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Abstract 

This study investigates how to model a teachingliearning system for subject rnatter taught 

to engineering students, and how to use the mode1 to predict and improve the 

consequences of changes to the inputs, the process, and the outputs of the system. The 

model is based on a system dynamics approach supported by Systems Thinking and soft 

Operation Research techniques. It takes into consideration the interaction between three 

major sets of components in the system: (1) the learner's leaming abilities and 

motivation, (2) the teaching system's characteristics, and (3) the nature and types of the 

subject matter. 

Through investigation for a dynarnic model of a teachinflearning system, the 

research discovers a dimension that takes into account al1 of the other dimensions that are 

involved in a teaching/learning system. This dimension is a new concept, related to the 

thinking process, that has not been discussed before and is particuIarly important in 

technical leaming. It is the fom-function dimension. Based on this concept, the research 

identifies two distinctive types of learnea: form oriented and function oriented. The f om  

learner is mainly interested in the information as it is presented. The function Iearner is 

interested in the new information in terms of cause-effect relationships. The other parts 

of the endeavor show the consequences of this concept. 

The results from the simulations of a teachinglleming system based on the form- 

function approach, provide considerable insight into the operation of educationai systems. 

The research can help educational decision-makers and educaton select performance 

parameters that will optimize a given strategy. The effect of system configuration on the 

performance of a teachingflearning system may be used to influence the design of the 

system before the planning stage is implemented. This information can be criticai in 

developing an efficient and effective system for engineering students as well as 

engineering educators. 
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Chapter 1 

Introduction 

1.1 Background 

The work for Dynamic Modeling of a Teaching/Learning System began some three years 

ago when 1 prepared the first draft of my Ph.D. research proposal on the cornputer 

modeling of an educational system. This draft was seen quite appropriately as too 

arnbitious by my advisory cornmittee, which was chaired by Dr. Doug Strong. 1 was 

asked to carve out a tractable slice of the problem to work on for my thesis if 1 did not 

wish to spend some fifteen yean on my Ph.D. Following this advice. I defined the 

boundary of my doctoral thesis work around issues of modeling of a learning process for 

a typical engineering student in an introductory course in industrial engineeting. Later 

on, when 1 was investigating the subject more thoroughly, 1 found myself even more 

confined to a more limited approach because of the diversity and complexity of the nature 

of the issues 1 was dealing with. 

However, in my own assessment, the most significant point I have discovered 

over the course of my work on the development of such mode1 is the way that a diverse 

soft information base from the field of educational psychology containing quantitative 

(statistical) data, experiential information and theoretical concepts. can be engineered into 

a unified theory sensible on an engineering scale. How do students get each piece of the 

teaching materials, how do they process it and how do they keep it, how is the 

arrangement of knowledge in their mind in the beginning and at the end of the learning 

process, and how cm the findings of this research improve the ieachinfleaming 

situation? In fact, in an engineering worldview. what is the mechanism of a learning 

system and what do we mean when we Say something has been leamed? These issues are 



more easily stated than answered, since the engineering approach used to seek and 

analyze answers to these types of questions is complicated and cornplex, yet informal. 

and has many assumptions and simplifications in it [l]. 

1.2 Motivation 

For the last few years, budgets for post secondary institutions have held constant. then 

decreased, with no hope of increasing over the next several years. As a present necessary 

response to this, institutions have cut less popular programs, cut both full and part-time 

staff, reduced the amount of equipment available for Iabs. reduced the number of students 

allowed to enter post-secondary education, and charged higher tuition fees to the students 

that entered [2]. The general public, the students, and the cornmerciai world are 

increasingly asking about the relevance, quality and cost of post-secondary education. 

Meanwhile, in the background, technology, especially related to cornputers, software and 

information flow is changing and improving at a very rapid rate. Two fundamental 

questions arise from the interaction of the above forces: what should be taught to whom; 

and how should it be taught. This research attempts to help answer the question of how 

what should be taught by teaching systems and similarly how whar should be learned by 

different types of learner. 

Answen to the above two questions require identifying the mechanism of a 

teachinflearning system. When this is achieved, analysis and an examination of how 

such system couid be improved follows. This is a joumey that motivates an adventurous 

researcher. In fact, when a system requires improvemeni, the mission of an industrial 

engineer begins. 

The motivation for this research is a challenge to apply industrial engineering 

techniques to the analysis of a non-physical system. The challenge is to seek information 

about cause-and-effect relationships in such systems. The results of this analysis would 

allow educators and educational administrators to make necessary changes to the system, 

with greater knowledge of the ramifications than is presently available. This work is in 



an essentially uncharted area, and will use information that is not as reliable as that 

usually used by engineers. However, it seems that research into simulation modeling of 

teachingflearning systems is a worthwhile direction for three reasons: 

- Simulation modeling is increasingly used by industries to heIp guide their change 

process. 

- Simulation modeling will be useful in helping define the direction of change for the 

teachingfieaming systems that are about to go through a massive change, driven by the 

continuing decrease of funds and the continuing improvement of technology. 

- Industrial engineering simulation modeling and education metrics combined is an 

ambitious undertaking and a unique effort that expands the techniques typically used 

for physical variables to cover non-physical ones as well. In fact, dealing with non- 

physical variables is an ambitious undertaking. 

1.3 Purpose 

The purpose of this research is to determine how to usefully model a teaching-learning 

system for an engineering course taught to an engineering student, and use the model to 

help predict consequences of changes to the process. Engineering students were chosen 

because the question of what should be taught and leamed, both in subject rnatter and 

knowledge structure, are reasonably well-defined and well-established. An introductory 

course, Introduction to Industrial Engineering, was chosen because it contains both 

theoretical and practical modes of teachinghearning. 

It is believed that results of this research can be the basis for future research on a 

broader front in engineering education and on a more specific front in analysis and re- 

engineering of dynamic systems of soft and non-measurable variables. In point form, the 

purpose of this research is fourfold: 

- Modeling the mind of a learner from an engineering perspective 

- Developing a dynarnic model of a teachinglleaming system to gain a better insight into 

its dynarnic behavior 



- Applying industrial engineering simulation techniques to the analysis of 

teachingnearning systems 

- Understanding the interrelationships of the decision areas and investigating policies 

that lead to an improved structure for the system (re-engineering) 

In dealing with the above objectives. the research will consider the following six 

parme tes: 

1. Twes of Learninq 

Different types of learning are accepted and required in any educationd process. They 

generally include: rote learning, closed problem solving, open problem solving, and ski11 

developrnent. Other types and sub-types of leaming have also been defined. Each type of 

leaming will be studied in a new light. and techniques for dealing wirh each type will be 

created. 

2. Teaching System 

Different types of teaching are considered. They include: traditional teaching (professors, 

instructors, graduate students as teaching assistants and lecturers, lectures, textbooks. 

lecture notes, overhead and slide projecton, labs, etc.), computer-driven overhead 

projector, instructive software. testing and marking software, interactive distance video, 

al1 students with cornputers, and improvements to Intemet to remove paper requirements. 

3. Subiect Matter 

Engineering students undertake introductory courses in engineering before embarking on 

courses in their major. The theoretical trial in this research is performed on an example 

lecture related to the Introduction to Industrial Engineering course. Mastering 

"Introduction to Industrial Engineering" requires mathematics, anaiytic, rnemorization, 

dextenty and other abilities. This research, on purpose, has chosen part of a lecture on 

"productivity issue7' from a beginning lecture in the course. The students find it to be a 

section of moderate difficulty of the mixed use of mathematics and cornmon-sense 

materials. 



4. Information Types 

The textbook material used by engineering students in the "Introduction to Industrial 

Engineering" course has been analyzed according to the relevant instructor's manual and 

solution techniques [3 & 41. Typically, a subject area or a learning objective text chapter 

includes some basic definitions, rules and principles that give rise to the concept that 

must be learned. The chapter material is normally organized into lecture notes for 

presentation. Information frorn the lecture notes could be divided into three general 

learning groups called "rote-type," "relationship-type," and "procedure-type." A rote- 

type is subjective oriented and is the kind of information thai is memory-intensive with 

no link to one's real life experience. The relationship-type information is objective- 

oriented and is the kind of information that recalls past pieces of knowledge, ideas. 

concepts, or experience, and can be directly or indirectly connected to it. The procedure- 

type information has a classification or stepwise scheme, and involves relationships. 

5. S tudent Type 

A student description requires at least three groups of parameters. They are: (1) ability to 

learn relative to subject type and leaming type, (2) prior knowledge about the subject 

(general background knowledge), and (3) desire to learn (motivation to learn). 

An individual's ability to leam is essentiaily fixed, although certain leaming skills 

may be learned. The prior knowledge (background knowledge) of the students can 

typically be adjusted by remedial programs if they have the basic ability to leam in the 

subject. Some types of motivation, e-g., basic interest in the subject, tend to be intrinsic 

while other types, (e-g., seeing a relation between the subject and a future profession). can 

be adjusted to some extent by the structure and style of the teaching process. 

This research is interested in two types of students; relators and mernorizers. 

Relators or thefuncrion type students, see thefwtction of things, want to understand why 

and how things work, rapidly anaiyze complex problems into components or subgoals, 

plan a solution strategy, and then evaluate the components based on experience. In this 

analysis they use a high degree of intuition. By contrast, the memorizen or the fonn type 

students, see the fom of things, look for what and how many of things, and tend to refer 

to memorized steps from previous exarnples which is an unsuccessful strategy for 



solution of unique problems. A secondary purpose of the research is to show that the 

performance of each type of student may be improved by teaching which clearly matches 

their learning style. 

6. The Measures 

The most significant problems will relate to rneasures of a student's abilities, learning 

level, and motivation. Although some measures, such as measures of the memory of 

data, are accurate and easy to apply, measures in some areas are very subjective and in 

other areas do not exist. Also, many of the subjective measures are very time consuming 

to apply. For this reason, rnuch research has centered around how to define and to show 

equivalencies between different teaching and learning techniques, and on student and 

teacher traits using information containing many educated guesses (cognitive algebra). 

A secondary purpose of this modeling research is to help determine the most 

suitable measurement technique for learning outcornes, to increase undentanding of the 

education process. For instance, student performance is measured in terms of ability CO 

solve quantitative problems on small tests. This research shall not debate whether this is 

desirable or effective but take it as the normal procedure. 'Teaching" students involves 

presenting the structured set of Ieaming material and requiring them to solve example 

problems. The research intends to show that problem-solving ski11 is the key to 

successful performance in engineering. 

