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ABSTRACT 

The purpose of this research was to define a 

feasible set of inputs, functions, rules, and an 

algorithm applicable to a tutorial session that 

approximated the analytical skills of a teacher. This 

research would address the following two questions: 

1. Given realistic values for the number of actions, 

functions, and rules, together with an algorithm for 

generating tutorial responses for the user, is it 

feasible to perform the required computations in a 

timely manner. "Timely" indicates a computation 

that can be performed in less than 0.5 seconds using 

a commonly affordable i486-DX 66 MHz based personal 

computer. 

2. Given realistic values for the number of actions, 

functions, rules and an algorithm for generating 

tutorial responses for the user, are the responses a 

reasonable approximation of the advice that a real 

teacher would provide. 

Based on a computational analysis of the functions 

and decision table processing algorithm, it was possible 

within the lessons actually tested to have provided 

responses with a maximiun computational delay time of 

0.0035 seconds. This delay time is well within the 

proposed restriction of a maximum 0.5 second delay. 

The analysis of 133 student evaluations of a 

modified Turing test indicated that the students could 

correctly distinguish the teacher's advice from the 

computer's responses only 52.59% of the time (standard 

deviation 11.27%, P-value 0.0068, significance level of 

0.05). There was sufficient statistical evidence to 

indicate that the students could not reliably distinguish 

the teacher's advice from that of the computer and were 



guessing. Therefore, the algorithmically generated 

advice seemed appropriate to them, the intended user. 

The responses are a reasonable approximation of the 

advice that a real teacher would provide. 

This research has satisfactorily addressed the 

timeliness and appropriateness of generating tutorial 

responses based on a set of actions taken by individual 

students, and analyzed using the proposed functions, 

rules and algorithm. The system is feasible and 

appropriate and should be implemented. 

This system is truly interactive in the sense that 

the student's actions have a direct affect on the actions 

and more importantly attitude and behavior of the 

computer. The role of the computer within an individual 

tutorial session varies from that of an unobtrusive 

observer to that of an active leader. The computer will 

redirect the intended path of the student's learning 

session, as necessary, and thus affect the student in a 

very real manner much as a teacher redirects a student 

within the context of a tutoring session. 
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CHAPTER I 

INTRODUCTION 

The use of computers as a tutorial device has become 

increasingly popular. Efforts have been made to 

facilitate the ease with which both novice students and 

teachers may approach the use of software. However, the 

primary goal of a tutorial relationship is to teach. 

Congeniality is secondary. It is not enough to make a 

tutorial system user friendly. The system must interact 

with the student and provide appropriate feedback and 

guidance techniques. A Human Computer Interface (HCI) 

design must accommodate students' learning styles and 

complement effective teaching strategies to establish a 

responsive and effective tutorial relationship. 

Cognitive engineering principles describing how 

information is passed from short-term memory to long-term 

memory and successfully recalled must also be 

incorporated into the tutorial design. 

As computers become a more established part of the 

student's learning environment, it becomes increasingly 

important that the HCI must be not only ergonomically 

efficient but must also actively monitor each student's 

progress and provide timely and appropriate, 

individualized feedback. A teacher analyzes each 

student's actions by noting incorrect answers, questions 

asked, body language, etc., and then often relies on 

intuition to provide advice. A computer can only execute 

algorithms that process user inputs, compute functions 

and evaluate logical expressions (rules) that in turn 

generate outputs to the user. The approach taken in this 

research is to define a feasible set of inputs, 

functions, rules, and an algorithm applicable to a 



tutorial session that approximates the analytical skills 

of a teacher. Using these inputs (actions), functions, 

rules and an algorithm for generating tutorial 

interactions with the user, this research will address 

the following two questions: 

1. Given realistic values for the number of actions, 

functions, and rules, together with an algorithm for 

generating tutorial responses for the user, is it 

feasible to perform the required computations in a 

timely manner. "Timely" indicates a computation 

that can be performed in less than 0.5 seconds using 

a commonly affordable i486-DX 66 MHz based personal 

computer. 

2. Given realistic values for the number of actions, 

functions, rules and an algorithm for generating 

tutorial responses for the user, are the responses a 

reasonable approximation of the advice that a real 

teacher would provide based on the given set of user 

actions? 



CHAPTER II 

REVIEW 

Learning Stvles and Strategies 

People prefer to process information in different 

modes and using individual learning styles. Each 

individual relies on one mode more than another, 

especially when learning new material [1]. Each 

individual's thinking processes appear to be dominated by 

either the right or the left hemisphere of the brain. 

The left hemisphere of the brain is specialized in 

dealing with tasks suited to sequential analysis such as 

logical reasoning and planning. The right-hemisphere-

dominated individual prefers visual imagery or intuition 

and appears to learn primarily from experience [2,3]. 

Lectures, workbooks and texts effectively stimulate the 

left-hemisphere-dominated individuals. However, the 

right-hemisphere-dominated individuals prefer an 

interactive learning activity and sometimes have 

difficulty functioning successfully in the typical 

classroom environment. Strengthening both modes requires 

a blend of lecture, workbook and interactive activities 

[4]. 

Within the framework of the left/right hemisphere 

dominance, exist the learning styles. Each student has a 

preferred learning style that affects his abilities and 

information retention. Kolb's Model of Experiential 

Learning groups people with these learning styles into 

four major types: Divergers, Assimilators, Convergers, 

and Accommodators. These basic learning styles are often 

represented by a four quadrant graph [5], shown in Figure 

2.1. 
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Figure 2.1. Kolb's Learning Styles. 

The Diverger learns primarily using a combination of 

Concrete Experience(CE) and Reflective Observation(RO). 

The Assimilator prefers Abstract Conceptualization (AC) 

and RO. Convergers tend to prefer to use Active 

Experimentation(AE) and AC. The Accommodator prefers AE 

and Concrete Experience(CE). In general, retention of 

information increases in direct proportion to the 

student's use of other learning modes in addition to his 

preferred style [2]. For exeonple, if an Assimilator uses 

only the preferred modes of AC and RO, approximately 50% 

of the information presented is retained. If the student 

can be trained to also apply CE, information retention 

increases to 70%. Information retention can be increased 

to 90% by incorporating all the learning style methods— 

AC, RO, CE and AE. To be an effective and efficient 

RO 



learner, students must become involved (CE), listen (RO), 

generate ideas (AC), and act on their decisions (AE). 

While it is preferable to entice a student to employ 

all four learning styles, left alone he will depend on 

his dominant method of interaction. As students are not 

naturally adept in each of these four learning styles, 

they should be trained to use each aspect. Figure 2.2 

describes the four essential sections of a lesson 

presentation which accommodate all four of the Kolb's 

learning style types [2,6]. In theory, a student who 

progresses through each of these four sections will 

dreonatically increase information understanding, 

retention and recall capabilities. 

1. Statement of primary ideas and Theory (Quad. I). 

2. Dialogue that ties content to prior knowledge, 

including the use of Examples (Quad. II). 

3. Application of new information (Quad. III). 

4. Opportunities for Innovation. (Quad. IV). 

Figure 2.2. Lesson Presentation. 

The more active student prefers to take the lead and 

have a certain amount of input into the learning process, 

while the reflective student is more willing to be led. 

The novice or more passive student may require a 

sequential presentation of these four sections. However, 

the sections are independent structures and options may 

allow the more active or experienced student to pursue 

their unique learning needs and preferences. This allows 

the more mature and confident student a certain degree of 

freedom and control of the learning path. Computer 

tutorials should provide an environment adaptable to 

these learning style preferences. 



Cognitive engineers view learning as a process in 

which information is obtained, stored in long-term memory 

and successfully recalled when needed. Information is 

obtained through different modalities. Students are 

primarily exposed to visual and auditory stimulation and 

in some cases, kinesthetic. Olfactory and gustatory 

sensations are rarely used in formal learning scenarios. 

It is commonly accepted that altering the mode of 

instructional presentation is necessary in order to 

satisfy the preferential learning style of the each 

student. For example, some students are described as 

auditory learners and some are visual learners. Not as 

well-known is the theory that presenting information 

using more than one modality will increase memory 

retention for each individual student, regardless of his 

or her learning style preference. 

Once material is presented, the information passes 

through the Sensory Store in which information is 

preserved intact for only few milliseconds. It then 

passes to Short-Term Memory (STM), sometimes referred to 

as working memory. The information is lost within 15-30 

seconds, if not rehearsed. From there, the information 

is transferred to Long-Term Memory (LTM) which is 

considered relatively permanent. Figure 2.3 represents 

the flow of information into and out of long-term memory. 
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Figure 2.3. Flow of Information Through Memory [7]. 

The three techniques most often used for retrieval 

of information are rehearsal, coding and imaging [7]. 

Rehearsal is repetition aloud or silently of material 

until it is committed to memory. Coding is a mnemonic or 

catch phrase that associates material with something that 

is already understood. Imaging is creating visual images 

to remember verbal information [8]. The more complex the 

material, the more likely coding or imagery is used as 

opposed to, or in addition to, rehearsal. Rehearsal, by 

itself, is not sufficient to produce learning unless the 

meaning of the information is also processed. Without 

attending to the meaning and relevance, the information 

is only transferred as far as short-term memory and then 

is lost. Attending to the meaning of the material 

processed is what results in learning [8]. 

Each time an item is practiced or rehearsed, 

information about that item is tied to other associations 

and placed into long-term memory. The mode and style of 



material presentation within the session should be 

altered in order to increase encoding variability [9]. 

Another method of increasing the types and number of 

associations is the inclusion of stories, anecdotes, and 

examples that relate new and/or abstract material to an 

individual's knowledge and experience [10]. 

One theory is that information successfully 

transferred to long-term memory is never lost. An 

individual may just not be able to retrieve the required 

information. Effective learning depends not only on 

placing the material into long-term memory but in being 

able to successfully retrieve it at the proper time. 

According to Card, Moran, and Newell [11], there are two 

possible reasons that retrieval of a particular piece of 

information may be unsuccessful. One possibility for 

failure is that effective associations between the 

stimulus in working or short-term memory and the required 

information stored in long-term memory cannot be traced. 

Retrieval may also fail if similar associations to other 

pieces of information exist and interfere with the recall 

of the desired information. The greater number of 

associations a piece of information has, the more likely 

it will be retrieved. 

The development of critical thinking skills is 

essential to the application of knowledge in real world 

situations and is a major component of successful 

learning strategies. Critical thinking is dependent to a 

large extent on the search mechanisms that result in 

successful retrieval of related experiences, applicable 

theories and operations. Students who show high levels 

of learning abilities carry out these search tasks on a 

more automatic, expert level. The different cognitive 

learning styles display different degrees of success 
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utilizing the various search patterns. Reflective styles 

and left-brain-dominance all reinforce longer search 

times as opposed to the impulsive, intuitive, and right-

brain-dominant types. 

Computer Technology 

While computers have received major emphasis in 

educational technology journals in recent years as a new 

and exciting tool, the computer had its beginnings as an 

instructional device in the 1950s [12]. Computer-based 

instruction (CBI) began as a linear, incremental, 

immediate-feedback paradigm. The instructional session 

consisted primarily of drill and practice exercises 

supplying simplistic "Correct" or "Incorrect" responses. 

In the 1960s, systems began to incorporate sophisticated 

graphics and more complex answer analysis. As affordable 

microcomputers became available, and CBI's influence was 

felt in the classroom, designers began to incorporate 

cognitive learning principles by means of problem solving 

applications. These systems were not responsive to 

individual differences in student's needs and strategy. 

