis and the user transaction record analysis are used to measure interactivity at educational web sites. 

The Smart Desk site is deconstructed for the content based analysis and by generating virtual users or virtual web loads, the user transaction record analysis is performed. The same virtual user’s personalized Smart Desk environment is formed based on transaction data and performance. Interactivity in the newly formed site is assessed again to compare with previously measured interactivity data from the original Smart Desk environment. 

In the content-based analysis, the performance modeling plays an important role in showing user progress in learning. The concept of modeling user performance introduces scientific modeling to educational modeling. It uses concepts and theories of cognitive science and education, but modeling itself is following the discrete event system model from computer science. The system chapter explains the modeling in detail. 

The simulation process is as follows.  Two dual diagrams describe the basic idea of simulation flow. One shows a system diagram and the other explains what each subsystem does in the flow.











6. Result

6.1.1 set-up

6.1.2 technical specification

Processor
150 MHZ Intel Pentium with MMX technology

L2 Cache
256 KB

Operating System
Windows 95

On-board memory
16 MB EDO DRAM

System/Video BIOS
256 KB Flash EPROM

VRAM
2 MB

Internet connection
T1 line

6.1.3 web server and a load generator

Web server where a Smart Desk site resides is an Apache http server version 1.2.5. The name of server is sunrise.npac.syr.edu. The load generator to simulate virtual users is e-load from RSW software.

6.1.4 web sites deconstructed (will be detailed later)

· number of links in total : 67

· Amount of data at web server: average is 24287 bytes, and the number of files is 223.

1. Text files: 1007 bytes. 68 .html files. 

2. Image files: 12181 bytes. 78 files.

3. dcr files: 352154 bytes. 12 files


4. .class files: 2638 bytes. 65 files.

6.2 Experiment(will be detailed later)

First of all, by the load generator, a virtual user is created to explore a target web site. The virtual user has “think” time between the navigation of links. Its requests to the web server are tracked in web log files. The log files and the experiment result together show throughput, response latency, the number of connections per time interval, and its navigation route over time in detail. This is the advantage of using virtual users instead of analyzing log files only. We can distinguish our virtual users easily with web server log files, while in the case of real users, we cannot be sure if every transaction from the same machine at certain times is from the same user or not because HTTP does not require a user’s personal identification.   


Based on modeling and analysis of user performance, a new and personalized Smart Desk environment is created. The profile of the same virtual user is used for the second stage of the experiment. 


At the third step, in the new Smart Desk environment, the performance modeling(system chapter) is performed to show the importance of adapting educational web sites. An environment with the same number of links and levels, but with different contents is modeled. It is an effort to model a property of information architecture, in this case, interactivity and adaptiveness. 

6.3Result

The virtual user leaves log files when web sites are visited. Instead of visiting websites following hyperlinks, if the user has a personally tailored arrangement of hyperlinks in web pages or even a different arrangement of web pages, performance is noticeably increased. Interactivity is measured via throughput and transaction time.


Commonly invariant throughout sets of experiments is the navigation trajectory (i.e.; the same user behavior is expected at the personally tailored site and the original site). This enables us to exclude the possibility that better results might be obtained from different user behaviors, or user levels.

6.3.1. result of the content-based analysis 


 The original SD site is evaluated by the content-based analysis. Then,  personalized sites are analyzed for comparison. Comparison, however, is complete when both of the content-based and the user transaction analyses are coupled.  The analysis of the original SD site is described in detail. Other cases should be obvious. 

Attractiveness


The Number of games is 4. E-postcards and collaboration tools don’t exist. Reinforcement devices exist at 2 games as a form of positive reinforcement. 

Choice

 
It does not support multi language or cultural factors. Though user can add such application to his/her own personalized SmartDesk.  

. 

7 .Conclusion


Personalized (customized) and adaptable learning environment can increase interactivity between user and the system. Interactivity can also be measured quantitatively by using the metrics proposed in this thesis. 
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