Measures of effectiveness of proposed teachingearning systems, relative to the 

present system and relative to each other, include different components. Some of the 

main components may be recognized as: 

the type, quantity and the complexity level of the information presented by the 

teaching system; 

the time required by the student to proceed through the leaming process; 

the leaming rate of the student (taking in, processing, storing); 

the level of student motivation under the effect of interna1 and external reinforcement 

factors; 

the learning style compatibility of the teaching system and the leamer; and 

the arnount leamed by the student (the level of the acquired knowledge). 



1.4 The Methodology 

This research uses system dynarnics as a suitable methodology to analyze the process of 

student learning. System dynarnics is a system analysis approach that is concerned with 

creating models or representations of red world systems and studying their dynamics. 

Interest in system dynarnics is spreading as researchers and system analysts appreciate its 

unique ability to represent the reai world. System dynarnics can accept the complexity. 

non-linearity, and feedback loop structures that are inherent in physical and non-physical 

systems [SI. 

On the other hand, according to the leaming literature, several difficult steps in 

moving from problems to solution hamper system dynamics. First, and probably the most 

elusive, is the little guidance that exists for convening a real-life situation into a 

simulation model. At later stages. many system dynamics projects have fallen short of 

their potential because of Mure  to gain the understanding and support necessary for 

implernentation. To be on the safe side. this research employs systems thinking and soft 

operation research (soft OR) to help organize and guide system dynamics for better 

understanding of a teachingfiearning system. 

Systems thinking and soft OR are soft methodologies that operate without a 

rigorous quantitative foundation. As will be discussed in the follow ing chapters, the 

conceptualization phase of system dynarnics has much in cornmon with these two soft 

methodologies. but system dynarnics is disciplined by an organizing framework that leads 

to model formulation and simuIation. 

Some researchers use systems thinking to mean, more or less, the same as system 

dynamics. Othen look at it as a process that has gathered momentum on the periphery of 

system dynamics [6]. This research uses the form of systems thinking that is the sarne as 

system dynarnics. Systems thinking, in this research, serves a crucial role as a door 

opener to system dynarnics and to the work towards understanding a complicated system 



like teachinglieaming. In so doing, it acts from the beginning (the stage of the literature 

survey) and usefully reveals the important aspects of a teachinglleaniing system. 

How Systems Thinking Works. 

Systew thinking is defined as consisting of a vantage point and a set of three 

thinking skills that are complementary to each other [SI. The "vaniage point" is the 

position that an analyst places himself or herself in for viewing purposes. The vantage 

point advocates maintaining a bi-focal perspective. This means keeping one eye on the 

biggest relevant picture while the other eye descends into the detail. The vantage point 

from which one operates serves as a first filter for what one experiences. A second filter 

is provided by the set of assumptions or perspectives that one carries about how the world 

works. No doubt, "how one looks," as well as "where one stands." exens a large 

influence on both what one sees and how one makes models out of what one sees. 

Systems thinking camies with it three principal approaches in terms of the skills that a 

penon would need to "do" systems dynarnics [ 5 ] .  

The first perspective is that the system or process is the cause of its performance 

(Le., as opposed to its performance being determined by outside forces). It is a kind of 

system-as-cause approach to constmct a boundary around a system in such a way that the 

cause of the dynamics being exhibited resides within the relationships that are contained 

within the boundary. In particular, this means that it is unnecessary to invoke any forces 

from outside the boundary in order to "drive" the system's dynamics. This perspective 

enables a researcher to decide what to include, and what not to include, within the model. 

The quest does not deny that there are many other relationships at work in the real system. 

But the technical question always is: What is the simplest possible set of relationships 

that can explain the phenornenon? 

The second perspective is called operational approach. It means looking at a 

system in terms of how it is actually suuctured, and within that structure, how the 

associated activities really work. Therefore, the first perspective (system-asîause) urges 

the researcher to look within the system boundary for the causes of the dynamics being 

exhibited while the second one tells him or her that the causes of dynarnics lie in the 



"mechanism" of the system. By thinking in terms of how a process or system really 

works, one has a much better chance of undentanding how to make it work better! 

The third perspective is closed-hop approach. This perspective uses as one of its 

integral part, a "factors" method. To understand the "factors" method, let assume that 

one is investigating an answer to the question of "what causes student achievement?" To 

answer such a question, one can fom a list of factors. Listing "factors" is the first step in 

building a model. The distinctive structure of such a model is shown in Fig. I.l(a). As 

the diagram suggests, the structure of the mode1 produced by a factor approach is "these 

factors (in this case, seven factors as demonstrated) influence that (in this case, student 

achievement)." A link runs from each seven factors (motivation, ability to learn, teaching 

quality, leaming style, prior knowledge, mark of desire. effort put into the task) to 

"student ac hievement." 

Looking more closely at the list of factors, one can discover the priority of each 

one, and hence, assign a weight to them. This factor exerts the most important influence 

on "student achievement;" this factor is second in importance; and so on. The large 

nurnber of weighted list-of-factors models is testimony to the popularity of this way of 

thinking. Indeed, list of factors and prioritizing them can be useful. It causes one to 

focus on what s/he feels is most important - ornitting that which is less important, and in 

so doing, a simpler explanation is achieved. 

Unfortunately, weighted list-of-factors models also have a major pitfall. They are 

linear, and hence, static in nature. Causality runs only one-way (from factor to thing 

being influenced), and the relative strengths of the factors tend to be fixed, rather than 

varying over time. In reality, however, causality is often circular and the relative 

importance of a particular relationship tends to shift over tirne. To reflect these important 

characteristics of the reality in many systems, these systems need to embrace the closed- 

loop concept. 

From a closed-loop thinking ~erspective, causal relationships are seen as 

reciprocal. No absolute distinction is maintained between cause and effect. Each 

"factor" is at once both cause and effect. Indeed, "factors" cease to be the relevant unit of 

causality, being supplanted by "relationships." Furthemore, fixed weightings are not 



assigned to the various relationships. The importance of each relationship is allowed to 

shift over time. One relationship might dominate early on. As the systern evolves, two 

othen rnay corne into prominence. Later, a founh relationship might "take control." 

To illustrate the above idea, only two of the "factors" from the previous model in 

Fig. 1.1 (a) are represented in the closed-loop diagram of Fig. 1.1 (b). The fundamental 

difference in structure between the factor thinking method (left diagrarn) and closed-loop 

thinking model (right diagram) is clear. 

What causes student achievemnt? 

Motivation 
Ability to leam 
Teaching qylity 
Leamingstyle --- 

Effort put into the task ' 

Motivation 

Lat &!"-h 
lem 

(a) Factors Appach 

Fin. 1. I :  Comparinn Two A ~ ~ r o a c h e s  
Ado~ted and Modified fmm Richmond 151 

As shown in Fig. l.l(b), motivation does not just cause achievement, achievement 

also feeds back to cause motivation; an ongoing, in this case. reinforcing, process. 

Similarly, ability to l e m  does not just influence achievement; achievement also 

influences ability to learn; the causality is reciprocal. In this case, one has closed-loops 

rather than straight lines. One has dynamic, ongoing processes. rather than one-time "this 

causes that." This is the way the closed-loop approach works. 

It is important to note that the circular relationships include connections between 

the "factors" themselves. For exarnple, in Fig I.l(b) motivation is assumed io influence 

ability to leam and vice versa. What one ends up with is a web of circular relationships. 

Achievement, like al1 other variables, is just as much a cause as it is an effect. 



Summing up, the rnethodology that is used consists of a vantage point and an 

associated set of three perspectives. The vantage point causes one to see with bi-focal 

vision, always maintaining a view of the forest while pursuing the trees. The three 

perspectives determine how one may go about making meaning out of what one sees. 

The skills include the system-as-cause, the operational and the closed-loop concepts. 

Taken together, they form a methodology for mental model constmction. System-as- 

cause says draw the boundary around the system in such a way as to cause what's inside 

the boundary to be the cause of the dynamics of interest. Operational approach picks up 

inside the boundary to Say it is the mechanism that is the cause of the dpamics. A 

closed-loop concept adds the final piece. It says that the structurai arrangements that 

bnng the mechanism to life are cailed feedback loops. Causality is reciprocal, not a 

straight line [5 ] .  

1.5 Tools 

Although a large volume of this research deals inevitably with the study of a Iearner's 

mind, the primary purpose is to investigate how a teachingllearning system looks and how 

it behaves over time. This goal is achieved by using an appropriate simulation tool like 

STELLA software 15. 1 16, 1281. Needless to Say, it is not necessary to embrace system 

dynamics or systems thinking in order to make use of the STELLA software. However. 

as the conceptual underpinnings of the software are rooted in this framework, the 

software is particularly well-suited for representing mental models that have been 

developed using these methodologies. 

in a structural standpoint, a STELLA model starts with stocks and flows - the 

principal building blocks of structure [5, 1161. Next, corne infrastructures - higher order 

assemblies of stocks and flows. Finally it adds feedback loops - the relationships which 

bring infrastmctures to life, and which give STELLA models their life-like behaviors. 

STELLA software has a multi-level, hierarchical environment for constructing 



and interacting with complex models. Since it is built around a progression of structures 

it is particularly compatible with the nature of a teachinglleaming system. 

Several other simulation modeling Ianguages are available but presently the most 

promising are STELLA, POWERSIM and WlTbESS, which are al1 flexible enough to 

mode1 a variety of time-related, complex interactions. POWERSIM mns similar to 

STELLA and both are convertible to each other. 

WITNESS [7], though manufacturing-oriented, is more appropriate when 

simulation is discrete-based, since the focus c m  be on the very detailed picture or 

miniature of the process. The tracing and chasing of each piece of information is easy. 

For instance, the program can demonstrate the type of incoming information. show how it 

gets into the mind of the leamer, how it gets processed, how it sits in the rnemory, how it 

becomes a trace of knowledge in the mind, how it behaves when it is recalled later, and so 

on. The disadvantage of using m S S  is the way it treats each piece of knowledge. 

Probably one of the big differences between ph ysical production process (e.g . . 
rnanufacturing) and non-physical production process (e.g .. know ledge construction) is 

thai the former has a sequential movement while the latter has not. WITNESS would 

have great difficulty handling non-sequential movements. 

1.6 The Major Discovery 

Through investigation for a dynarnic mode1 of a teachingAeaming system, this research 

discoven a new dimension that fits within al1 the major theories of learning. This 

discovery is shaped by the conceptualization, solidification, and validation of a new 

theory for the types of leamers. 