The system was monolithic and not extensible, 

maintainable, or adaptable (i.e., subject material, logic 

structures, record keeping, etc., stored in one file) 

[12]. Seemingly minor requests for revisions to the 

subject material could thus become extensive and 

expensive and could be accomplished only by the designer, 

not the instructor using the software. The system was 

simply not responsive to the needs of the teacher. 

In the seventies, a modular design (subject material 

and instructional rules in separate file structures) 

allowed easier manipulation of course content without 

disturbing the logic of the application. In the late 



seventies, in an attempt to make the CBI system more 

flexible, generative computer-assisted instruction (CAI) 

systems were developed. Using this methodology, 

questions were not the same for each student but were 

instead generated randomly from elements in a large 

database. Originally, the applications were restricted 

to drill and practice exercises in lower-level 

mathematics areas and vocabulary [12]. The system did 

not, however, provide adequate feedback to the student to 

explain errors and teachers had no direct input with 

regards to: (1) selection of the subject material or (2) 

method of presentation. 

In the mid-eighties, research began into the 

possibility of using artificial intelligence (AI) as a 

method to simulate teaching strategies and hopefully 

increase the effectiveness of CAI. The increasing 

numbers of PCs in the classroom with the technological 

capability to support the AI paradigm made the move from 

the laboratory to classroom more feasible [13]. The 

resultant intelligent computer-assisted instruction 

(ICAI) methodology required an intersection of the 

knowledge and skills available in computer science, 

cognitive psychology, and educational research. 

There have been three major impediments to bringing 

the ICAI systems to the classroom [14]. They are: 

1. the limited number of available classroom 

computers with the capability to run AI, 

2. a lack of understanding of both the way people 

learn and the resultant complexity of the 

programming necessary to support the various 

learning style preferences, 

3. the limited number of individuals qualified in 

the various disciplines who also exercise their 

10 



interest in devising new instructional 

methodologies. 

Interactivity 

Peripherals such as CD ROM have made tremendous 

advances within the last 5 years. These and other recent 

advances in peripheral design and capability have allowed 

the presentation of material to become more varied in 

style and format than just printed text on a screen. 

Currently, educational technology journals such as 

Technologv and Learning and Technological Horizons in 

Education tout the multimedia applications (standard CAI 

design) as the ultimate in automated tutorial systems. 

Within a single multimedia session, the user may 

switch from silent, visual display, to CD ROM with sound 

effects. While this ability to use various modalities of 

presentation is important to the overall success of the 

system, it is erroneously given the ncone "interaction." 

Advertisements of multimedia systems have described on

screen buttons used to select a choice of topics as 

interactive buttons. Telling a story using pictures and 

text on the screen has also been described as 

interactive. True interaction is indeed a major 

requirement for learning to take place, but it is not 

merely the pressing of a button. If it were, turning on 

a light switch would be engaging in an interactive 

learning activity and the "couch potato" wielding a 

remote control would be described as participating in an 

intensely interactive learning session. 

Consider the words interaction and interactive. 

According to the Random House Webster's College 

Dictionarv [15], the definitions are: 

11 



interaction n: reciprocal action, effect, or 
influence. 

interactive adj: 1. acting upon one another. 2. (of 
a computer or program) characterized by or allowing 
immediate two way communication between a source of 
information and a user, who can initiate or respond 
to inquiries, (p. 440) 

Notice that "interactive" has taken on a new meaning when 

used in reference to a computer. No longer is it 

indicating an effect of one on another, instead it 

indicates taking turns communicating. Computer system 

interaction seems to be associated with the ability of a 

student to make an input and receive a generic response. 

The ability to change presentation modalities is a great 

benefit to the learning processes of the different 

learners (such as the auditory vs. visual learner). 

Thus, the multimedia tutorial device may indeed be better 

than a single form of delivery but it may not be truly 

interactive. In the classroom, a teacher must present 

material in an "understandable and engaging way if it 

cannot be properly conveyed, its impact will be lost" 

[16]. In the same fashion, the automated tutorial 

session must not only be interesting but also relevant. 

When something influences another thing or person, an 

effect is seen. An effect on the mind of the student is 

not generated solely by the form of presentation. An 

effective instructor produces such an effect by meeting 

the student's needs and engaging his mind. The teacher 

is also influenced by the student. For example, while 

the student exhibits uncertainty or confusion, the 

teacher searches through all possible means of explaining 

an idea: a graph, a story, an example, perhaps an active 

task to involve the student. It follows, therefore, that 

for true interaction to be taking place in a computerized 

12 



tutorial session, there must be an effect on both the 

student/user and the computer's logic patterns. 

Advances in instructional methodology have been 

surpassed by the advances in technology [17]. 

Expectations are that multimedia applications are still 

maturing and have not yet reached their peak in 

performance abilities [18]. Advances in AI design, 

especially the development of intelligent "guides," have 

been predicted to be of major importance in the creation 

of future dyneonic instructional systems [19]. 

The primary considerations in tutorial software 

design must be those characteristics of the student-tutor 

relationship that can be effectively transferred to the 

computer. Not all aspects of human interaction in the 

learning environment can be reproduced within the 

constructs of a computer interface. For example, the 

subtle signals of voice tone and body language cannot be 

directly synthesized. A major effort must then be 

directed to an analysis of the capabilities of the 

computer as compared to the needs and requirements of the 

typical learning process. Specifically, the functions 

required to simulate the interactive "give and take" of 

the teacher-student relationship must be defined. 

13 



CHAPTER III 

FUNCTIONS AND RULES 

Each of the four sections, presented in Figure 2.2, 

will now be discussed in turn: Theory, Examples, 

Applications, and Innovations. Special emphasis will be 

placed on the anticipated actions by the user. The 

functions, rules, and algorithm with which the computer 

will monitor these actions and then provide unique 

responses for each individual will be proposed. 

Theory 

This section allows for retrieval of notes provided 

by the designer or instructor for the student's review. 

It does not need to be verbose unless the tutorial 

session is the only available material (no book or 

lecture) . The material may be text on the screen and/or 

on a CD ROM if multimedia is available. For the auditory 

learner, the CD would be of special benefit. Using more 

than one mode of presentation increases encoding 

variability and therefore increases the probability of 

successful information retrieval from long-term memory. 

This section does not require a great deal of activity 

from the user, is primarily passive in nature, and 

stimulates the left-hemisphere-dominant individual. The 

presentation of basic theory and structure is 

particularly supportive of the Diverger, who learns 

primarily through Concrete Experience and Reflective 

Observation. (Refer to Figures 2.1 and 2.2.) Students 

may become more active if given the opportunity to search 

for more detailed explanation. For example, key words 

may be highlighted as an indication that other sessions 

are available with more detail for that concept. When 

14 



clicked on, these key words activate links to other 

databases or forms of multimedia presentation, an example 

of Hypertext application. This would imply that the 

names of sections or location identifiers should be tied 

to the key word descriptors. The student could use a 

mouse to click on the key word and chain back through 

other relevant material for more intensive explanations 

as he sees fit. Thus the process of making a student 

feel unique will begin. Figure 3.1, below, lists the 

possible actions taken by the student which are monitored 

by the computer in this section. 

1. Entry — Choice of primary Topic. 

2. Search for more detailed explanations of key 

words into other sections. 

3. Length of time spent in this section. 

4. Exit. 

Figure 3.1. Actions Monitored in Theory Section. 

Excimples 

Within this section the student will be introduced 

to the method of analysis. Exeunples and dialogue that 

tie content to prior knowledge and experience supports 

the Assimilator's preferred learning modes of Abstract 

Conceptualization and Reflective Observation. (Refer to 

Figures 2.1 and 2.2.) Practical application examples 

help the user attend to the meaning of the subject 

material. This helps increase the types and numbers of 

associations between the new material and knowledge 

already incorporated into long-term memory. As in the 

Theory section, the use of the CD ROM will support the 

15 



auditory learner and help reinforce multimodal encoding 

of information. 

The examples and dialogue should be explicit and 

concise enough to demonstrate qualitative problem solving 

skills as well as quantitative solutions. Any subgoals 

which will help simplify the analytical process should be 

demonstrated and described. Any subroutines or processes 

which possess a descriptive name should be highlighted to 

allow the student to search for more information in other 

lessons, as desired. As a simple excimple, in a 

mathematics or engineering class, if the quadratic 

formula is used, identify the process the first time it 

is used. "Notice that the quadratic formula is to be 

used." and highlight the key term to allow search. This 

may seem less economical than an inclusive index at the 

beginning of the tutorial session, but most students will 

not bother to return to the beginning to locate more 

extensive information. With a readily accessible method 

to retrieve forgotten details at the point in which the 

question arises, more students will respond. 

There are certain basic examples that demonstrate 

basic techniques and information within each section of 

material. Providing a minimum of examples to ensure that 

all details are covered will not annoy a more expert 

student. The computer should, however, prompt the 

student before exiting, if more examples are desired, 

thus accommodating the less experienced student. 

The actions taken by a student which may be 

monitored by the computer in this section, are listed in 

the following figure (Figure 3.2), and will consist of: 

16 



1. Entry. 

2. Search for more detailed explanations of key 

words into other sections. 

3. Length of time spent in this section. 

4 . Request for more exeunples. 

5. Exit. 

Figure 3.2. Actions Monitored in Exaonple Section. 

Applications 

At this point, the tutorial session becomes much 

more active in nature. The Converger who relies 

primarily on Abstract Conceptualization and Active 

Experimentation to learn is supported by this more active 

section. (Refer to Figures 2.1 and 2.2.) This more 

active section also helps support variability encoding 

and stimulates the impulsive, intuitive, right-brain-

dominant individual. The more active, self-confident 

student may ignore the Theory and Example sections (if 

not required) and choose this section for exploration 

first. 

Concepts previously demonstrated and observed and 

the identification of constraints are now actively 

practiced. The student practices the typical problem 

solving algorithm [15,16]: 

1. Identify the goal. 
2. Determine the information and resources available 

for solution. 

3. Determine the actions necessary to achieve the 

goal. 

4. What are the constraints or limiting factors? 

Hypertext links should allow the student to choose other 

related topics or to refer back to Theory or Example 

17 



section, as desired. Prompt the student at the end of 

this section to discover if more practice problems are 

desired. Some students do feel the need for extensive 

practice to gain confidence. 

The student actions which may be monitored by the 

computer in this section are listed in Figure 3.3. 

1. Entry. 

2. Length of time spent on each problem prior to 

input of an answer. 

3. Whether the input of the student was incorrect or 

correct. 

4. Number of attempts on each problem. 

5. Length of time spent in this section. 

6. Request for more problems. 

7. Exit. 

Figure 3.3. Actions Monitored in Applications Section 

Opportunities for Innovation 

The primary difference between this section and the 

exercise section is that these questions are more of the 

"What If" type. This presentation stimulates the 

Accommodator learning style and the right-hemisphere-

dominant individual. This section encourages a student 

to develop and fine tune search routines for possible 

solutions and also encourages the development of a more 

reflective learning style. (Refer to Figures 2.1 and 

2.2.) The most difficult to implement and monitor, this 

section promotes critical thinking. The student might be 

asked if an answer to a given problem is realistic or 

not. This could be handled in a simplistic multiple 

choice format, but this is unrealistic and promotes 

guessing. Open-ended responses would be more applicable, 

18 



but could require the teacher to read and grade the 

response, most likely at a later date. Some areas of 

specialization, however, have simulation software 

available which allows students to propose a solution to 

a problem and then test it themselves. For example, in 

electrical engineering, the student could be asked 

questions such as, "If the voltage in a certain type of 

circuit is increased, what effect do you predict on the 

current?". The student can generate a response and then 

be allowed to check it on a software tool. For example, 

MicroSim Corporation's software, PSpice, allows analysis 

of electrical and electronic circuits on personal 

computers. The student would receive immediate feedback 

as to the validity of his analytical skills. Again, more 

in depth questions could be made available for the use of 

the more avid student. 