The theory which is called "Fom-Function Theory of Types" defines two 

distinctive type of rninds that leamers possess. It suggests that individuals, in general, 

possess either a form-oriented mind or a hinetion-oriented mind. A fom-onented mind 

grasps the information as it is presented while a hnction-oriented mind grasps the new 

information in terms of cause-effect relationships. 



In fact, by conceptuaiizing how form-oriented and function-oriented leamers and 

teachers really work and interact with each other, the theory provides a better likelihood 

for undentanding how to make a teachingnearning system work better. 

1.7 Contribution 

The following are the contributions of this research: 

- Identifying and categorizing different types of incoming information in the mind of a 

leamer; 

- Identifying and categorizing different types of the studentTs perception of the learning 

- task value; 

- Identifjing and categonzing different types of extemal reinforcement factors on the 

snident's perception of the leaming task value; 

- Identifying and categorizing different types of student's learning ability for two 

dominant types of student: a typical rote-type (form-oriented) learner and a typical 

relationship-type (function-oriented) learner; 

- Conceptualizing, and developing a new theory: "Form-Function Theory of Types;" 

- Introducing two types of mind; "fonn-oriented mind" and "function-onented mind" 

and identifying the way these minds treat and process information; 

- Constructing models for comparing the arrangement of knowledge in the mind of the 

two types of leamers in the beginning and at the end of each lecturing period (for the 

same lecture); 

- Exarnining the performance of each learner by trying different types of problems; 

- Constmcting a model for a teaching-learning system from a big picture perspective by 

using the logic and graphics of a continuous simulation program; 

- Simulating the model to analyze the dynamic behavior of the system, and 

- Applying different policies to improve the behavior of the system. 



1.8 Organization 

The next two chapters; Chapter 2 and Chapter 3, contain a review of the related topics in 

the literature by a systems thinking approach. The primary focus is on the aspects of 

teaching and learning in general and student learning in higher education in particular. 

Reviewing different teaching and learning approaches will establish a solid foundation for 

the later analysis. The search is mainly in the areas of education, educational psychology, 

and engineering education and psychology. 

In Chapter 4, this study fint discusses the system dynamics methodology in detail. 

Then. in line with the first step of this method, the literature review is started with the aim 

of defining a teachingneaming process. This step includes integration of the noticeable 

approaches and models for the purpose of building a unified theory [9]. Through this 

synthesis, a preliminary mode1 for teachingnearning is defined and mapped on the basis 

of a number of renowned models in the literature. The proposed model, generally 

includes four major sets of variables: (1)  student leaming abilities, (2) student values and 

motivation, (3) teaching system characteristics. and (4) subject matter difficulty. This 

model will also give nse to the recognition of ten different types of student's perception 

of the learning task value and seven types of extemal reinforcement factors. However, 

the result of the study at this stage points out that. an important element is missing. The 

mapping of the model is not cornplete without identifying the types of the students. 

Hence, a separate investigation of the types of learner and the types of the mind they 

possess is the next challenge. 

A detailed analysis of the min& of learnen is done in Chapter 5. 'The way 

students l e m "  (chapter 5.2) discusses how this research views "leaming" and student 

approaches to learning. The research, by using systems thinking and soft OR technique 

(to support the system dynarnics method), perfoms this endeavor. Chapter 5 is the core 

of this research. The main efforts are to identiQ how elements of information get into the 

minds of leamers and how the elements of information are processed. The outcome of 



the investigation is compared with those from four important studies in the literature. 

Two types of learners with two distinctive approaches to learning are identified. This 

leads the research to a new edge in the field of engineering education. A new theory on 

the types of learner and the types of mind that they possess is shaped, conceptualized and 

introduced (Fom-Function Theory of Types). "Form" and "function" oriented brains are 

the products of this theory. They are defined, discussed and validated with respect to the 

available knowledge in the research. 

A simple theoretical experiment for analyzing the leaming process (in the mind of 

form type and function type learners respectively) will be worked out in detail. This 

example will demonstrate four crucial items: 

- The original knowledge as it is arranged in the mind of each type of leamer, 

- The type of information that is sent by the teaching system to the mind of each type of 

lemer, 

- The way that each learner will treat (process) each incoming piece of information, and 

- The final knowledge as it is arranged in the mind of each type of leamer. 

The findings in Chapter 5, also include introducing eight types of information and 

seven types of leaming abilities for each form and function learner. These findings give 

rise to a more acceptable experimentation on the mechanism of a learning process. 

Having al1 of this information at the disposa1 of the study. the mapping of the 

teachinflearning is complete. The stage is now ready to translate the findings into a 

cornputer simulation model by converting it to a stock and flow diagrarn and constructing 

the STELLA model. 

In Chapter 6, the STELLA simulation software is briefly introduced. Then, during 

a step-by-step analysis, different features of the prograrn are used for modeling non- 

physical entities within a teachingAeaming system. STELLA base models for two 

different types of learners (form-oriented and function-oriented) are created, outlined and 

then mn. Each base model demonstrates how a teachingearning system looks for each 

type of learner and how it works in general, and how each type of student receives 

information, processes it, and adds it to his or her stock of knowledge. The graph of the 

base mn for a form leamer are closely analyzed. A number of experiments (comparative 



trials) are carried out with the simulation model. Comparative trials are mn in Iine with 

the sensitivity analysis of each main variable in the model. Different policies are 

exarnined and the effect o f  each on the behavior o f  the overall system are evaluated. 

The study concludes in Chapter 7. First, a synopsis of findings of the research is 

described. Then, the implications and the results of the study are presented. Finally, a 

number of potential grounds for any future work are discussed. 



Chapter 2 

Literature Review: 
1. Teaching and Learning 

The major purpose of a literature search is to increase the researcher's awareness and 

understanding of the most important issues, practices and research associated with his or 

her area of study. Taking into consideration the depth and diversity of materials in the 

field of educational psychology and in keeping with the above purpose. the search is 

divided into two major areas. The first area is a general search in the field of 

teaching/leaming and is composed of two main parts: "teaching" and "learning." The 

first part is an investigation of the historical perspective, and the nature and practices of 

"teaching," and the historical implication of the subject. Part two focuses on the review 

of "learning" and examines the literature on learning in general. leaming theory. student 

motivation and related research on important aspects associated wirh these issues. The 

literature survey on this area is presented in this chapter. 

The second area that will be discussed later (in Chapter 3), is a more focused 

search in the field of learning psychology and engineering education. The intent is 

threefold: (1) to discuss different approaches on human memory and information 

processing, (2) to review some noticeable developmental models of student learning in 

university classrooms, and (3) to locate a number of effective models of student learning 

styles and their specific themes and perspectives concerning engineering students. The 

latter models are those that have been used frequently in the field of engineering 

education. In the mean time, the studies about teachea' behaviors and practices, and 

student-teacher interactions. student achievement and its relation to the effective teaching 

and learning styles will be reviewed. 



2.1 Teaching 

2.1.1 Overvie w 
Dunng the history of mankind and up to the seventeenth century, the role of a teacher 

was a paternalistic one in which listening to lessons and supervising student conduct were 

equaily important. Education up to the seventeenth century, and later, higher education 

in the seventeenth and eighteenth centuries, were designed for the sons of elite, to 

promote religion and train young men for the ministenal positions. The cumculum 

prescribed was very rigid and basically comprised languages, mathematics, and so-cailed 

moral truths (natural and moral philosophy). Al1 the men who entered in universities in 

any one year became a clas; a group that took d l  their instruction together, usually from 

a single teacher who had the total responsibility for delivering the cumculum. Books 

were not abundant. and the classical lecture method gave students access to information 

they othenvise could not obtain [IO]. 

Teaching methods up to seventeenth century consisted of recitation. lecture. and 

disputations with the greatest amount of time and energy being given to recitation. The 

emphasis was on the lowest order of learning skill. or pure memory, and students were 

rarely challenged for discussion or analysis. Until the nineteenth century, the recitation 

method remained at the heart of the teachingAeaming process. 

Testing, in its current meaning. appeared about four hundred years ago. Testing 

was usually done in public through a process of oral questioning by one or more 

examinen. Marks were not given, but judgements were passed on both the student and 

his teacher. It was therefore to the teacher's advantage that his students performed well. 

By the end of the eighteenth century, and concurrent with the era of the Industrial 

Revolution, the impracticality of such education in North America and European 

countries became an issue, and a new emphasis was bom. The Watt's stearn engine had 

already begun the liberation of mankind from physical effort while the Declaration of 

Independence had begun the liberation of mankind from totalitarianism. Watt's steam 

engine and other inventions permitted implementation of the "factory system," cheap and 

fast transportation, and urbanization. 

In the beginning of the nineteenth century. new universities were founded, with a 

wider appeal, and education began to be recognized as a means of getting ahead. Both 



the curriculum and the teaching methodology began to broaden. Naturd science and 

increased use of lectures, demonstration, and laboratory rnethods were added to the 

cumculum, though these were resisted by traditionalists (1 11. Specialization began to 

appear in the cumculum. The old "natural philosophy" evolved into geology, biology, 

physics, and chemistry, the old "moral philosophy" into economics, anthropology, 

sociology, and political science, and finally the old "classics" into language and literary 

specialties. AIso during these times, the universities in their current meaning were bom 

[IO]. By the end of the nineteenth century, concem over standards and excellence was 

raised. Higher education broadened, deepened, and became popular. Testing moved 

from public examination to written exarns with marks and grades, but student motivation 

often remained low. 

The twentieth century began with the prospect of an ever-increasing student 

population, many with social needs that outweighed their academic needs. In general. 

three viewpoints developed for higher education: the vocational view - which emphasized 

job and career training, the scientific view - which emphasized research and the 

development of new knowledge, and the general educational view - which emphasized 

social development as well as vocational development. Most experts in the field of 

education. believe these three viewpoints have remained prominent on univenity 

campuses even today [IO]. 

The twentieth century is also characterized by systematic attempts to develop 

teachingnearning methods based on theones of learning. Three dominated theories were 

behaviorist, humanistic, and cognitive views of Iearning [ 121. The behaviorisr view 

suggests that humans' behaviors are controlled by stimuli in their environments. The 

pioneen in this view believed that anyone could be taught to become anything by the 

proper manipulation of environmental stimuli. Skinner introduced a modified version of 

this view in the 1930s. He developed what is called a technology of operant conditioning 

[13]. This technology stresses the need to shape behaviors in small steps and to reward 

each small success a learner has. It also emphasizes that organisms leam at different 

rates and that sorne custom designing of leaming environments is necessary io 

accommodate such variations. In the late 1940s and 1950s, educational applications 

began to appear. Teaching machines, penonaiized systems of instruction such as the 



Keller Plan (that will be addressed later), and computer-assisted instruction have evolved 

based on behavioral principles [ 1 O]. 

The hummistic view, on the other hand, recognizes that learning is something that 

students must do for themselves. Teachers must not merely transmit, but must involve 

and engage students in the activities of discovery and meaning-making. Teachers are 

encouraged to guide and direct l e s  and to facilitate or act as a catalyst for students to 

initiate and take responsibility for their own learning. It is an attempt to personalize 

education. It represents a reaction against the excesses of the technological ernphasis in 

education during the late 1950s [ 121. 

The cognitive view provides a conceptual base for understanding the results of the 

earlier studies in the area and provides guidance for teachingllearning. From a cognitive 

view. students actively process material rather than passively listen and read. It says that 

effective teachingllearning is demonstrated when teachers (a) use classroom procedures 

that are compatible with a student's cognitive characteristics, (b) can organize and 

present information to promote problem solving and original thinking on issues, and (c) 

demonstrate that students are able to become more productive thinkers and problem 

solvers [ 143. 

In later sections, the assumptions, methods, and status of behaviorist and 

cognitive views will be analyzed in more detaii. The humanistic view will not be 

discussed in more detail, as it is less important in Iearning theory and research. 

Table 2.1 is an effort to compare the past and present status of the different 

aspects of teaching in a pictorial format. The Industrial Revolution - the change from an 

agricuiturai to a manufacturing-based society by using machine as the prime mover - 
(starting about 1750 in England, about 1800 in North America, and about 1825 in 

Europe) has been taken as a reference point. Pnor to Industrial Revolution, the overall 

standard of living (including education) was no better in 1700 than it had k e n  in 1OOO or 

Roman times. nie  emergence of industrial society brought a fast pace of progress rather 

than the slow and steady pace of the past. Separate from the larger social context, 

industrial societies with their key features of a rapid increase in knowledge, difision of 

knowiedge, job speciaiization, mass production from machines, standardization of parts, 

and other new aspects led humankind to enter in the technological societies of the 



twentieth century [15]. The twentieth century is charactenzed by the invention of the 

computer, magnification of mental efforts and explosion of information technology. 

Table 2.1: A Com~arison Table of the fast and Present in Universin Teaching 
Based on Schneider Fu- & Grasfd.lQl 

Furpose of University 
Teacbiag 

Curriculum 

Stodent-Teacbtr 
Interaction 

B d o n  1ndristrf.i 
Revaludon 

- Discipline mthu ihyi 
mcyiingful learning 
- Training selccred people 
(sons of dite) for ministtnal 
and clcrgy positions 

- Patanalimc 
- Tacher bows what 
snidcnts nccd to Iearn - Studcnts should leam what 
the tcachtr thinks is 
important 
- Rigid 
- A single pnscribcd 
cumculum composed of 
anciait languages (Latin and 
Ge&). mafhematics. and 
philosophy (mod uuth) 

- Recimtion 
- Lecturing 
- Dispuwion 
(Grrarest amount of cime 
and emrgy was given CO 

recitation and the ernphasis 
wûs on thc lowcst order of 
cognitive ski11 - puIl2 
mtmosr) 
- Tcacher should have the 
last word in w l v i n g  
debates on content and 
should prrscribe in detail the 
course content, assignmenB. 
etc. 
- Single insauctor who was 

the Uirtitution and was 

his &Il to the minisny 
- Tcachtr's notes 
- Book wat not abundant 

- Oral quesfioning of each 
snrdent in public by 
examiners whom wat 
univeftity pasonncl and 
Mhtrkarncdatiatnrfkom 
tbc local community - No marks but judguwnts 
wtrrpa#cdacibodarhc 
snrdtnt and his taux 

UP ta the End of 
i9* CCI~~UCJ 

- A rneans for gctting ahead 
- A univenity educahon is 
for moce than just a highly 
~ l e ~ t e d  studa~t  population 
- A univtrrity cducation 
should prrpare pcopk to 
assume a job 

C 

- Tcachcr took a less 
directive d e  in prcscribing 
wtiat students should leam 

- Specialimion appearcd in 
the cumculum which gave a 
potcntial frce choice of 
elcctivcs - Evolution of the viuious 
scicnti fic disciplines: 
gtology. biology. physics. 
chemisuy. and socid 
spccidties 

- ~ c R S C ~  U K  of ~CC~UI'CS 

- I n c d  use of 
demonsations 
and seminius 
- Labomtory rnethods - Rescarch papas bccome a 
populûs twhing mcthod 

- Tacher can leam from 
their studcnts - Teachcrs helping studuits 
to develop ihc capacity to 
becorne indepmdent leanim 

- Diffmnt reachas for 
diffauit disciplines, somc 
supporters of dw Kciiation 
mtthod and somc of tht 

as han&-on urperiences in 
laboratories. cmcrging 
research papers, books and 

- Developmcnt of new knowlcdgc 
- Production of a wc1leduc;itaI pcnon traincd in a liberal 
ans mdi tion 
- Vocationd and sur training ss an imponant mission 

- Rcvoluuonary 
- Teachtn are less directive and act more as facilitaton 
in studcnt's leaniing 

FIRST H U :  - Dtvelopmcnt of divisions. such as physicd sciences. 
socid sciences and humanities. led to the development d 
curriculum bascd on major MCI non-major courses - Snidenls have to master the basics (with a combination 
of prcscribcd clcctivcs) in each division beforc selccting 
an arca of specialiacion 
SECOND HALF: - Curricufum refonns (especidly sciences and 
ttchnolopy) 
- Developmcnt of tcaching methods and ~ncticcs bascd 

- Teachas hclp s~denu  develop problcm-solving and 
decision-making skifls 
- Teachen p o n a l i z ~  their Uisuucuons to m e t  the 
unique mtds of their students 

- Diff't tcachas for differrnt counes. some 
supportas of traditional. some supponcrs of non- 
aadiaonal, and the est supporvn of a combination of 
boui 

- Textbooh. rcfmncc books. rrsearch papers. 
confacna proc#dings and journal publicarions - Data-bases and computaized information bank ( 1980s 
on) 

- Introduction of nomiai distribution curves in markinn - 
and grading - AüOCBtion of diff't weight pcrccnts to assess the 
lcanring activities 
- Wrimn short tests and long urams (mid-icrm and final) - uidividual or gmup pmjccls 
- Individuai or group assignmcnt wotlrs 

PlLd O d  p ~ s e n t a t i 0 ~  



2.1.2 The Evolution of Research on Teaching 

Are small classes more effective than large classes? According to Wilbert McKeachie a 

prominent researcher in educational psychology, this was probably the fint major 

question that research on teachinglleaming in higher education tned to answer [ 161. He 

mentions that the f iat  investigation in class size was performed in the 1920s to compare 

the performance of students enrolled in a large c l w  with that of students enrolled in a 

small class of the sarne course. The achievement of the two groups was approxirnately 

equal. Students reported a preference for small classes. McKeachie believes that. the 

larger the class, the less the sense of personal responsibility and activity. and the less the 

likelihood that the teacher can know each student penonally and adapt teaching to the 

individual student. However, it seems likely that in larger classes, teachers typically 

require less written work and spend more time lecturing and less time on discussion. It is 

not surprising that shonly after the first research on class size. experimenü comparing 

lecture and discussion began to appear 1161. McKeachie mentions the name of Bane as 

the pioneer researcher in the field of cornparison of lecture and discussion methods [16]. 

Bane introduced an important methodological advance by using a measure of delayed 

recall after the course examination as welf as the conventional final exarnination score. 

There was little difference between his groups taught by lectures and discussion on the 

immediate test. but there was significant supenonty for discussion on the measure of 

delayed recall. Bane's studies, and later research by other experts showed that the lecture 

is equal to, and often more effective than. discussion for immediate recall of factual 

knowledge on a course examination. However, discussion is superior for long-term 

reten tion [ 1 61. 

In the 1940s. the discussion method was divided into two categories, "student- 

centered" and "instructor-centered." The studies of student-centered classes resulted in 

recognition of a broader range of student outcornes like attitudes toward the leaming 

tasks, motivation, and penonality variables. Later studies in 1950s found that student- 

centered classes showed greater insight into problems. As in the studies of class size and 

lecture discussion, it was found that the favorable effects of student-centered teaching 



methods emerge in the "higher level" outcornes (e.g., anal ysis and synthesis - see Section 

2.2.3 for more detail) rather than in factual knowledge [17]. 

McKeachie believes that the decade of 1960s was a penod that resulted in 

substantial progress in the understanding of teaching and leming [16]. For the fint time, 

data was collected from observations and questionnaires and combined with quantitative 

and qualitative approaches. This progress was refiected in Mann's book "The College 

Classroom " published in 1970 [18]. Mann provides insight into student characteristics, 

teacher roles, and the development of the class as a working group over the course of a 

semester. The book focuses on running classes in three different phases over a semester 

based on two different roles for the teachen and the students. Mann began with a phase 

in which the teachen have the roles of "facilitators" who where trying to facilitate 

independent, autonomous work, while the students tested the teachers* tolerance for 

student autonomy. In a second phase. the teachers became dissatisfied with the students' 

lack of work and were likely to become more punitive and authontarian. Nevertheless, 

d u h g  this second penod, the students and teachers began to gain a better understanding 

of the kind of work and involvement that was needed. In the third phase, classes becarne 

more cooperative, and effective work occurred. Although the phases over the course of a 

semester, could not be precisely replicated in other classes, the book helps both teachers 

and students undentand and think about the unique development of their own classes and 

the sort of interaction that can facilitate productive development. 

The forces of the cognitive revolution in psychology and education in the 1970s 

and 1980s produced effective methods for helping students to achieve cognitive goals. 

One of the best-developed systems for helping students learn more effectively was the 

development of "cooperative learning" [19]. Cooperative learning refers to "learning 

cells," in which pairs of students altematively asking and answering questions on 

materials they have read. "Pay to be a tutor, not to be tutored" is the message from these 

systems. McKeachie, for example, gives reference to the comparison made by Amis 

[20] for learning under five conditions: 

- Students read a textbook passage. 
- $tudents read the passage and were taught by a peer. 
- Students did not read the passage but were taught by a peer. 
- Students read the passage and prepared to teach it to other students. 