The student actions, monitored by the computer in 

this section, are presented in Figure 3.4 below. 

1. EntJiy. 

2. Length of time spent on each problem prior to 

input of an answer. 

3. Whether the input of the student was incorrect or 

correct (Or not applicable if to be graded at a 

later time by the instructor). 

4. Number of attempts on each problem. 

5. Access of tool software such as PSpice, 

6. Length of time spent in this section. 

7. Request for more problems. 

8. Exit. 

Figure 3.4. Actions Monitored in Innovation Section. 

19 



Quantifiable Actions 

In comparison, teachers use both quantifiable and 

qualitative observations to help them identify a 

student's status and the source of any confusion. Some 

signals from the students such as frowns, smiles of 

understanding, tense behavior, etc., cannot be 

quantified. The quantifiable patterns that are observed 

by a teacher can be reduced to five basic actions taken 

by the student. The following figure lists these five 

basic actions (Figure 3.5). 

elapsed time to complete the activity or initiate 

an action (an indication of whether the student is 

progressing smoothly or needs some help) 

number of incorrect attempts on each problem (an 

indication of degree of strength in each area or if 

it eventually ccone to him in a "flash of 

inspiration".) 

degree of success on this section's material (a 

possible indication of difficulty with this material 

or prerequisite material) 

success on prerequisite material (in combination 

with the success shown on current material it will 

indicate a pattern of errors) 

questions by the student (in the case of the 

computer, a trace of the path taken through the 

notes, tools, exercises, etc., as they search for 

required information) 

Figure 3.5. Quantifiable Actions Monitored by a Teacher 

When attempting to find the source of a student's 

confusion, strategies employed by the teacher are a 

combinatorial search through sequences (lists) for the 
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five actions given in Figure 3.5. As an example, when a 

student comes to the teacher's office to ask for help, a 

topic is chosen or presented as a trouble spot. The 

teacher may have the student work a problem or discuss 

the method. Based on the degree of correctness of the 

response and the length of time taken, the teacher can 

make a judgment call on the student's familiarity with 

the topic. The response might indicate problems in a 

prerequisite area, in which case the teacher suggests 

work on another subject first. The five actions 

described in Figure 3.5 are quantifiable activities which 

can therefore be analyzed by a computer. 

The student actions described in Figures 3.1-3.4, in 

combination with the computer' s recording in memory of 

the student's previous activities, provide the same 

quantifiable information used by a teacher to assess the 

mental state of the student (presented in Figure 3.5). 

This information can therefore be used by a computer to 

make the same assessment of the user's mental state as 

that of a teacher. These student actions are the basis 

for the computer functions which will be proposed to 

allow the computer to assess the mental state of the 

user. 

In order to capture student actions for computer 

analysis, an NSF funded authoring software named SIMPLE, 

written by Dr. William Marcy and Dr. Marion Hagler of 

Texas Tech University, was used. Simple allows the 

creation of hypertext style screens (see Appendix B) and 

the recording of student information in what is called 

and Event-in-Context List. 
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Event-in-Context List 

Activities of the student registered by the 

computer, such as choosing a topic, exiting a topic or 

typing in an answer, are all recorded in an Event-in-

Context (EIC) list. A timer is also used to monitor time 

between inputs. An example of an actual student's 

activities, as recorded in the EIC list is presented in 

Figure 3.6. Line 1 gives the location of the list (Drive 

A) and the identification number of the student. The 

second line gives the date and time that the list was 

printed out for the purposes of this research. The third 

line is the call for the subroutine that prints all the 

activities of the student. The fourth line of the figure 

is the first line that begins to describe the students 

actual activities at 11:06:31 on January 30, 1995 (date 

recorded on the next to last line of Figure 3.6). 

The student begins a lesson section by choosing and 

opening a database. In this case, the student opened the 

database Linear2.mdb, used a hypertext button to check 

another area, and then exited the database. This same 

student then opened Linear3.mdb and used a hypertext 

button to access the actual exercises. Memo boxes are 

used for the student to type in answers to the exercise 

questions. On line fifteen, memo box 2 was used at 

11:10:08 to enter and record the answer of '14'. The 

computer progrcun used to record the list entries marked 

the answer '~0K' and also called a procedure to send a 

message on screen to the student that the answer was 

incorrect Line 17 recorded the fact that the student 

answered the question correctly on the third try, at 

11:12:05. 
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Line 18 was the recording of an answer in a 

different memo box 1, which corresponded to another 

exercise and was an incorrect response. The student's 

elapsed time (in seconds) since the last input is 

recorded at the end of each line. The student's name and 

the date of these activities are recorded on the next to 

last line. The total number of events recorded, the 

total elapsed time since the initiation of the session 

and the average number of actions per minute are all 

recorded on the last line. This student chose not to 

access the available Theory section or Example section. 

The EIC list records the path a student takes 

through the tutorial session, order of actions, elapsed 

time, and is the answers were correct and incorrect. 

With this list of actions, the computer has access to a 

student's quantifiable actions. The next step of this 

research is to define functions which allow the computer 

to monitor these actions. 

Introduction of Functions 

For the purposes of general discussion, each 

subdivision of material (identified in the actual excunple 

as a databse\ncane.mdb) will be identified as a ROOM. 

Within each room are options, theory identified as NOTES, 

an EXAMPLE section, an EXERCISE section (identified in 

the actual session by the number of the memo box) to 

allow practice and an INNOVATION section to improve 

critical thinking skills. While the example in Figure 

3.6 does not demonstrate access to notes or examples, 

these activities can be identified when the student opens 

document files. Access to other software tools such as 

spreadsheets, or PSpice, will be identified as TOOL. The 
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outputs to the list will be discussed using the format 

shown in the following figure (Figure 3.7). 

ROOM.NAME — output to list when open database subject 

NOTES — output to list when access Theory 

EXAMPLES— output to list when access Examples 

EXERCISES — output to list when access Applications 

INNOVATION - output to list when access What If section 

NAMEOFTOOL— output to list when access a tool 

MEMO * — where '*' allows identification of the 

particular exercise attempted 

MEMO * "OK — answer to an exercise was incorrect 

MEMO * OK — answer to an exercise was correct 

Figure 3.7. Output to EIC list. 

Defining a Basic Set of Functions 

A function in this research, is sJLmply an algorithm 

for searching all or some portion of the EIC list and 

calculating a value. The value returned will be an 

integer that is >=0. If logical True or False is to be 

returned, then a non-zero value will be treated as TRUE. 

A number of functions must now be defined to allow 

analysis of the data recorded in the EIC list. These 

functions use the data entries in the EIC list to 

evaluate the mental state of the user much as a teacher 

uses the inputs described in Figure 3.5. There are 

thirteen functions in total. Each is briefly described 

in the following figure (Figure 3.8). 
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CURROOM(EIC) 

Read string in EIC list. 

Return location of last ROOM entry in list. 

Identification of Current Subject Area. 

int NOTECT(EIC) 

Calls CURROOM. 

Read strings following CURROOM. 

Increment NOTECT each time find string that matches 

NOTES. 

Returns # of times access notes. 

Function 1 (Fl) 

int EXAMPLECT(EIC) 

Calls CURROOM. 

Read strings following CURROOM. 

Increment EXAMPLECT each time find string that 

matches EXAMPLES. 

Returns # of times access examples. 

Function 2 (F2) 

int TOOLNAME(EIC) 

Calls CURROOM. 

Read strings following CURROOM. 

Increment TOOLNAME each time find string that 

matches NAMEOFTOOL. 

Returns # of times access a tool. 

Function 3 (F3) 

Figure 3.8. Functions. 
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Boolean EXERCISES(EIC) 

Read last string. 

If MEMO * 

return TRUE 

else 

FALSE. 

Function 4 (F4) 

int NUMATT(EIC) 

Calls CURROOM. 

Read strings following CURROOM. 

Increment NUMATT each time find 

matches MEMO * 

Returns # of different problems 

a string that 

attempted OK or "OK. 

Function 5 (F5) 

int WRONG(EIC) 

Calls CURROOM. 

Read strings following CURROOM. 

Increment WRONG each time find string that matches 

MEMO * "OK. 
Returns # of times an incorrect answer is given. 

Function 6 (F6) 

int CORR(NUMATT,WRONG) 

Calculate (NUMATT)-(WRONG) 

Returns number of correct problems within a room 

Function 7 (F7) 

Figure 3.8. Continued 
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int PROBTOT(EIC) 

Read strings MEMO * 

Increment PROBTOT each time find a different 

MEMO * 

Returns the number of different problems attempted 

Function 8 (F8) 

Figure 3.8. int SCORE(PROBTOT,CORR) 

Calculate (CORR/PROBTOT)*100. 

Returns the typical score. 

Function 9 (F9) 

int TIMER(EIC) 

Locate and Read last entry of EIC list. 

Calculate (Current Time)-(Last List Entry Time). 

Returns length of time since last input in seconds 

Function 10 (FIO) 

int ADJSCORE (SCORE, TIMER, WRONG) 

Calculate (SCORE)-(Kl*TIMER)-(K2*WR0NG) 

Returns a weighted score. Recorded in a separate 

file. 

Function 11 (Fll) 

int OK_REPEAT 

Calculate RepeatOK-F7 

Returns number of repeated correct answers 

Function 12 (F12) 

Figure 3.8. Continued 
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Boolean PREREQ(PR.FILE) 

Call CURROOM. 

Read PR.FILE for prerequisites. 

If find prerequisite, 

return ROOM.NAME of the prerequisite with the lowest 

ADJSCORE value, 

else 

FALSE. 

Function 13 (F12) 

Figure 3.8. Continued. 

Functions Fl through F4 search the list for the path 

the student has taken. Functions F5 through F9 are basic 

computational functions used to calculate Functions F9 

and Fll. Functions F9 and Fll calculate the typical 

student score (percentage correct) and a weighted score, 

respectively. 

Scores standing alone do not indicate what a student 

really knows. The number of false attempts and the 

length of time it takes to work a problem are also 

indications of a student's strength in the material. The 

constants kl and k2, given in Function 11 of Figure 3.8 

are weighting factors and are adjustable, dependent on 

(1) whether this is a lower level class or an upper level 

higher performance class or (2) teacher preference. 

Function F12 counts the number of times a student 

reenters correct answers. This is an indication of 

trouble with the system, as opposed to trouble with the 

material. Function 13 of Figure 3.8 is used to attempt 

to locate prerequisite subject material, not yet mastered 

by the student, which may be affecting the student's 

current performance. PR.FILE is a separate file that 
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lists any previously identified and recorded 

prerequisites for each current lesson subject. 

With this set of functions based on a quantifiable 

set of student actions, basic rules can now be defined to 

evaluate a student's actions together with an algorithm 

for generating tutorial responses for the student. 

The Tutorial Response Algorithm 

The algorithm for generating tutorial responses for 

the student is based upon a finite state decision table. 

Table 3.1 illustrates the data abstraction of a state 

table. 

Table 
Fl 

=0 

=1 

=0 

=0 

=1 

=0 

>0 

>0 

F2 

=0 

=0 

=1 

=0 

=0 

=0 

>0 

>0 

3.1. 
F3 

=0 

=0 

=0 

Decision ' 
F4 

=0 

=1 

=1 

= 1 

=1 

= 1 

= 1 

=1 

F9 

>70 

>70 

Table. 
Fll 

>70 

50 

to 

70 

50 

to 

70 

<50 

<50 

<50 

F12 

>0 

F13 

=0 

= 1 

FIO 

>180 

>600 

>600 

Tutorial 

Responses 

1 

2 

2 

3 

1 

4 

5 

6 

7,1 

8,1 

The five quantifiable observations used by a teacher 

may all be represented using combinations of these 
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functions to create appropriate rules. As a student 

progresses from room to room (lesson to lesson), the 

computer continually observes the input and offers 

suggestions and sometimes takes control. Function 11 is 

of particular importance to the behavior of the computer 

within the tutorial session. While the student is making 

satisfactory progress (Fll > 70), the computer acts as a 

cheerleader, primarily offering support, reinforcement, 

and occasional statements indicating that a particular 

answer is incorrect, but remaining unobtrusive. This 

allows the sequential, experimental, passive or active 

learners the latitude to pursue various learning strategy 

preferences. 

Once the student begins to indicate less strength 

(the number of incorrect attempts increases and the 

conount of time spent becomes more substantial), Fll falls 

in the range between 50 and 70, the computer becomes more 

active and attempts to guide the student into other 

sections which may not have been explored. In an attempt 

to create more associations within long-term memory, 

reinforce problem solving skills and abilities, and 

perhaps coerce the student to use a different strategy, 

the computer will scan the student's actions and may make 

suggestions that the student refer to Theory Notes, for 

example. 

As the weighted score (Fll) indicating a student's 

strength and accuracy falls below 50, the computer no 

longer makes suggestions. Instead, the computer begins 

to take an active role as a leader in the learning 

process and will automatically redirect students to 

suspected problem areas or untouched resources. This 

ability to change roles from an unobtrusive watcher to an 

active leader, and redirect the user's own choice in 
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learning strategy is what can make this system a unique 

tutorial system. This system is truly interactive in the 

sense that the student's actions have a direct affect on 

the actions and more importantly attitude and behavior of 

the computer. The computer will redirect the intended 

path of the student's learning session and thus affect 

the student in a very real manner much as a teacher 

redirects a student within the context of a tutoring 

session. 

While the following small sample of tutorial 

responses cannot fully simulate the interaction of a 

teacher and student, it is an indication of the 

possibilities which can be created (Figure 3.9). Each 

instructor will have individual preferences for the 

correct way to acknowledge satisfactory student progress 

and also the lack of satisfactory progress. 

The decision table structure provides a very general 

and compact way to evaluate a set of rules that lead to 

tutorial interaction with the student. It is equivalent 

to a nested set of IF THEN ELSE rules. The algorithm 

that is used with a state teible is contained in Figure 

3.10. 
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(1) Prompt: Do you need help? " 

(2) Prompt: Would you care to print out the material? 

(3) Offer an affirmative or incorrect comment. Take no 
action. 

(4) Suggest the student refer to the NOTES section. 

Prompt to transfer to the NOTES. 

(5) Although student has accessed the THEORY NOTES, 

suggest the student refer to the EXAMPLES section to see 

how the problems are actually completed. Prompt to 

transfer to the EXAMPLES. 

(6) No longer prompt. The student has not willingly 

accessed the NOTES or EXAMPLES sections. Difficulty in 

making satisfactory progress is becoming more pronounced, 

Automatic transfer without student initiation occurs. 

(7) Student has referenced all possible resources within 

the context of the lesson and cannot make satisfactory 

progress. There is no prerequisite. Prompt the student 

to contact the teacher or a tutor. 

(8) Student has referenced all possible resources within 

the context of the lesson and cannot make satisfactory 

progress. There is a prerequisite. The computer checks 

the prerequisites for the lowest prerequisite adjusted 

score and assumes difficulty in this previous section is 

affecting current performance. It will also note if any 

prerequisites have not been completed. The student will 

be automatically transferred to the low scoring 

prerequisite section. 

Figure 3.9. Tutorial Responses. """ 
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For each execution of the algorithm, call each 

function that has been defined on the EIC list. 

Move to the first (next) row of the table. Use 

values returned by the functions to evaluate the 

logical expressions contained in each column of the 

current row. (Note that each expression must 

evaluate to TRUE or False.) 

Form the logical AND of the results of evaluating 

each logical expression in the current row. If the 

result is TRUE, generate the tutorial response 

(action) associated with that row and exit the 

algorithm. 

If the result is FALSE and the current row is not 

the last row, return to step 2. 

If the last row has been evaluated, exit from the 

progrcim. 

Figure 3.10. Tutorial Response Algorithm. 

By using such an algorithm and data structure, the 

problem of providing tutorial interactions is reduced to 

a quantifiable set of student actions, a list of actions 

usually taken, a set of functions defined on the action 

list, a set of rules defined on the functions, and a set 

of tutorial responses defined on the rules. More 

formally: 
A=<ai, a2,...ai> defines a set of i student 

^' ^' actions that can be 
quantified. 

F-<*-, eo e„> defines a list of n events 
E-.<ei, e2,...e„> ^^^^^ ^^^^ ^^^ ^^^ ^^ 

actions A. 

F=<fi(E), f2(E),...f7(E)> defines a set of j rules 
defined on E. 
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R-<ri(F), r2(F) ,...r;c(F)> defines a set of k rules 
defined on F. 

T=<ti(R) ,t2(R) , . . .t;j.(R)> defines a set of k tutorial 
responses defined for each 
element of R. 

Note that the dimensionality of the space created by 

<A, E, F, R, T> is bounded by the range of the subscripts 

i, j , kf and n. The values suggested as realistic for 

the subscripts in this research are as follows: 

1. i=5 Figure 3.5; 

2. J=13 Figure 3.8; 

3. A:=10 Table 3.1. 

The space that must be searched is dominated by n, 

the number of events in the EIC list. For this research 

example, with the proposed actions, functions, and rules, 

the dimensionality (or number of possible combinations) 

is 650n. For a list of 100 events, the dimensionality 

would be 65,000. If the number of computations required 

to generate a tutorial response is a nonlinear function 

of this dimensionality, then the computational problem 

may well be intracteible or at least infeasible with the 

affordable technology available. This returns to the 

significance of the research questions: (1) Is it 

feasible to compute the set of k tutorial responses in a 

timely manner for an EIC list of length n?; and (2) Will 

the responses be a reasonable approximation of the 

analytical skills of a teacher in producing tutorial 

responses? 
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CHAPTER IV 

METHODOLOGY 

The research objective is to address two questions: 

(1) Is it feasible to compute the set of k tutorial 

responses in a timely manner for an EIC list of 

length n? and 

(2) Will the responses be a reasonable approximation of 

the analytical skills of a teacher in producing 

tutorial responses? 

To demonstrate that these functions and rules would 

indeed provide timely and appropriate tutorial responses, 

analysis of the data from twenty student tutorial 

sessions will be performed as follows. 

Subjects and Training Session 

In the spring of 1995, three Basic Algebra II 

classes were used as test subjects to determine the 

feasibility of a computer algorithm to provide 

individualized, timely advice. Each class had an 

enrollment of 30 to 35 students each for a total of 90 to 

105 available subjects to be tested. The subject 

material used in the computer session was basic material 

covered during the first two weeks of class. 

Prior to each student's individual tutorial session, 

each of the three classes met in the computer lab and 

were introduced to the mechanics of the computer. Each 

student was provided with written instructions detailing 

how to turn the computer on, how to use the mouse, click 

on items, access each particular session, etc. (Appendix 

A ) . I personally directed the training sessions and 

suggested that as we progressed through this preparatory 

session the student add any details to the instruction 
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sheet he feels helpful. As a group, the students turned 

on the computer, put in the disk, started the sample 

homework session, navigated between screens, completed 4 

typical exercises, exited the program and removed the 

disk. During these practice sessions, I observed the 

students activities to ensure their competence with the 

necessary actions required to successfully complete a 

lesson. All the students were verbally encouraged to 

make an appointment with me for a private practice 

session if they still felt some anxiety about their 

competency at the end of the training session. Although 

two students did verbally express their anxiety to me at 

the end of the training session, they opted to try the 

test sessions alone first. Each felt successful and did 

not require any further help. 

Assignment of Test Session 

The students were assigned a completion date for the 

actual sessions of interest. The first lesson was due 

within four days of the practice session, while the 

second lesson was due one week after the first lesson. 

The first lesson was titled "Solving Linear Equations" 

and the second lesson "Applications of Linear Equations." 

My choice of questions allowed direct comparison of 

Lesson 1 to Lesson 2. Each of the exercises in Lesson 1 

were of the Scone format as those that would have had to 

be generated for solution of the Application Problems in 

Lesson 2. Thus, if the student was successful in Lesson 

1 and yet unsuccessful in Lesson 2, it could be directly 

attributable to the student's ability to translate story 

problems to a mathematical representation. (Please see 

Appendix B for the screens which the students used.) 
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The students were required to return to the computer 

laboratory, check out a disk, complete the lesson and 

return the disk to the laboratory assistant. Each 

tutorial session consisted of a brief explanation of 

subject theory (referred to as Notes), detailed examples 

of the theory (referred to as Examples), and an exercise 

section of 5 problems. The exercises were not multiple 

choice. The students were required to enter the exact 

answer in the appropriate memo box. Double clicking 

inside the memo box output the answer to the EIC list and 

indicated that the student was ready to have the answer 

checked. The computer responded with either an 

affirmation that the student's answer was correct or an 

incorrect statement. Excunples of the types of responses 

are: 

(1) "Correct. Try another one," and 

(2) "Incorrect. Check your work and try again." 

A laboratory assistant was available to assist the 

student to enter the session successfully (if, for 

excunple, he or she had forgotten how to turn on the 

computer) but was not allowed to assist the student in 

answering the exercise questions or to give advice as to 

the order of selecting the Notes, Examples or Exercise 

sections. Extra copies of the basic instruction sheet 

were available, in case the student forgot to bring his 

own copy. 

Introductory instructions within the session 

reminded the student that the notes and examples were 

available but only completion of the exercise section was 

required. The student pursued a self-directed path. 

Actions taken by the student were recorded in the list. 

The student was not informed as to the extent of the 

actions recorded. The student was told only that I would 
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provide them with a score after the completion of the 

exercises. There was no time limit for the session. 

EIC List Review 

A total of 101 students participated in this part of 

the study. The students' actions recorded in the list 

were printed. There was a total of 247 sessions as some 

of the students tried the lessons more than once. Twenty 

sessions were randomly chosen using a random digit chart 

[23, line 23]. The feasibility of the functions, rules, 

and algorithm to provide timely and appropriate tutorial 

responses was evaluated as follows: 

Timely Advice 

This was demonstrated using a feasibility study. 

1. Identify general structure of the function 

algorithms, i.e., counting, sorting or a 

combination of sorting followed by counting. 

2. Determine the order of computational difficulty. 

3. Determine if each class is computable in real 

time to provide near immediate response to student. 

Appropriate Advice 

A modified Turing test was administered to students 

familiar with the tested lesson subject material. 

Students were presented with the twenty randomly chosen 

tutorial session results in tabular form (Table 4.1). 

Table 4.1. Tabular Format of Turing Test. 