- Students read the passage and taught it to another student. 

The results demonstrated that better learning occurred when students taught than 

when they were being taught. These results fit well with contemporary theories of 

leaming and memory. Preparing to teach. teaching, questioning, and explaining involve 

active thought, analysis. selection of main ideas, and processing concepts into one's own 

thoughts and words. Motivational effects of peer learning and independent study also fit 

wel1 with motivation theonsts' emphasis on the importance of personal control of one's 

environment [ 161. 

2.1.3 Effective Teaching 

Any research on effective teaching quickly is ended up with the problem of evaluating 

the outcornes of the teaching and leaming processes [16]. One fint looks at student 

learning and measures of student achievement. But to be more realistic. it is hard to 

corne up with better measures than the students' own perception of effective teaching. 

Student evaluations of teaching have comrnonly been used as a source of data. not only 

for research, but also to improve teaching and learning systems. Despite some teachers' 

doubt about the ability of students to rate their teaching and its effect on their students' 

learning, basic questions about validity and reliability have been confronted and 

answered by the research. As Marsh [2 11 emphasizes; these types of questions have been 

handled and answered with clarity as follows: 

- Do students' evaluations agree with those of pe r s  or administrators? Yes. 
- Do students change their mincis after they have k e n  out of college long enough to 
appreciate the qualities of teachers whorn they failed to appreciate while enrolled? No. 

- Can the poorer students' evaluations be disregarded? No. When a teacher is particularly 
effective with the poorer students, these students rate the teacher higher than do other 
students. 

- When several teachers are teaching sections of the same course, do the teachers whose 
students score highest on the achievement tests get the highest ratings? Yes. 

Interestingly, the research shows that variables. such as time of day, class size. or 

required versus elective classes, make a difference, but not a large enough difference to 

cause researchen to misclassify a good teacher as a poor teacher. McKeachie believes 

that although one should collect evidence from other sources of teaching evaluation, 



student ratings are the best validated of al1 the practical sources of relevant data on 

teaching quaiity [16]. 

Another line of research investigates the relationship between teacher personality. 

teacher behavior, and teaching effectiveness. Two personality factors, "achievernent 

orientation" and "interpersonal orientation" that relate to classroom behavior factors were 

found. According to findings in recent research, persondity characteristics related to 

effective teaching Vary, depending on the type of course [17]. 

2.1.4 Use of Technology in Teaching 

Use of technology in teaching started with the use of instructional films. Later, it resulted 

in institutions using television for college-level instruction. Then the research studies 

started to measure the effectiveness of television on learning, particularly as an 

alternative to large lectures. The results of these studies, essentially, indicated that 

although students l e m  almost as much information in courses taught by television as in 

courses taught conventionally, live classes tend to produce superior learning [22]. 

Courses adapted for television by the addition of supplementary visual aids proved to be 

no more effective than televised lecture-bIackboard presentations. 

The outcome of the teaching machines and programmed learning that came later 

were not as good as expected. Programs for teaching were written in accordance with 

carefully specified behavioral objectives, but no dramatic change in learning was 

observed. Research showed that prograrnmed instructions are very sl ight1 y superior to 

traditional instruction [17]. The only programmed learning related method that seemed 

to be successful was the Keller Plan [23]. The Keller Plan or Persondized System of 

Instruction (PSI), was a self-paced, mastery-oriented, modular system of instruction that 

produced not only supenor end-of-course achievement but also superior retention. In 

fact, Keller took good advantage of behavioral psychology principles in building a 

teaching system with such assumptions as: 

- Self-pacing, according to the time that the learner has 
- Breaking the learning task into manageable units 
- Using classroom lectures primarily for motivational purposes 
- Detailed assignments that actively involved leamers 
- Frequent testing and immediate feedback 



In viewing the individualization of education as an alternative to classroom 

lectures and group discussions. Cross [24] points out that self-pacing. active 

participation, clear and explicit goals, small lesson units. and feedback are basic 

principles upon which al1 individualized education is based. In fact. the application of 

these principles cm be found in programmed instruction. cornputer-assisted instruction, 

and individually-prescribed instruction (PSI). The major weakness of Keller's PSI and 

al1 other later individualized education is the foms  of self-management that many 

leamers are Iacking. 

The development of the fint business computer in 1951 heralded a wave of new 

applications for computers. Educaton responded quickly to the perceived potential for 

using computers in education and the drearn of the 50s was that university classrooms 

would be connected to computers which would serve as patient tutors. scrupulous 

examinen and tireless schedulers of instruction. Further. it was expected that the benefits 

to students would include the freedom to follow their own paths of learning, at their own 

Pace at a time convenient to them. with richer materials to work with and automatic 

measurement of their progress [Z]. 

Early evaluation studies of Computer-Based Instruction (CBI) began to appear by 

the late 1960s and early 1970s. which in general supponed the effectiveness of computer- 

based teaching as a supplement to conventional teaching. CBI was reported to reduce 

time required to l e m  and to be effective for teaching mathematics and a number of other 

disciplines [26]. In the late 70s. however, a major evaluation of two systems, PLAT0 (an 

educational network providing access to a central library of lessons) and TICCIT (a 

systern supporting lessons displayed on a color television screen connected to the 

student's keyboard and a local computer). found that neither had reached the potential so 

long claimed. Clark [27], in a review of a number of sirnilar studies questioned the 

methods of teaching used in the "expenments" and suggested that CBI authon had 

simply computerized methods of programmed instruction rather than capitdizing on the 

possible "added value" of using computen. 

However, by the introduction of microcornputers in the 1970s and later, wide 

spread use of computers into education in the 1980s. a revivd of optimism has been seen 

again. In just 50 years, driven by engineering advances such as the integrated circuit 



(IC), high density memory (HDM), and powerful display technology, computer 

technology advanced from the 30-ton ENIAC to battery-powered laptops that are 1,000 

times faster and store 10,000 times more data. Encouraged by the growth of computer 

technology, the last few years have seen the promises of multimedia draw yet more 

optimistic predictions [28]. 

The review of the literature on the use of technology in teaching indicates that the 

latest in this long line of learning technologies is the World Wide Web (WWW). A 

major feature of the WWW is the potential for developers to create links between text 

and other media, not only within an individual document, but also between documents 

residing on any cornputers in the world which have access to the Web. One approach to 

using these features for teachingAeaming is to create documents which contain 

hypertextlhypermedia links in which the Iearner follows a sequence that is often unique 

to the individual learner. Some researchen clairn this kind of facility matches human 

cognition, in particular the organization of memory as a semantic network in which 

concepts are linked together by associations [29]. 

Today, the effect of computer technology on the enhancement of teaching and 

learning processes is still a matter of investigation. The greatest successes, however. are 

achieved with drill and practice programs, and are not yet the stuff of human's dreams 

[291. 

2.1.5 The Move from Teaching to Leamhg 

The move from a focus on teaching and teaching material to a focus on students is 

concurrent with the impact of cognitive psychology on educationd research during the 

1960s and 1970s. One of the most stnking studies was carried out at the University of 

Gothenburg by Ference Marton [30] and his associates Saljo [31] and Svenson [32]. 

These S wedish researchers used a phenomenological-like approach and described the two 

different ways that students approach their textbook assignments. Surface processon 

read the assignment straight and use little attempt to think about the purpose and 

relationship between the assigned reading and their own previous knowledge. They tend 

to memorize the parts of the information they consider to be important. Deep processors, 

on the other hand, look for the purpose of the reading and more likely try to relate it to 



their previous and other learning. They start with the intention of understanding the 

meaning of the assignment, interact actively with the arguments and try to see to what 

extent the conclusions are justified by the evidence presented. 

The distinction between surface and deep approaches to learning appears to be a 

powerful fom of categorization for differences in learning strategies. Svenson [32] in a 

study of student learning over the course of a semester. has a similar categorization. His 

categories are "holistic" and "atomistic" which represent different ways in which students 

organize or structure their responses in descnbing what they remember. The "holistic" 

approach involves integrating the main parts into a stmctured whole. The "atomistic" 

approach concentrates on aggregating the parts without interrelating or integrating them. 

The Gothenburg studies stimulated other researchers to devise questionnaires and 

develop remedial programs for students whose approaches to learning were rigid and 

ineffective. Thus, the focus in research on teaching shifted from the teacher to the 

students. Courses designed to teach students how to be more effective leamers have been 

designed by researchen like McKeachie, Pintrich. and Lin (331, and Weinstein and 

Mayer [34]. 

Recent research based on cognitive theory indicates a better understanding of 

student's learning. Motivation theory. too. is beginning to help researchen understand 

why some students fail to achieve their potential. Research on the relationships between 

active deep processing and intrînsic motivation also is in the beginning stages [17]. 

2.2 Learning 

2.2.1 Definition 

There are at least two approaches to finding an appropnate definition for "learning." One 

approach is to check the way psychologists define it. The best reference may be the fifth 

edition of Emest Hilgard's classic, Theones of Leaming, a book whose contents have 

been taught to several generations of psychology students [35]: 

Learning refers to the change in a subject's behavior or behavior potential to a given 
situation brought about by the subject's repeated experiences in that situation, provided 
that the behavior change cannot be explained on the bais  of the subject's native response 



tendencies, maturation, or temporary States (such as fatigue, drunkenness, drives, and so 
on). 

The most significant weakness in the above definition, as has been pointed out by 

the critics, is the failure to link learning directly to teaching. Apparently, students learn 

best when they are well taught. This is obviously in contradiction with the notion that 

"learning" may result from "native response tendencies" and "maturation" [17]. 

The other approach is to find how the experts in the field of education and 

educational psychology define "learning." One effort to define learning in educational 

Leaming is a process of acquinng and integrating through a systemized process of 
instruction or organized experience varying foms of knowledge, skill, and understanding 
that the Iearner may use or apply in later situations and under conditions different from 
those of instruction. 

One of the global definitions of learning can be found from the most widely 

reported studies carried out in the University of Gothenburg in Sweden. Saljo [3 11 

canied out an interview study of what individuals understood by learning and from this 

interview he developed five categories: 

- Learning as a quantitative increase in knowledge: Learning is acquiring information or 
"knowing a lot." 

- Learning as memorizing: Learning is storing information that cm be reproduced. 
- Leaming as acquiring facts, skills and methods that cm be retained and used a s  
necessary. 

- Learning a s  making sense or abstracting meaning: Leaming involves relating parts of 
the subject matter to each other and to the real world. 

- Leaming as interpreting and understanding reality in a different way: Learning involves 
comprehending the world by reinterpreting knowledge. 

According to Ramsden [37] conceptions four and five are quditatively different 

from the first three which imply a less complex view of what learning is (Le., learning is 

something extemal to the learner). Conceptions four and five emphasize the intemal or 

personal aspect of leaming: learning is sornething that one does in order to understand the 

real world, rather than something done by someone or something to the leamer. 

Moreover, Fincher, a prominent education psychologist, believes that in any effort 

to define "Leaming" one should take the following items into consideration [38]: 

- Some leaming can result from teaching but it can result from other forms of organized 
experience. 



- The process of learning include cognitive. behavioral, and expenmental dimensions or 
components. 

- Learning should be seen in relation to its future uses or applications and its transfer to 
situations and conditions. 

- Leaming and teaching are dual processes that must be treated systematically if they are 
to make educational sense. 

As a definition. it is quite compatible with Robert Gagne's more concise 
definition [39]: 

Learning is a change in human disposition or capability, which penists over time, and 
which is not sirnply ascnbable to processes of growth. 

However, it seems that learning is something more than a change in performance. 

En its broadest sense, another definition is as follows [38]: 

Learning is as a process of progressive change from ignorance to knowledge. from 
inability to cornpetence, and from indifference to understanding. 

Since learning and teaching are complementary processes, teaching, in the same 

manner can be defined as the means by which the situations. conditions. tasks, and 

materials are systemized to give the leamers the opportunity to acquire new or different 

ways of thinking, feeling, and doing [38]. 

2.2.2 LeamingSituations 

Leaming situations or the conditions under which learning occurs are rnany and varied. 

The major factors within the learning situation that have been identified are as follows 

1381: 

- The individual differences in the students themselves (Le.. their academic ability, 

their previous preparation at the secondary level, and the various motives or 

incentives that bring them to the classroom); 

- The nature of the learning matenals, tasks, equipment, and facilities that will be 

involved in academic course work including the structure and content of the academic 

programs themselves, the type of teaching aids, and the other educational facilities; 

- The nature and quality of instruction the student receives, the conditions of practice, 

guidance, mode of presentation, feedback, and other teaching dimensions; and 



- Environmental variables that may be either simple or complex in their influence on 

learning outcomes; i.e., conditions, and situations affecting learning process including 

those as simple as class size and those as cornplex as the various foms  of extemal 

reinforcement, and interaction. 

Many educational researchers believe that individual difference between learnen 

will aiways account for the larger proportion of variance in leaming outcomes. and that 

institutional characteristics do not have immediate influence on what students Iearn and 

how well they l e m  [40]. The influence of course organization and content. instructional 

methods, and the means by which student performance is evaluated can sometimes be 

major determining factors in leaming. More or less. this is the case for the influence of 

environmental vari ables, which have their own appreciable credence. 

Gagne, more than any educational psychologist, has tried to specify the situations 

under which human learning occurs [39]. In Gagne's view, learning takes place when 

extemal events, in the form of stimuli, and internal events in the form of mernories, affect 

the learner in such a way as to produce a change in performance. Teaching is defined as 

a collection of extemal events that are deliberately planned and arranged. Inforrnation- 

processing models of leaming and memory account for the internal events that affect 

changes in performance. Thus, the ourcomes of learning are varied, but Gagne believes 

that most of them c m  be classified under five major capabilities as intellectual skills. 

cognitive strategies, verbal information, motor skills, and attitudes. 

Gagne believes, the events of learning can be identified as follows: 

- Sensory attending and selective perception 
- Storage in short-term memory 
- Encoding 
- Storage in long-term rnemory 
- Retrieval and response generation 
- Feedback or reinforcement. 

Perhaps, as Fincher suggests, the most pertinent view may be the emphasis that 

Gagne gives to the structure or organization of education (leaming) and the advantages of 

b~aking down learning tasks into their less complex components 1381. The main 

message in al1 of Gagne's works is that if teaching is to enhance student learning, it must 

be designecl for that specific purpose. 



However, as Fincher argues, research in leaming situations indicates that the 

unanswered questions are many. Much to a researcher's regret, general theories of 

behavior based on learning provide diverse, yet no precise answers to some fundamental 

questions. In Fincher's view, some of the crucial questions may be identified as follows 

[38]: 

- What is it that is learned? 
- Does leaming proceed through sequential and incremental stages or by integration 
and multi-directional characteristics or what? 

- Do learners learn specific responses or do they k m  to connect or associate responses 
to differential situations or what? 

- Do leamers acquire skills or cognitive structures (in the form of expectancies, schemata, 
or images) or what? 

- How do learners respond to questions? Is it a kind of trial-and-enor or a kind of insight 
into the relations of a problem? 

- Cm any learning occur without "practice?" If yes, what is the nature of the 
reinforcement to fixate it? 

- How are the influences of variables like memory, consciousness, active attention, and 
other situations of human nervous system on leming? 

2.2.3 Learning Theory and Research 

As was discussed in the previous section, two views have dominated learning theory and 

research. They are behaviorist and cognitive views of leaming. In general, the 

behaviorist approach to leaming suggests that good learning is demonstrated when the 

instructor can wnte objectives relevant to the course content, specify classroom 

procedures and student behavion needed to teach and learn such objectives, and 

demonstrate that students have achieved the objective aftenvard. Cognitive theory. on 

the other hand, sees a leamer at the center stage [41]. The teacher becomes a facilitator 

of learning. rather than one who delivers information. This perspective on learning 

contrasts sharply with views that learners get the point as long as the teacher provides 

appropnate stimuli. 

Judged by the research, none of the learning theories has ken successful, as 

theones in engineering or other disciplines usualiy do, in defining the boundary and 

significant features of a leaming system 1381. The irony is that when one needs 

systematic, verifiable knowledge about leaming processes and their implications for 

higher education, slhe finds that leaming îheory and research is quite limited. 



As Fincher argues [38], the greatest weakness of learning theories is their inability 

to agree on an acceptable typology for learning. None offer a taxonomy that makes sense 

in modeling a leaming process. The only taxonorny with some promise is from the 

1950s. It is cailed Bloom's Taxonomy [42]. It divides the leaming skills and intellectual 

abilities into six major levels identified as: (1) acquisition of knowledge or information 

(memorizing), (2) comprehension or understanding the message, (3) application of the 

material comprehended, (4) analysis of the meaning of a comprehension, (5) synthesis of 

parts for a whole to constitute a new pattern/structure, and (6) evaluation or judgment 

about the value of an idea, solution, material, procedure or method. 

As shown in Fig. 2.1, the first two levels are known as lower-order abilities and 

the oihen as higher-orders. Higher-order learning skills are more difficult to master than 

lower-orders. Higher-order leaming skills are required to ever-greater extents as students 
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Fip. 2.1: Bloom's Taxonomy 
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progress to upper level courses. Although it is possible to conceive of these major levels 

in severai different arrangements. this Bloom's classification represents something of the 

hierarchical order of the different levels of abilities. The skills or abilities in one level are 

likely to make use of and be built on the behavios found in the preceding levels. 

A more direct application of learning theories may be seen in the efforts of some 

psychologists for trmslating theories of leaming into a workable theory of teaching. For 

instance, Bruner [43] initiated such an effort by emphasizing the stnicture of knowledge 



as the content of what is taught and the teaching methods as the means by which students 

should l em.  He saw a theory of teaching as a perspective that could set forth rules for 

achieving knowledge. 

Research in the 70s gave better insight into the structure and processes of 

memory. Studies of Marton and others in Gothenburg University opened new avenues to 

understand the process of teachingllearning. Learning. in general, was viewed as the 

structural networks of concepts and actions that link network components in an integrated 

fom. According to Bower and Hilgard [12], several thousand researchers in related 

fields were at work on the problem of learning during those years. Unfortunately. for 

those researchers who were expecting some unity in learning theories. behavioral 

research was increasingly diversified in subjects that could be categorized as sub- 

problems. In the meantime cognitive psychologists were more or less concemed with 

mode1 building and the networking of sub-routines in cognition. Much of their research 

has resulted in better understanding of short-tem memory, the function of organization in 

long-term rnemory, and the different kinds of memory that may be used in information 

processing but with no lead to any realistic suggestion for the educational implications. 

However, based on different working hypotheses found in the research literature. 

Fincher [38] believes that one can reach some general pnnciples of leming that are most 

visible and agreeable as follows: 

- Leaming is dependent on the capacities of learner. 
- Learning is a function of the conditions of practices and or instruction imposed on the 
learner. 

- Leaming materials and tasks are more easily mastered when they are meaningful. i.e.. 
when they are suitably organized, have a logicdly related part or components. and 
specify the conditions or circumstances under which they will be used or applied. 

- Learning is facilitated by knowledge of results - especially if that knowledge is 
immediate and specific. 

- The transfer of learning is dependent on the similarities of the learning tasks andfor the 
similarities of principles and work methods that can be applied in the transfer situation. 

- Learning is related to the degree and quality of learner motivation, Le., lemers 
apparently perform beiter when motivation is intrinsic instead of extnnsic and reward is 
to be preferred over punishment. 

- Learning is also related to the learner's level of aspiration, and the learner's experiences 
with success or failure in striving to reach certain levels of aspiration. 



Fincher then argues that the following hypotheses can be derived from the above 

with the consideration of later findings: 

- Leaming is an active process and not the passive reception of stimuli or information. 
- Motivation is a necessary condition of Iearning, but excessive motivation may not be 
conductive to leaming effectiveness. 

- Intrinsic motivation may be preferable to extnnsic motivation but is seldom possible 
with human subjects, thus researchen must be satisfied to control incentives and 
not motive per se. 

- Some experience with success is necessary to develop a tolerance for failure. 
- Guidance in training can be effective if given early and in relatively small doses. 
- An undentanding of relationships, facilitates transfer of training but there is no 
substitute for repetitive practice in the acquisition and development of a skill. 

- Training methods must take into consideration not only the product of learning methods 
but the process as well, i.e.. consideration must be given not only to "what to do" but 
"how to do it." 

McKeachie. on the other hand. believes that only two principles of learning hold 

consistently [45]: (1) active learning is still better than passive Iearning, and (2) 

meaningfid learning is still more effective than rote memory. Other principles apparently 

do not hold because education is an interactive situation in which the conditions, 

materials, and tasks of leaming are different and much more complex. The learning of 

students in school and university is an interaction of numberless complex variables over 

an extended period of time. 