Student 

Activities 

Advice A Advice B 
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The first column represented one of the 20 randomly 

chosen students' activities. The next two columns are 

labeled Advice A and Advice B. For each of the 20 

sessions, one of the columns would hold advice given by a 

teacher while the other column held advice generated 

using the proposed functions, rules, and algorithm. 

Students who had not participated in the actual computer 

lesson sessions were given this modified Turing test 

questionnaire. Each student was asked to identify the 

column which held the advice supplied by the teacher. 

Each student attempted to correctly identify the 

teacher's advice for all twenty randomly chosen sessions. 

See Appendix C for the specific instructions read to the 

students and the actual 20 sessions presented. 

Using a 20 question test, the score indicating the 

percentage correct in identifying the teacher's advice 

can range from 0% to 100%, in multiples of 5%. For a 

question with 2 possible answers, the probability that a 

random guess results in a correct response is 0.5 (50%). 

The first indication that a student has some evidence 

distinguishing the teacher's advice from the computer's 

is when the score is 55% correct identifying the teacher. 

The closer the student moves toward 100% correct in 

choosing the teacher's advice, the more evidence that the 

student is not guessing and there is some evidence to 

correctly identify the teacher. 

The null hypothesis for this modified Turing test 

is: the students can correctly identify the teacher's 

advice with a mean >= 55% of the time. This claim is to 

be tested with a significance level of 0.05. The 

alternative hypothesis is that the students correctly 

identify the teacher's advice with a mean < 55%. If the 
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students correctly identify the teacher's advice < 55% of 

the time, this is an indication that the computer's 

advice is appropriate to the user (the student) and 

comparable to that of a teacher. 

This portion of the study required a great deal of 

preparatory work. Figure 4.1 is a flow chart indicating 

the necessary activities to produce the modified Turing 

test. 

In order to compare the algorithmic rule based 

advice to a teacher's advice, there must be a common 

language basis. For example, an initial trial of 

obtaining advice (orally) from two teachers, resulted in 

the following table (Table 4.2). 

Table 4.2. Comparison of Teachers' Advice. 

Student 

Activities 

Start 

Looks 
at 

Notes 
Looks 

at 
Examples 

Question 1 
Correct 

Question 2 
Correct 

Question 3 
Incorrect 
Question 3 

Correct 
Question 4 
Correct 
Finished 

Teacher 1 Advice 

"Good Job." 

"Good Job." 
Check your work. 

Try Again. 

"Good." 

"Good." 
"All Done." 

Teacher 2 Advice 

Suggests the 
student goes over 
theory and a few 
examples first. 

"Good." 

"Good" 

Go to Notes. 
"Good. You 
understand." 

"Atta Boyl" 
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Present apprapfiatc 
langvage basis questionnaire 
to 7 member expert pond 

Compare expert suggestions 
and npdate language Gst. 

Randomly dioose 20 student 
tossons Crom EIC logs. 

Udng approved language 
list, d«tennin« compoter's 
advice for (he 20 sample 
sessions. 

Present approved language list and 
20 sample sessions to eadi of 5 
advising panel members. 

For each of the 20 sessions, 
ramdomly choose advice from 
one of the advisiog panel members. 

Randomly choose colcoam 'A* or 'B* 
for teacher'i; Advice. Place cempoter 
advice in other colomn. 

Admndster modiIie<l Taring test 
qaestioimaire to stadents. 

Figure 4.1. Flow Chart for Creating 
Modified Turing Test 
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While it was evident that there were certain 

similarities, there needed to be an accepted common 

language reference. A common language basis allowed 

direct comparison between the teachers' and the rule-

based advice. 

A panel of seven expert teachers, each of whom have 

had taught a minimum of 20 years (mean 26.4 years), was 

recruited. A questionnaire was presented to the expert 

teachers in order to identify the appropriateness of a 

proposed common descriptive language. The questionnaire 

is contained in Appendix D. The general types of 

categories were listed with the expert teachers given the 

choices of "Appropriate," "Not appropriate," or "No 

Opinion." A category "Other" allowed the expert to 

contribute any response types not already listed, if 

desired. The results of the questionnaire are contained 

in Appendix E. Keeping those responses that the majority 

of the experts felt appropriate and adding two new 

suggestions, the common descriptive language choices are 

listed in Figure 4.2. 

43 



(1) Affirmation 

(Example: Good job.) 

(2) Incorrect 

(Example: Try again. Check your work.) 

(3) Reference to theory 

(Example: Don't forget (key point).) 

(4) Work out a similar problem. 

(5) Work out a similar problem and let them keep it as a 

reference. 

(6) Not good enough 

(Example: You need to reduce further.) 

(7) Check competence with prerequisite material. 

(8) Observe the student. 

(9) Work out the problem in question. 

(10) Suggest a tutor. 

(11) Ask them to work the problem using a different 

technique. 

(12) Ask leading questions. 

(Excunple: Where do you think you need help?) 

Figure 4.2. Categories of Responses. 

A second panel of five teachers was then used to 

provide advice for each of the individual, randomly 

chosen, 20 student sessions. These teachers were 

considered knowledgeable as they had taught the math 

subject material for a minimum of 5 years each. 

This second panel was presented with the actions of 

each student. The panel members also had a list of those 

appropriate category responses obtained from the expert 

panel questionnaire and a copy of the actual exercises 

the student completed within the lesson sessions. Each 

member of the panel chose responses from the common 

language base. Each panel member responded individually 
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so that other instructors' opinions did not affect 

responses. At any step the instructor felt appropriate, 

he or she chose a category of response from the language 

basis list and wrote it next to the student's actions. 

Thus, a teacher might have chosen "Affirmation" rather 

than saying "Great1." 

For each of the twenty randomly chosen sessions, one 

of the five teachers' advice corresponding to that 

particular session was chosen at random using a random 

digit chart [20]. Also using the random digit chart 

[20], the teacher's advice was placed in column A or 

column B. Hand calculation of the computer algorithmic 

response that would have been given, choosing category 

responses from the common language list, was performed. 

The calculated computer advice was placed in the other 

column. The student's activities, teacher advice and 

computer advice were presented in the form of Table 4.3. 

Students were then asked to identify the column, A or B, 

which contained the teacher's advice. The list of the 

location of the teacher's advice and which of the five 

teacher's advice was used is contained in Appendix F. 
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Table 4.3. Scunple Turing Test Session. 

Lesson 1 

Actions 

Question 

5 

Question 

5 

Question 

5 

Question 

2 

Question 

20 

Question 

20 

1 

1 

2 

3 

5 

5 

Finished 

Response A 

Affirmation 

Affirmation 

Affirmation 

Affirmation 

Ask leading 

question. 

Response B 

Affirmation 

Affirmation 

Ask leading 

question. 

Affirmation 

Affirmation 

Affirmation 

Ask leading 

question. 
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CHAPTER V 

RESULTS 

The approach taken in this research was to define a 

feasible set of inputs, functions, rules, and an 

algorithm applicable to a tutorial session that 

approximates the analytical skills of a teacher. The 

inputs, functions, rules, and the algorithm were all 

discussed and defined in Chapter IV. Using these inputs 

(actions), functions, rules and an algoritlim for 

generating tutorial interactions with the user, this 

research would address the following two questions: 

1. Given realistic values for the number of actions, 

functions, and rules, together with an algorithm for 

generating tutorial responses for the user, is it 

feasible to perform the required computations in a 

timely manner. "Timely" indicates a computation 

that can be performed in less than 0.5 seconds using 

a commonly affordable i486-DX 66 MHz based personal 

computer. 

2. Given realistic values for the number of actions, 

functions, rules and an algorithm for generating 

tutorial responses for the user, are the responses a 

reasonable approximation of the advice that a real 

teacher would provide. 

Using the twenty randomly chosen lesson sessions, 

the research questions will now be discussed. 

Timely Advice 

Given realistic values for the number of actions, 

functions, and rules, together with an algorithm for 

generating tutorial responses for the user, is it 

feasible to perform the required computations in less 
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than 0.5 seconds using a commonly affordable i486-DX 66 

MHz based personal computer. 

Each of the functions, presented in Figure 3.8. was 

analyzed for basic machine language structure and the 

general computing processes generated and presented in 

Figure 5.1. In all cases, a maximum of N + 2 data entry 

items in the EIC list was assumed. "N" represents the 

number of actions within the lesson session. The "+2" 

accounts for the first list entry and last data entry. 

Tjnax represents the maximum time in clock cycles for the 

processes to be completed [21]. 

The time required to process the EIC list is a 

maximiun if all j functions are called and processed for 

the last entry "N" in the EIC list. The sum of Tmax 

would then be: 

Fl Tmax + F2 T̂ ax + F3 T̂ ax +• - .+F13 T̂ ax 

={[13N + 18] + [13N + 18] + [13N + 18] + [31.5N + 9] 

+ [46N - 15 +[N(N-1)/2](13)] + [31N + 9] 

+ [21N + 9] + [31N + 9] + [194N + 9] + [9N + 27] 

+ [193N] + [21N + 9] + [9N + 9]} 

= (13/2)[N(N-l)] + 625.5N + 129 clock cycles. 
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Fl <= 0 

Read EIC list 

If find Match 

Fl <= 1 

Else 

Nothing. 

Action 

MOV memory, register 

CMP memory, register 

"Notes" 

MOV memory, register 

Maximiun processes: Zero Fl, read N items 

Tmax = 9 + 13N 

Clock cvcles 

9 (once) 

13 (per compare) 

9 (once) 

and update Fl. 

+ 9 = 13N + 18 clock cycles. 

Fl Accessed Notes? 

Action 

F2 <= 0 MOV memory, register 

Read EIC list CMP memory, register 

If find Match "Examples" 

F2 <= 1 MOV memory, register 

Else 

Nothing. 

Maximum processes: Zero F2, read N items 

Clock cycles 

9 (once) 

13 (per compare) 

9 (once) 

and update F2. 

Tmax = 9 + 13N + 9 = 13N + 18 clock cycles. 

F2 Accessed Examples? 

Figure 5.1. Function Computing Processes 
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Action 

F3 <= 0 MOV memory 

Read EIC list CMP memory. 

If find Match "Tool" 

F3 <= 1 MOV memory. 

Else 

Nothing 

Maximum processes: Zero F3 

Tmax = 9 + 13N + 9 = 13N + 

f register 

register 

register 

r read N items 

Clock cvcles 

9 (once) 

13 (per compare) 

9 (once) 

and update F3. 

18 clock cycles. 

F3 Accessed Tool? 

Action 

F4 <= 0 MOV memory, register 

A Read EIC list CMP memory, register 

If find Match "Exercises" 

F4 <= 1 MOV memory, register 

Last Entry? JMP B 

Keep reading EIC JMP A 

Else 

If find Match "Exit Exercises" MOV 

F4 <= 0 

Last Entry? JMP B 

Keep reading EIC JMP A 

B Quit 

Clock cvcles 

9 (once) 

13/compare 

9 

15 

15 

9 

15 

15 

Maximum processes: Zero F4, Alternate Exercises/Exit 

Exercises N times, JMP (N)/2 times. 

Tmax = 9 + 15N + 9N + 15((N)/2) = 9 + 15N + 

= 31.5N + 9 clock cycles. 

9N + 7.5N 

F4 In Exercises? 