2.2.4 Acquisition of Kno wledge 

According to the work of many theorists and researchers, to understand student 

acquisition of knowledge. one has to investigate both the content structure (structure of 

subject matter) and the student's intemal representation of content structure. In a 

cognitive view, the content structure is defined as "the web of concepts and their 

interrelationships in a body of teaching material". Content structure consists of two parts: 

meaning of concepts and operations. and sets of rules and step-by-step procedures for 

solving a problem or attaining a goal. The content structure of a course may be derived 

from the teaching material, consisting of lectures, textbooks, syllabi, handouts, exams, 

and so on. 

Donald has studied the content structures in sixteen university courses 

representing different disciplines [45]. She asked professors to rate the key concepts in 



tems of certain charactenstics. The professors then used these key concepts to construct 

a "tree" and described the relationships of each link in the tree structure. The tree 

structure illustrated the dominant relationships of key concepts in the course. Donald 

found that the relationship arnong the key concepts was frequently the superordinate- 

subordinates (big picture-small picture) relationship. She also found that natural science 

courses showed greater use of dependency or causal relationships between key concepts. 

whereas social science and humanities courses showed greater use of similarity 

relationships. 

On the other hand, the student's intemal representation of content structure. called 

cognitive structure, may be considered as a mental structure of organized knowledge 

stored in his or her memory. Some cognitive theorists believe that these structures are 

cumulative and assimilative blends of information [17]. They argue that these are 

categories of mental structures that store and organize past experience and guide each 

individual's subsequent perception and experience. Cognitive structure, as pt-ior 

knowledge, is viewed as one of the most important variables in determining meaningful 

learning and retention. Different theories of memory have postulated different kinds of 

cornponents and different representations of cognitive structures. One theory, for 

instance, includes images and episodes as components of cognitive structure and the 

other one, proposes spatial images as a kind of knowledge representation that preserves 

the configuration or pattern of elements [17]. 

The importance of organization and structure in the acquisition of knowledge and 

learning is revealed in the top-down approach of teaching. As McKeachie believes (451, 

teachen could influence the development of students' knowledge structures by presenting 

the structure and organization of teaching material in a meaningful way, requiring 

students to actively organize the learning material, and activating the learner's cognitive 

structure and linking (bridging) the teaching material to students' knowledge structures. 

Separate from the above view, some educaton give an interesting interpretation of 

learning theories involving the acquisition of knowledge. For instance, Baroody, based 

on a similar interpretation. tries to show how each of these theoretical approaches deals 

with the acquisition of knowledge 1441. He suggests that: 



Generally, there are two basic theones of leaming: absorption theory and cognitive 
theory. Each reflects a differeni belief about the nature of knowledge and how 
knowledge is acquired. Absorption theory suggests that knowledge is impressed upon 
the mind from without. Basically, knowledge is viewed as a collection of facts. Facts are 
learned by means of memonzation. In effect, learning is a process of intemalizing or 
copying information. 

Table 2.2 is an effort by this research to highlight and demonstrate the ways that 

the absorption approach defines the process of knowledge acquisition as argued by 

Baroody [44]. 

Table 2.2: Absorption A~proach ro Knoivledge Acauisirion 
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Learning 
BY 

Association 

Learning 
BY 

Repetition 

tearning 
BY 

Accumulation 

- Knowledge is viewed as a collection of facts and skills made up of 
basic elements (associations). 

- At the most basic level. lcaming facts and skills involves forming associations. For 
instance. mastering a basic addition combination requires learning that a number pair is 
associated with a particular sum (e.g.. 7 and 3 are associated with 10). - Automatic and accuratc production of a basic number combination is simply a well- 
ingrained habit of associating a particular response with a particular stimulus. 

Exam~le: Upon seeing or hearing the stimulus 7 + 3. snident lwks up the associated sum in 
long-term rnemory and responds. "= 10." 

- Learning is fundamentally a process of memorization. - Understanding is not deemed necessary for the formation of associations. 
- A leamer rnereIy needs to be receptive and willing to practice. 
- Facts are learned by means of memorization. 
- Learning is a process of interndizing or copying information. and essentially passive 

process. - Associations are impressed upon the mind largely through repetition. 
- Motto: Practice makes wrfect. 
Examde: Student cements ihe bond between 7 + 3 and 10 rhrough repeated practice with 
sufficient exposure. The fact 7 + 3 = 10 is firmiy printed on the mind. 

- Knowledge expansion is basically an accumulative process: an increase in the number 
of associations stored. - Knowldge expands by the memorization of new associations (e-g.. mastering the basic 
addition combinations, involves accumulating 100's associations or facts). 

- Basic factdhabits can be linked together to fonn more complex facts or habits. 
Examde: Mastering an addition algorithm (a stepby-step procedure) for two-digit additlon 
without carrying (e.g., 46 + 23 = -1. 
This skill cntails stringing together six simple habits into a habit sequences: 
(a) Start with the right-hand column 
(b) Rctneve the sum for the two tenns in this column (6 + 3 = 9) 
(c) Record the sum beneath these terms 
(d) Movc to the Icft-hand cot umn 
(e) R d 1  the sum of these two tenns (4 + 2 = 6) 
(0 Record the sum btneath these left-hand digits 

Moreover, Baroody suggests that [44]: 

Cognitive theory, on the other hand, argues that meaninghil knowledge cannot be 
imposed from without but must be worked out from within. Genuine knowledge entails 
insight or understanding. Meaningful learning is a different process from learning by rote 
memorization. Leaming by insight or understanding is effectively a problem-solving 
process: noting and then puzzling over dues, rearranging the available evidence. and 



finally seeing a problern in a new light. Cognitive theory claims that knowledge is 
strucnire: elements of information connected by relationships to form an organized and 
meaningful whoie. Thus, the essence of knowledge acquisition is leaniing general 
relationships. Once one discovers a relationship, s/he has a powerful tool for 
remembering a body of knowledge despite its extent. Cognitive theory points out that. 
typically, memory is not photographic. One usually does not make an exact copy of the 
extemal world and store every detail or fact. Instead, one tends to store relationships that 
summarize information about many particular cases. In this way, memory c m  store vast 
amounts of information efficiently and economically. 

Table 2.3 is a sirnilar effort by this research study to highlight and demonstrate 

the ways that the cognitive approach defines the knowledge acquisition as argued by 

Baroody [44]. 

Learning 
BY 

Learning 
BY 

Active 
Construction 

(Growth 
of 

Meaningful 
Knowledge) 

Table 2.3: Cognitive Amroach ro Knowledpe Acouisition 
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- Relationships are a key basis of learning. 
- The essence of knowledge acquisition is learning structure and general relationships. - Structures are elernents of information connected by relationships to fonn an organized 

and meaningfiil whole. 
- Once a relationship is discovered between elements of information. it acts as a powerful 

twl for remembering a body of knowledge despite of its extent. 
Examole: Combinations that include zero as an addend (e.g.. 1 + O = 1. 2 + O = 2. . . . ). dl are 
bodies of knowledge of the same general relationships. Whenever zero is an addend, the 
other addend remains unchanged (N + O = N or N + O = N d e ) .  

f 1 ) LEARNING BY ASSIMILA77ON - Understanding occurs by relating new information to what is already known (or 
understanding new information in terms of extant knowledge). 

Examole: If the new incoming information is that: O is the nurnber narne for adding 
"nothing". the student reflects that 6 + O  must be 6. By relating the unfamiliar zero symbol to 
his previous knowledge chat adding nothing to a set laves the set unchanged. dhe quickly 
assirnilates the new symbolic information. (As a result of his or her insight. she can then 
undentand and rcspond appropriately to sirnilar but new expression such as 3 + O = -- . 
121 LEARNING BY INTEGRATION 
- Understanding occurs by noticing a relationship betwcen previously known but isolated 

bits of information (integration). 
Examde: Take a studcnt who knows dhe has 5 fingers on each hmd and 10 fingers 
altogethcr. yet persists in calculating the surn whcn given the symbolic problem 5 + 5 = -. 
(His or her practical knowIcdgc concerning his fingers is not connected to his or her formai 
knowlcdge of addition. If these two bits of isolatcd knowledge can bc brought togcther, sthe 
will be able to respond autornatically with "10" whenever s/he sees or h e m  the symbolic 
pmbtem 5 + 5 = -.) 

- Knowltdge acquisition involves more than just accumulating information. It changes 
thought patterns. Making a connection can change the way knowledge is organized. thus 
changing how a student thinks about something. 

Example: Takt a student who dots not know the basic subuaction combinations and must 
use finger counting to calcuIatc diffcrcnccs. Given the scries of problems 2 - 1 = -, 4 - 2 = - 
-, 6 - 3 = -, 8 - 4 = -. 10 - 5 = -. The student laboriously calculates each answer. Suddenly 
he has an insight: the subtraction combinations arc a mirror image of the well-known 
addition doubles (1 + 1 = 2, 2 + 2 =4 .  3 + 3 = 6. 4 + 4 = 8, 5 + 5 = 10). There is a 
nlationship betwetn subtraction combinations and the famiiiar addition facts! Afterwad 
s/he views subtraction in a differcnt light. Given problem like 5 - 3 = -, s/he thinks to 
huhim: "'thrct plus what rnakcs five? Oh, y&. two." 



Laurillard discusses a number of key aspects of leaming that are useful in 

concluding this section (461. These aspects are: 

Apprehendina Structure: Students construct rneaning as they read, listen, act and reflect 
on the subject content. "Meaning" is given through structure and it is therefore essential 
that students are able to interpret the structure of any discourse before they can constnict 
the meaning that is crucial to undentanding. Students adopting the surface approach, as 
they focus on mernorizing a number of phrases and points for later reproduction, would 
fail to do this. 
Intematinn Parts: Students need to be able to integrate the signs of knowledge such as 
language, symbols, diagrams with what is signified by them. 
Acting on the Word: There are few teachers who attempt to teach without asking 
students to do something, whether it be laboratory sessions or essay writing. Students are 
asked to engage in some form of activity which, when integrated with other activities 
mentioned here, assist in understanding of content. 
Using Feedback: Actions such as those mentioned above are futile for student leaming, 
unless feedback on individuai actions is available. 
Reflectina on Goals - Action - Feedback: Learners interpret and understand reaiity as 
they make links between each of the above aspects by reflecting on the goals of learning, 
actions taken, and the results of those actions. 