Figure 5.1. Continued. 
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Action Clock cvcles 

^^ "̂ = 0 MOV memory, register 9 (once) 

Read EIC list CMP memory, register 13/compare 

If find Match "Any Exercise, number,OK or "OK" 

Increment F5 INC 3 

Store that specific Exercise, 

in Memory Exercise_Record MOV 9 

A If "Any Exercise, number, ~ OK" INC RepeafOK 3 

If "Any Exercise, number,OK" INC RepeatOK 3 

Read next EIC list entry CMP 13/compare 

No more entries- JMP C JMP 15 

If find Match any Exercise, number, OK or "OK 

Compare to match to Exercise_Record 

B If match Exercise_Record 

JMP A JMP 15 

Else 

If last Exercise _Record Entry 

JMP A JMP 15 

Go to next Exercise_Record Entry 

Increment F5 INC 3 

Store that specific Exercise 

in Exercise_Record MOV 9 

JMP A JMP 15 

Else 

JMP B JMP 15 

C Quit 

Maximum processes: Zero F5, Read N items EIC, Read N - 2 

items ExerciseRecord, record N entries Exercise_Record, 

N - 1 jumps and N increments. 

Tmax=46N - 15 + (1 + 2+ 3 +...N - 1)(13) clock cycles. 

=46N-15 + [N(N-l)/2](13) where N is an integer and >1. 

F5 Different Problems OK or "OK Attempted. 

Figure 5.1. Continued. 
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Action Clock cvcles 

F6 <= 0 MOV memory, register 9 

Read Exercise_Record CMP memory, register 13/compare 

A If find Match "Any Exercise, number, "OK" 

Increment F6 INC 3 

If last entry Exercise_Record 

JMP B JMP 15 

Else 

Go to next Exercise_Record entry 

JMP A JMP 15 

B Quit 

Maximum processes: Zero F6, Read N entries. Increment N 

times. Jump N times. 

Tmax = 9 + 13N + 3N + 15N =31N + 9 clock cycles. 

F6 Exercises Wrong 

Action 

F7 <= 0 MOV 

<= F6 MOV 

<=F5 MOV 

F7 <= F5 - F6 SUB 

Maximum processes: Could 

Tmax = 9 + (9 + 9 + 3)N = 

calculate 

2 IN + 9 c 

for 

lock 

each 

cycl 

Clock cycles 

9 (once) 

9 

9 

3 

entry, N. 

es. 

F7 Number Correct? 

Figure 5.1 Continued. 
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Action 

F8 <= 0 MOV memory, register 

Read ExerciseRecord CMP memory, register 

A If find Match "Any Exercise, number, OK" 

Increment F8 INC 

If last entry Exercise_Record 

JMP B JMP 

Else 

Go to next Exercise_Record entry 

JMP A JMP 

B Quit 

Maximum processes: Zero F8, Read N entries. 

times. Jump N times. 

Clock Cvcles 

9 

13 /compare 

3 

15 

15 

Increment N 

Tmax = 9 + 13N + 3N + 15N = 31N + 9 clock cycles. 

F8 Total Different Problems? 

F9 <= 0 

<=F7 

<=F8 

F7/F8 

F9 <= F7/F8 

F9 <= F9*100 

Action 

MOV memory, 

MOV 

MOV 

DIV 

MOV 

MUL 

Maximum processes: Zero F9, 

score for each 

Tmax = 9 + (9 + 

=194N + 9 

one. 

9 + 90 + 9 + 

clock cycles 

F9 

Clock cvcles 

register 9 (once) 

9 

9 

80-90 

9 

70-77 

N exercises and calculate 

77)(N) =9 + 194N 

Score? 

Figure 5.1. Continued. 
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Time_Record <= 

Read EIC list 

If first entry 

Time_Record 

Else 

Time_Record 

0 

< = 

< = 

Maximum processes: 

calculate N + . 

Tmax = 9 + 9 + 

Action 

MOV 

Current time 

Current time -

Zero 

L times. 

9(N + 1) 

Time 

Time_Record, 

= 9N + 27 

MOV 

_Record 

Clock cycles 

9 (once) 

9 

SUB 9 

move 1st time. 

clock cycles. 

FIO Elapsed time since last entry? 

Action 

<= RepeafOK MOV 

<=F7 MOV 

DUP'OK <= RepeatOK - F76 SUB 

kl*Time_Record MUL 

k2*F5 MUL 

X <= kl*Time_Record + k2*(DUP"0K) 

Fll <= F9 - X SUB 

Maximum processes: Could calculate 

times. 

ADD 

for 

Clock cvcles 

9 

9 

3 

70 - 77 

70 - 77 

9 

9 

exercises N 

Tmax = (77 + 77 + 9 + 9)(N) =190N clock cycles. 

Fll Adjusted Score 

Figure 5.1. Continued. 
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Action 

F12 <= 0 MOV 

<= RepeatOK MOV 

<=F7 MOV 

F7 <= RepeatOK - F7 SUB 

Maximum processes: Could calculate 

Tmax = 9 + (9 + 9 + 3)N = 21N + 9 c 

for 

lock 

each 

cycl 

Clock cvcles 

9 (once) 

9 

9 

3 

entry, N. 

es. 

F12 Duplicate Correct Answers? 

Action 

Assume previously stored 

designed 

Read Prerequisite_Record 

in memory when 

Comp memory, 

If no prerequisite 

F12 <= 0 

Else 

F12 <= 1 

Maximum processes: 

reset once. 

Tmax = 9(N) + 9 =9N 

Could 

+ 9 c: 

MOV 

MOV 

check 

register 

prerequij 

lock cycles. 

Clock cvcles 

system screens 

site 

13/compare 

9 

9 

N times and 

F13 Prerequisite? 

Figure 5.1. Continued 
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For the 247 sessions (choice of two lessons, 5 

questions each, with Notes and Examples available for 

each lesson) recorded during this study, the largest 

number of actions taken by a student, N, was 122. The 

maximum amount of time to process the EIC list, decision 

table and provide a tutorial response would then be 

approximated by: 

Tmax = (13/2)[N(N-l)] + 625.5N + 129 +650N clock cycles. 

= 251,693 clock cycles. 

For a 66 MHz computer processing speed (66,000,000 cycles 

per second), the time required to process all of the 

actions, all of the possible combinations of the decision 

table and provide an output would be (251,693 clock 

cycles/66,000,000 clock cycles per second) 0.0038 

seconds. This value is well within the limits of 0.5 

seconds for timely operation. 

For large values of N, the N term of the formula 

used to calculate the maximum T, becomes dominant and the 

linear terms and the constant become insignificant in 

comparison. The mciximum time, T, to process information 

is proportional to N . While nonlinear, this does not 

indicate that the proposed functions, rules and algorithm 

are infeasible or intractable with affordcdale technology. 

First, if the designer is aware that the dominant 

function, in terms of computational time, is F5, the 

structure of the tutorial session can be altered to 

reduce the number of times F5 is required to be called to 

a minimum. Those row combinations most likely to occur 

in the decision table could be placed nearer the top than 

those more unlikely to occur. This would reduce the 

decision table processing time (insignificant, in 
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comparison) and, more importantly, reduce the number of 

times that F5 would have to be calculated. 

Another consideration, is that the student is not 

always typing in an input within the context of the 

lesson. Much of the time is spent, reading, preparing 

the answer, and getting ready for the next action. The 

computer may be calculating values all this time, without 

any delay for the student, and then less time than 

processing the entire table to perform the last few 

calculations required for a response when the student 

performs and action recorded to the list. 

Using the formula: 

Tmax = (13/2)[N(N-l)] + 625.5N + 129 +650N clock cycles, 

it is possible to calculate the number of possible 

actions that could be processed and still provide a 

timely response within 0.5 seconds. In 0.5 seconds, a 66 

MHz computer could process 33,000,000 clock cycles. 

Solving the following equation for N: 

33,000,000 = (13/2)[N(N-l)] + 625.5N + 129 +650N 

N = 2157.66 or N = -2352.89. 

Thus, it would be possible for the computer to process 

approximately 2100 actions before a user would notice an 

untimely delay. It is unlikely that a student will 

remain in a lesson long enough to provide the computer 

with 2100 actions recorded in the EIC list. 

Thus, while the computational time is not a linear 

function with regards to N, it is not infeasible or 

intractable. Therefore, given realistic values for the 
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number of actions, functions, rules and an algorithm for 

generating tutorial responses for the user, it is 

feasible to perform the required computations in a timely 

manner, in less than 0.5 seconds using a commonly 

affordable i486-DX 66 MHz based personal computer. 

Appropriate Advice 

Given realistic values for the number of actions, 

functions, rules and an algorithm for generating tutorial 

responses for the user, are the responses a reasonable 

approximation of the advice that a real teacher would 

provide based on the given set of user actions? As 

discussed in the Methodology chapter, a modified Turing 

test was designed using a common language basis and 

administered to 150 students as a questionnaire. (See 

Appendix C for the Turing Test Questionnaire.) The 

students were also given a copy of the exercise screens 

used by the students who participated in the lesson 

sessions and used by the teachers to supply advice. 

These students were enrolled in Mathematics courses or a 

math-related course such as Chemistry or Physics. Some 

of the handouts were not returned. Other handouts were 

incorrectly filled out and had to be discarded. A total 

of 133 lesson handouts were returned and scored. 

Each student received a percentage score based on 

the number of times (out of 20) that he or she could 

correctly identify the teacher's advice. Table 5.1 is a 

frequency table indicating how many students scored a 

particular percentage. For example, four students 

correctly identified the teacher's advice 30% of the 

time. 
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Table 5.1 Student Scores Frequency Table. 

Score 

correct identification 

of the teacher's advice 

(%) 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

Frequency 

number of students 

1 

4 

3 

8 

36 

23 

20 

10 

11 

8 

8 

1 

Figure 5.2, below, shows the actual distribution of 

the data. The horizontal axis is Score and the vertical 

axis is Frequency. 

25 30 35 40 45 50 55 60 65 70 75 80 

Figure 5.2. Data Distribution 
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The sample is large, N=133, and the central limit 

theorem and the normal distribution can be applied. The 

mean of the percent score correct is 52.59% with a 

standard deviation of 11.27%. The P-value is 0.0068. As 

the P-value is less than the significance level of 0.05, 

there is sufficient evidence to reject the null 

hypothesis that the students can correctly identify the 

teacher's advice with a mean score >= 55%. The 

alternative hypothesis, that the students correctly 

identify the teacher's advice with a mean score < 55%, 

indicates that the computer, in the opinion of the 

student user, supplied appropriate tutorial responses. 

Returning to the second research question: Given 

realistic values for the number of actions, functions, 

rules and an algorithm for generating tutorial responses 

for the user, are the responses a reasonable 

approximation of the advice that a real teacher would 

provide based on the given set of user actions? Based on 

the modified Turing test results, the functions, rules, 

and algorithm do generate appropriate tutorial responses 

and advice. 
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CHAPTER VI 

CONCLUSIONS 

The purpose of this research was to define a 

feasible set of inputs, functions, rules, and an 

algorithm applicable to a tutorial session that 

approximated the analytical skills of a teacher. This 

research would address the following two questions: 

1. Given realistic values for the number of actions, 

functions, and rules, together with an algorithm for 

generating tutorial responses for the user, is it 

feasible to perform the required computations in a 

timely manner. "Timely" indicates a computation 

that can be performed in less than 0.5 seconds using 

a commonly affordable i486-DX 66 MHz based personal 

computer. 

2. Given realistic values for the number of actions, 

functions, rules and an algorithm for generating 

tutorial responses for the user, are the responses a 

reasonable approximation of the advice that a real 

teacher would provide. 

Based on a computational analysis of the functions 

and decision table processing algorithm, it was possible 

within the lessons actually tested to have provided 

responses with a maximum computational delay time of 

0.0038 seconds. This delay time is well within the 

proposed restriction of a maximum 0.5 second delay. The 

time required to complete the computations necessary to 

provide the correct response to the user was determined 
2 

to be on the order of N , where N represents the number 

of action, or inputs, generated by a student within a 

single tutorial session. It was algebraically determined 

that approximately 2100 actions may be input by the 
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student before a noticeable response delay time (0.5 

seconds) occurs. Careful organization of the decision 

table, such that the most common combinations come 

earlier in the table, is one method of reducing the delay 

time. Thus, it is feasible to perform the required 

computations in a timely manner. 

The analysis of 133 student evaluations of a 

modified Turing test indicated that the students could 

correctly distinguish the teacher's advice from the 

computer's responses only 52.59% of the time (standard 

deviation 11.27%, P-value 0.0068). Students, as the 

users of this proposed tutorial design, should be the 

best judge of the appropriateness of the responses. They 

could not statistically distinguish the teacher's advice 

from the advice generated by the proposed functions, 

rules, and algorithm. Therefore, the algorithmically 

generated advice seemed appropriate to them, the intended 

user. The responses are a reasonable approximation of 

the advice that a real teacher would provide. This 

research has satisfactorily addressed the timeliness and 

appropriateness of generating tutorial responses based on 

a set of actions taken by individual students, and 

analyzed using the proposed functions, rules and 

algoritlim. The system is feasible and appropriate and 

should be implemented. 

This system is adaptable to the student's degree of 

success within the tutorial session. The computer begins 

as an unobtrusive observer and may become more active and 

a leader in the interaction as the student's success, 

measured by a weighted test score, decreases below a 

predetermined level. The computer tutorial rules and 

functions allow appropriate feedback and guidance. This 

system is truly interactive in the sense that the 
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student's actions have a direct effect on the actions and 

more importantly attitude and behavior of the computer. 

The computer will redirect the intended path of the 

student's learning session and thus affect the student in 

a very real manner much as a teacher redirects a student 

within the context of a tutoring session. 

After full implementation of this proposed system, 

further study is necessary to determine if gender and/or 

learning style differences among the users plays a role 

in the relative effectiveness of the tutorial system. 
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APPENDIX A 

TRAINING SESSION HANDOUT 
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General Instructions for the computer exercises 

DOUBLE CLICK means to depress the left button of the mouse twice in rapid 
succession. 

SINGLE CLICK means to depress the left button of the mouse once 

To open the session, DOUBLE CLICK on the square labeled SIMPLE. 

While the computer is busy, the arrow changes to an hourglass. It will not 
accept any input from you at this time as it is performing the last instruction you 
gave it. 

A screen similar to the one below will appear. 

DOUBLE CLICK on the left picture (icon) of the building labeled SIMPLE. 
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When the SIMPLE package opens, you will see a screen with the word FILES in 
the upper left comer. 

pies Windows Misc Quick gck Ijelp |Mode| 

53X 4837KFrce 

SINGLE dick on the word FILES. A menu will drop down under the FILES 
category. 
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SINGLE CLICK on the word LOGIN. 
You will be asked to type in your name. When vou are satisfied with your 
name, hit ENTER. You will then be prompted to enter an ID number. Use 
the last 6 digits of your social security number. Hit ENTER. 

Now, go to FILES , SINGLE CLICK on the word FILES. 

Go down to OPEN DATABASE and SINGLE CLICK on the words OPEN 
DATABASE. 

A new screen appears. 

69 



SIMPLE 
Elles Windows jAisc Quick Eick Help |Mode| 

File Hi 

BTTO 
Qkedoiies: 

c: VsiinpleVdatabase 

amwcf.Mdb 
biacing.iiidb 
c:d_d««iio.indb 
detNig.M<lb 
etopty.ndb 
enlrance.mdb 
exponent mdb 
loi .ndb 

P^ simple 
I te database 

^ 

D Eead Only 

List Pies of Jype: Oiix.es: 
HOB Pies (-.HOB) 1 I c: 840284131 

51X 4254KFrcc 

Find EXPONENT.MDB and SINGLE CLICK on it Then click on OK. 

Follow the directions you will see on the screen. 

Throughout the exponent section, you will SINGLE CLICK to choose an action. 

If you choose to print the notes or examples sections, choose FILE and SINGLE 
CLICK on the word FILE. Then. SINGLE CLICK on the word PRINT. 

A new screen will appear to confirm your choice of printers, just SINGLE 
CLICK on OK. 

To close the exercise or notes screens, DOUBLE CLICK the little 
horizontal dash in the upper left corner. 

When you are finished, choose FILE and SINGLE CLICK. Go down to LOGOUT 
and SINGLE CLICK Then oo to CLOSE DATABASE and SINGLE CLICK 

Go to the little horizontal dash in the upper left comer and DOUBLE CLICK. 

You're finished!! Thanks!! 
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APPENDIX B 

SCREENS FOR ACTUAL LESSONS 
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Lesson 1 (Questions 1, 2, 3, 4, and 5) 

Solving Linear Equations Exercises 

Answer each question below by moving the arrow toward the answer 
box. When it passes into the confines of the box the arrow will 
change to a vertical line. Position it just before the question mark and 
dick the left button of the mouse once. Use the delete key to delete 
the question mark. Then begin typing your response. 

X + 5x = 30 

10x + 5(7-x) = 60 

x + x + 2 + x + 4 = 1 2 

x+2x + x + 2x + 2x'=36 

x + 0.5x = 30 

? 

? 

? 

? 

? 

Question 4 was omitted by the students. The last term "2x" was a mistake and so the 
answer given by a student would not match the answer checker. 
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Lesson 2 (Questions 1 and 2) 

Cap-002 

You have chosen the Story Problems section. Answer the 
questions below and on the next page. Place your answers 
in the boxes to the right. Use the mouse to move the arrow 
toward the answer box. As it comes within the confines of 
the box, it will change to a vertical line. Place the vertical 
line to the left of the question mark, click the left button of 
the mouse once. Use the delete key to delete the question 
mark. Begin typing your answer. Double click next to your 
answer and the computer will check it. 

One number is two times another. Their sum is 42. 
What is the LARGER number? 

The length of a rectangle is 5 times the width 
perimeter is 120. What is the width of the 
rectangle? 

The 

73 



Lesson 2 (Questions 3, 4, and 5) 

Second page Story Problems 

A worker receives a 10 percent raise. His 
new salary is 1100 dollars a month. How 
many dollars a month was he earning before 
the raise? 

I have 10 coins worth $1.90. If the coins are 
quarters and dimes, how many quarters do 1 
have? 

Th sum of two consecutive numbers is 63. 
What is the smallei number? 

jmimm(a>d isi ' i^^ijn^iiMi^ 
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APPENDIX C 

MODIFIED TURING TEST QUESTIONNAIRE 
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As a part of their homework grade,101 Basic Algebra 

II students were assigned two computerized lessons. 

Lesson 1 was "Solving Linear Equations in one Variable." 

and Lesson 2 was "Applications of Linear Equations in one 

Variable." (Please refer to the lesson handout included.) 

Within each lesson, were three separate sections: 

(1) theory notes, 

(2) examples, and 

(3) exercises. 

Only the exercises were required. But the student was 

instructed verbally and via written instructions within 

the lesson, that he could access the notes or examples at 

any time, if desired. 

From a total of 224 recorded lessons (some of the 

students accessed the lessons more than once), 20 lessons 

have been chosen at random. The actions of the students 

are presented below in tabular form. 

For each of the lessons, advice was given by one of 

five teachers (chosen at random for each of the sessions) 

and separate advice was given for the same situation 

using a computer algorithm. For each session, one of the 

two Advice columns corresponds to a computer's advice and 

one of the columns corresponds to a teacher's advice. 

From the "Advice A" or "Advice B" column, please choose 

the advice you believe was supplied by the teacher and 

write "A" or "B" in the fill-in-the-blank statement below 

each lesson session. 
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Lesson 1 

Actions 

Question 1 

5 

Question 1 

5 

Question 2 

5 

Question 3 

2 

Question 5 

20 

Question 5 

20 

Finished 

Response A 

Affirmation 

Affirmation 

Affirmation 

Affirmation 

Ask leading 

question. 

Response B 

Affirmation 

Affirmation 

Ask leading 

question. 

Affirmation 

Affirmation 

Affirmation 

Ask leading 

question. 

The teacher supplied Advice 
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Lesson 1 

Actions 

Nothing attempted 

Finished 

Response A 

Ask leading 

question. 

Response B 

Ask leading 

question. 

The teacher supplied Advice 
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Actions 

Lesson 1 

Response A Response B 

Looked at Examples Observe the 

student. 

Looked at Question 

1 

Did not give an 

answer 

Looked at Question 

2 

Did not give an 

answer 

Ask leading 

question. 

Work out the 

problem in 

question. 

Finished 

Check competence 

with prerequisite 

material. 

Work out a similar 

problem and let 

them keep it as a 

reference. 

Work out the 

problem in 

question. 

Reference to 

theory. 

Suggest a tutor. 

Ask leading 

question. 

The teacher supplied Advice 
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Lesson 1 

Actions 

Question 1 

5 

Question 2 

5 

Question 3 

2 

Question 5 

20 

Finished 

Response A 

Affirmation 

Affirmation 

Affirmation 

Affirmation 

Response B 

Affirmation 

Affirmation 

Affirmation 

Affirmation 

The teacher supplied Advice 
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Lesson 1 

Actions 

Looked at Theory 

Notes 

Question 5 

20 

Question 1 

5 

Question 2 

7 

Question 2 

5 

Question 3 

2 

Finished 

Response A 

Affirmation 

Affirmation 

Incorrect 

Affirmation 

Affirmation 

Response B 

Affirmation 

Affirmation 

Incorrect 

Affirmation 

Affirmation 

The teacher supplied Advice 
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Lesson 1 

Actions 

Question 1 

5 

Question 2 

5 

Question 3 

6 

Question 3 

2 

Question 5 

20 

Finished 

Response A 

Affirmation 

Affirmation 

Incorrect 

Affirmation 

Affirmation 

Affirmation 

Response B 

Affirmation 

Affirmation 

Ask leading 

question. 

Incorrect 

Affirmation 

Affirmation 

The teacher supplied Advice 
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Lesson 1 

Actions 

Question 

5 

Question 

7 

Question 

5 

Question 

2 

Question 

45 

Question 

45 

Question 

20 

1 

2 

2 

3 

5 

5 

5 

Finished 

Response A 

Affirmation 

Incorrect 

Affirmation 

Affirmation 

Incorrect 

Incorrect 

Reference to 

theory 

Affirmation 

Response B 

Affirmation 

Incorrect 

Affirmation 

Affirmation 

Incorrect 

Work out the 

problem in 

question 

Affirmation 

The teacher supplied Advice 
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Lesson 1 

Actions 

Question 1 

6 

Question 1 

5 

Question 2 

1 

Question 2 

5 

Question 2 

5 

Question 2 

5 

Question 2 

5 

Question 3 

2 

Question 5 

20 

Finished 

rhe teacher supplied 

Response A 

Incorrect 

Affirmation 

Incorrect 

Affirmation 

Ask leading 

question. 

Ask leading 

question. 

Observe the 

student. 

Ask leading 

question. 

Affirmation 

Affirmation 

Affirmation 

Advice 

Response B 

Incorrect 

Affirmation 

Incorrect 

Affirmation 

Affirmation 

Ask leading 

question. 

Ask leading 

question. 

Ask leading 

question. 

Affirmation 1 

Affirmation 
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Lesson 1 

Actions 

Question 2 

5 

Question 3 

2 

Question 5 

15 

Question 5 

0 

Question 5 

20 

Finished 

Response A 

Affirmation 

Affirmation 

Incorrect 

Work out a similar 

question and let 

them keep it as a 

reference. 

Affirmation 

Response B 

Affirmation 

Affirmation 

Incorrect 

Incorrect 

Reference to 

theory. 

Affirmation 

The teacher supplied Advice 
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Lesson 1 

Actions 

Question 1 

6 

Question 1 

5 

Question 2 

5 

Question 3 

2 

Question 5 

20 

Finished 

Response A 

Incorrect 

Affirmation 

Affirmation 

Affirmation 

Affirmation 

Response B 

Incorrect. 

Reference to 

theory. 

Affirmation 

Affirmation 

Affirmation 

Affirmation 

The teacher supplied Advice 
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Lesson 1 

Actions 

Question 1 

5 

Question 2 

5 

Question 3 

0.75 

Question 5 

20 

Finished 

Response A 

Affirmation 

Affirmation 

Incorrect 

Affirmation 

Response B 

Affirmation 

Affirmation 

Work out a 

similar problem 

and let them 

keep it as a 

reference. 

Affirmation 

The teacher supplied Advice 
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Lesson 1 

Actions 

Question 1 

5 

Question 2 

6 

Question 2 

5 

Question 3 

2 

Question 5 

5 

Question 5 

6 

Question 5 

5 

Finished 

Response A 

Affirmation 

Incorrect 

Affirmation 

Affirmation 

Incorrect 

Incorrect 

Reference to 

theory. 

Incorrect 

Work out a 

similar problem 

and let them keep 

it as a 

reference. 

Response B 

Affirmation 

Incorrect 

Affirmation 

Affirmation 

Incorrect 

Reference to 

theory. 

Work out 

similar problem 

and let them 

keep it as a 

reference. 

The teacher supplied Advice 
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Lesson 1 

Actions 

Question 

5 

Question 

5 

Question 

2 

Question 

20 

1 

2 

3 

5 

Finished 

Response A 

Affirmation 

Affirmation 

Affirmation 

Affirmation 

Response B 

Affirmation 

Affirmation 

Affirmation 

Affirmation 

The teacher supplied Advice 
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Lesson 2 

Previously, in Lesson 1, this student answered all of 

the questions correctly on the first try. 

Actions 

Question 1 

28 

Question 2 

10 

Question 3 

990 

Question 4 

6 

Question 5 

21 

Question 5 

31 

Finished 

Response A 

Affirmation 

Affirmation 

Incorrect 

Reference to 

theory. 

Affirmation 

Incorrect 

Affirmation 

Response B 

Affirmation 

Affirmation 

Reference to 

theory. 

Affirmation 

Incorrect 

Affirmation 

The teacher supplied Advice 
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Lesson 2 

Previously, in Lesson 1, this student missed question 

2 and then corrected it on the next try. All the rest 

of the problems in 

Actions 

Question 2 

10 

Question 1 

14 

Question 1 

28 

Question 4 

7 

Question 5 

2 

Question 4 

6 

Question 3 

1009.90 

Question 3 

1000 

Question 5 

31 

Question 5 

31 

Question 4 

6 

Lesson 1 were correct on the first 

try. 

Response A 

Affirmation 

Incorrect 

Reference to 

theory. 

Affirmation 

Incorrect 

Reference to 

theory. 

Incorrect. 

Ask leading 

question. 

Affirmation 

Incorrect 

Reference to 

theory. 

Affirmation 

Affirmation 

Ask leading 

question. 

Ask leading 

question. 

Response B 

Affirmation 

Incorrect 

Affirmation 

Incorrect 

Incorrect 

Affirmation 

Incorrect 

Affirmation 

Affirmation 

Ask leading 

question. 

Ask leading 

question. 
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Question 3 

1000 

Question 2 

10 

Question 1 

28 

Finished 

Ask leading 

question. 

Ask leading 

question. 

Ask leading 

question. 

Affirmation 

Ask leading 

question. 

Ask leading 

question. 

Ask leading 

question. 

The teacher supplied Advice 
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Lesson 2 

Previously, in Lesson 1, this student answered all of 

the questions correctly on the first try. 

Actions 

Question 1 

14 

Question 1 

14 

Question 1 

28 

Question 2 

52 

Response A 

Incorrect 

Response B 

Incorrect 

Reference to 

theory. 

Affirmation 

Affirmation 

Incorrect 

Reference to 

theory. 

Affirmation 

Affirmation 

Question 2 

100 

Incorrect Incorrect 

Question 2 

100 

Incorrect 

Reference to 

theory. 

Work out a 

similar problem 

and let them 

keep it as a 

reference. 

Ask leading 

question. 

Question 2 

24 

Incorrect 

Work out a similar 

problem and let 

them keep it as a 

reference. 

Check competence 

with prerequisite 

material. 

Work out the 

problem in 

question. 

Check 

competence with 

prerequisite 

material. 

Question 5 

31 

Affirmation 
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Affirmation 



Question 3 

1000 

Question 4 

6 

Question 2 

10 

Finished 

Affirmation 

Affirmation 

Affirmation 

Affirmation 

Affirmation 

Affirmation 

The teacher supplied Advice 
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Lesson 2 

Previously, in Lesson 1, this student answered all 

four questions correctly on the first try. 

Actions Response A Response B 

Question 1 

28 

Question 2 

10 

Question 3 

110 

Question 3 

11000 

Question 3 

990 

Question 3 

1000 

Affirmation Affirmation 

Affirmation 

(continued next 

page) 

Incorrect 

Affirmation 

Incorrect 

Incorrect 

Reference to 

theory. 

Incorrect 

Work out a similar 

question and let 

them keep it as a 

reference. 

Affirmation 

Work out a 

similar 

question and 

let them keep 

it as a 

reference. 

Ask leading 

question. 

Work out the 

problem in 

question. 

Check 

competence with 

prerequisite 

material. 

Affirmation 
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Question 4 

6 

Question 5 

31 

Finished 

Affirmation 

Affirmation 

Affirmation 

Affirmation 

The teacher supplied Advice 
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Lesson 2 

This student did not attempt Lesson 1. 

Actions 

Question 1 

28 

Question 2 

10 

Question 3 

1000 

Question 4 

6 

Question 5 

63 

Question 5 

31 

Finished 

Response A 

Affirmation 

Affirmation 

Affirmation 

Affirmation 

Incorrect 

Affirmation 

Response B 

Affirmation 

Affirmation 

Affirmation 

Affirmation 

Incorrect 

Affirmation 

The teacher supplied Advice 
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Previously, in Le 

Lesson 2 

sson 1, this student answered all 

the questions correctly on the first try. 

Actions 

Question 

28 

Question 

10 

Question 

28 

Question 

10 

Question 

1000 

Question 

6 

Question 

31 

1 

2 

1 

2 

3 

4 

5 

Finished 

Response A 

Affirmation 

Affirmation 

Affirmation 

Ask leading 

question. 

Ask leading 

question. 

Affirmation 

Affirmation 

Affirmation 

Response B 

Affirmation 

Affirmation 

Ask leading 

question. 

Ask leading 

question. 

Affirmation 

Affirmation 

Affirmation 

Affirmation 

The teacher supplied Advice 
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Lesson 2 

This student did not attempt Lesson 1. 

Actions 

Looked at Examples 

Looked at Theory 

Notes 

Question 1 

21 

Question 1 

14 

Question 2 

10 

Question 5 

2 

Question 5 

31 

Question 4 

4 

(continued next 

page) 

Response A 

Ask leading 

question. 

Work out a similar 

problem and let 

them keep it as a 

reference. 

Affirmation 

Incorrect 

Affirmation 

Incorrect 

Response B 

Incorrect 

Incorrect 

Check 

competence with 

prerequisite 

material. 

Ask leading 

question. 

Affirmation 

Incorrect 

Work out a 

similar 

problem. 

Affirmation 

Incorrect 
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Question 4 

5 

Question 4 

6 

Question 3 

990 

Question 1 

14 

Question 3 

990 

Question 3 

890 

Finished 

Work out a 

similar problem 

and let them keep 

it as a 

reference. 

Affirmation 

Incorrect 

Work out a 

similar problem 

and let them keep 

it as a 

reference. 

Incorrect 

Ask leading 

question. 

Work out a 

similar 

problem. 

Affirmation 

Incorrect 

Ask leading 

question. 

Incorrect 

Ask leading 

question. 

Incorrect 

Suggest a 

tutor. 

Incorrect 

Suggest a 

tutor. 

The teacher supplied Advice 

100 



APPENDIX D 

INITIAL COMMON LANGUAGE 

QUESTIONNAIRE 
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Questionnaire 

I am in the process of designing a computerized 
tutorial session and would appreciate your help. I have 
developed the following categories of possible 
teacher/tutor responses and am considering them for use 
in a computerized tutorial session. Please mark the 
following categories as appropriate, inappropriate, or no 
opinion (within the context of a tutorial session). 
Also, if you think of any other type or category of 
response you would feel appropriate, please write it (and 
an excimple, if possible) in the "Other" category (#14 
below). Thank you for your time and thoughtful 
consideration. 

Category Appropriate Inappropriate No 

Opinion 

1) Affirmation _ 

(Example: Good job.) 

2) Condemnation _ 

(Example: Silly I) 

3) Reference to theory ' _ 

(Example: Don't forget(key point)) 

4) Work out a similar problem _ 

5) Work out a similar 

problem and let them 

keep it as a reference 

6) Demonstrate impatience 

7) Check competence 

with prerequisite material 
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Category Appropriate Inappropriate No 

Opinion 

8) observe the student 

9) Do not help 

10) Work out the problem 

in question 

11) Suggest a tutor 

12) Ask them to work the problem 

using a different technique 

13) Ask leading questions 

14) Other (Please explain) 
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APPENDIX E 

COMMON LANGUAGE BASIS 

QUESTIONNAIRE SUMMARY 
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Category 

1) Affirmation 

2) Condemnation 

3) Reference to theory 

E x p e r t Pane l Sununary 

Appropriate Inappropriate No 
Opinion 

4) Work out 
a similar problem. 

5) Work out a similar _ 
problem and let them 
keep it as a reference 

6) Demonstrate impatience 

7) check competence 

with prerequisite material 

8) observe the student 

9) Do not help 

10) Work out the problem 
in question. 

11) Suggest a tutor 5 

12) Ask them to 
work the problem 
using a different technique _7_ 

13) Ask leading questions _7_ 

14) Other (Please explain) 
a) Not good enough (i.e., you need to reduce 

further) 
b) Try again- Incorrectc) see video tape 
d) See example in text 

(Note: 14 c and d corresponds to suggestion 3 and 4 above and so will 

not be added to the response list) 
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APPENDIX F 

LOCATION OF SPECIFIC 

TEACHER'S ADVICE 
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Table F.l. Loacation Of Teacher's Advice 

Lesson 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Particular Teacher 

3 

5 

5 

3 

4 

1 

4 

2 

3 

5 

3 

4 

2 

4 

2 

4 

4 

5 

1 

3 

Teacher Advice 

Location 

B 

A 

B 

A 

A 

A 

B 

A 

A 

B 

B 

B 

B 

B 

A 

A 

B 

A 

B 

A 
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