Worth mentioning is the accommodation of the above aspects by Alexander [29] 

in her proposed notion on the use of hypertextlhypermedia in learning. She believes that 

because hypertext is a node-link system based upon semantic structures, as opposed to a 

sequential access system, hypennedia can map fairly directly the structure of knowledge 

representing it. (See 2.1.4) 

However Laurillard's ideas [46] about apprehending structure, integrating parts, 

action. feedback and reflection has been well-taken by Alexander 1291, but the extent to 

which it is possible for students to acquire the ieacher's structure and map it on to their 

own existing structures is questionable. Leamers develop individual interpretations of 

information and hence construct their own meaning. Alexander 1291 notifies this fact 

when she says that since it is rare for two people to construct the same "semantic 

structure," it is therefore unreasonable to expect that a learner could easily adopt the 

teacher' s structure and meaning. 

2.2.5 Rate of Leaming 

The research indicates that students differ in the rate at which they learn a given subject 

or learning task and their learning rate rnay Vary from subject or task to task. Studies of 



programs in which student learning is self-paced suggest thai the slower students may 

require five to six times as long as the faster to master a set of leaming materials [47]. 

Basically, rate of leaming should be measured in terms of amount of ski11 or 

knowledge gained per unit of time. However, the nature of the learning task will partly 

determine the shape of the learning curve - which is, after d l ,  a reflection of learning 

rate. Some learning tasks are of the nature that the amount of gain is approximately 

linear per unit of tirne. This is true when the learning task itself consists of a large 

number of subtasks, each learnable in approxirnately the same arnount of time. Carroll 

(481, a prominent expert in this field. believes that if the amount learned is a linear 

function of time, the degree of learning (in terms of a proportion) is a direct, linear 

function of the ratio of tirne actually spent (time taken to learn) over time needed to leam: 

Time Actually Spent 
Degree of Learning = f [ 

Time Needed 1 

He argued that if the amount learned is not a linear function of time, which is 

usually the case in engineering courses, degree of learning is also not a linear function of 

the above ratio. Sjogren, [49] studied a case in which he confirmed the above ratio, but 

as Carroll noted, only by study of a variety of situations would it be possible to make any 

generalization about the constancy of rate of learning over time. 

In the above ratio, the true arnount of time that a student needs to learn something 

is a variable that cannot be observed directly since it assumes that the student is well- 

motivated (that is, he is willing to spend al1 necessary time to leam), and that instruction 

is optimal. Nevertheless, one way to estimate the time needed to l e m  is by projecting 

from early stages of learning. For exarnple, if one had a prograrn of teaching that 

contained 1,000 pieces of information and a student took 10 hours to master the first 100. 

it is reasonable guess that s/he would take 100 hours to do the whole iot. 

The best way of estimating time needed is to use tests of relevant aptitudes and 

pnor knowledge. Carroll originally developed the above ratio in the context of his main 

work on the prediction of success in foreign languages. He found that a battery of tests 

that he developed, now cdled the Modern Languuge Aptitude Test, was an excellent 

predictor of rate of learning foreign languages, particularly when the student had no prior 

training in the language. 



Aptitudes, as measured by either standardized aptitude tests or simple pretests of 

students' pnor knowIedge of a subject, are not oniy good predictions of the level to which 

students will learn in a given tirne, but also can show the arnount of time they will require 

to leam to a given level. Carroll looked at aptitudes as measuring gauges rather than as 

indices for the Ievel to which students could learn. The mode1 stated that if students were 

allowed the time they needed to leam to some level. and they spent the required learning 

time, then they could be expected to attain the level. However, if students were not 

allowed enough tirne, then the degree to which they could be expected to learn was a 

function of the ratio of the tirne actually spent in learning to the time needed. The hiIl 

Carroll model can be summarized as follows [48]: 

Degree of Learning = f [ 1. Time Allowed 2. Perserverance 
3. Aptitude 4. Quality of Teaching 1 

5. Ability to Unders tan d 

The time spent was determined by the arnount of time students were willing to 

spend actively involved in the leaming (i.e., their perseverance) and the total learning 

time they were allowed. The learning time each student required was determined by his 

or her aptitude for the task. the quality of teaching, and his or her ability to understand the 

instruction. Quality of teaching was defined in terms of the degree to which the 

presentation, explanation, and ordenng of the learning task's elements approached the 

optimum for each leamer. The ability to understand instruction represented the student's 

ability to generdly profit from the instruction and was closely identified with general 

intelligence. 

Actually, it was Bloom who iater transformed this conceptual model into an 

effective working model for learning [SOI. Bloom argued that if students were normally 

distributed with respect to aptitude for a subject, and if they were provided unifom 

instruction in terms of quantity and learning tirne, then achievement at the subject's 

completion would be nomally distributed. Further, the relationship between aptitude and 

achievement would be high. However, if students were normally disîributed on aptitude 

but each leamer received optimal quality of teaching and the required learning time, then 

a majority of students could be expected to attain mastery. There would be linle or no 



relationship between aptitude and achievement (e.g., aptitude is normally distributed and 

achievement rnay be a skewed distribution to the nght side). 

The model offered by Bloom inspired Carroll for further work. Carroll later 

argued that the time a given student will take to attain a criterion (master a learning task) 

may be thought of as a time-line: [5 11 . 
Start tirne Critenon attainment 

The line for the faster student will, of course. be short. while it may be very long 

for the slower student. In fact, it is necessary to allow for the possibility that some 

students will never reach criterion; for such students. one rnay think of the length of the 

line as infinite. When the task is very difficult. or when it depends upon very special 

aptitudes, there may be quite a number of students who will never "make" it. 

With reference to the student's aptitude time-line. the effect of poor quality of 

teaching interacting with poor ability to understand instruction is to increase the required 

learning tirne beyond what would be required under optimal conditions: 

Start tirne Normal time Criterion 
for criterion attainment 
attainment under poor 

teaching 

Carroll assumed that the two variables. quality of teaching and student's ability to 

understand, interact with each other. He mentioned that there are more interactions 

among the components of his model. For example, good quality of teaching tends to 

enhance students' interest and willingness to spend the required amount of tirne on 

learning. Carroll also assumed that the students an "starting from scratch" in whatever 

learning task they are undertaking. But new learning tasks are often started without 

regard for the fact that some students already have some knowledge about it (prior 

knowledge) or have even previously leamed whatever is k ing  taught. 



2.2.6 Lea rning Stra tegies 

There are different definitions of leaming strategies. Weinstein and Mayer [34] define 

learning strategies as thoughts and behavion that a learncr engages in during leaming and 

that are intended to influence the encoding process. They have proposed four main 

cornponents of information processing, al1 of which cm be influenced by the use of 

learning strategies. The four components are: selection, acquisition. construction. and 

integration. 

The selection component is defined as the attention to certain information in the 

environment and the transfer of it to working memory. Acquisition involves the transfer 

of information from working memory to long-term memory for permanent storage. The 

constmction component is the involvement of the student in building connections 

between ideas in working memory. This process is also called schema development. The 

integration phase is connecting pnor knowledge with incoming information. McKeachie 

and others prefer to refer to these different phases of information processing as attraction, 

encoding, organization, and retrieval [45]. 

In contrast, some researchers divide learning strategies in mucro-level and micro- 

level [17]. They believe reviewing, note taking, and comprehension are macro-level 

learning strategies that complement micro-level cognitive processes such as attention and 

encoding. These macro-processes concern the students' processing of instructional input. 

whether this input is from a teacher, a textbook, or another medium. 

McKeachie and others believes in three cognitive strategies: basic rehearsal 

strategies, elaboration strategies, and organizational strategies [45]. Basic reheanal 

strategies involve reciting or naming items from a list to be learned. They believe this 

suategy is related to the attention and encoding components as the learner brings 

information into working memory. Rehearsal strategies for cornplex tasks such as 

leaniing material from a text include saying the material aloud as one reads, copying the 

material over into a notebook, taking notes as one reads, and underlining or highlighting 

sections of the text. 

Elaboration strategies help students store information in their long-tenn rnemory 

by building intemal connectiofis between items to be learned. One of the basic leaming 



tasks that can be performed with elaboration strategies is leaming foreign language 

vocabulary. Research has shown that a technique known as "keyword method" is the 

best method for learning vocabulary [17]. The "keyword method" involves the building 

of two types of links between the foreign word and its English counterpart. One link is 

formed between the words by chwsing an English word that sounds similar to the foreign 

word. Then, this new word that sounds like the foreign word is paired with the English 

definition of the foreign word in a mental image that helps the reader to remember the 

links between al1 three words. Some researchen suggest that the students will have better 

performance if the teacher or the textbook provides the links. 

Organizational strategies help the learner to select appropriate information and 

also constmct connections among the information by clustenng. Clustering is the 

grouping of the words to be learned into categories that reflect some shared 

characteristics or attributes. Based on these strategies, a variety of techniques have been 

developed to help leamers to identify the main ideas in a text. Weinstein and Mayer [34] 

believe that these techniques help students to analyze the text structure and understand 

the material better. 

Some researchers believe that learning strategies can be taught to the students. 

They suggest that there are four important pnnciples to follow in teaching the learning 

strategies. They are [45]: 

- 'Pifferent tools should be used for different jobs." The instructor should teach different 
learning strategies for different leaming tasks. However, there is no one best learning 
s trategy . 

- Strategies should be able to be decomposed into identifiable components. This 
approach has the advantage that students can learn the components and then combine 
them in different ways depending on the task. 

- Leaming strategies must be considered in relation to students' knowledge and skills. 
That is; there must be a "match" between the student and the strategy. For example. if 
students cannot decode words, then it is useless to teach them sophisticated 
reading comprehension strategies. 

- Leaming strategies that are assumed to be effective must be empirically validated. For 
instance, techniques that are effective in laboratory may not be effective in classroom. 

However, research indicates that there are many other principles that should be 

considered as well. For instance, training for learning strategies may be more effective if 

it identifies students' existing strategies and strengthens them. Moreover, research 



suggests that short-term training strategies may not be very effective for college students 

as they may prefer and continue to use their own strategies. 

2.3 Motivation 

2.3.1 overview 

Motivation is defined in a general way by educators and psychologists as the processes 

that initiate and sustain behavior. Motivation is defined more specifically for leaming in 

university courses as purposeful engagement in classroom tasks and study to master 

concepts or skills [52]. 

Weiner believes that perhaps the most salient controversy in the field of 

motivation is whether behavior should be conceptualized as mechanistic or cognitive 

153). For example, in the presence of hunger stimuli the response most likely is the 

attainment of food. Behavior directed toward the food then persists until the removal of 

the sustaining stimuli. 

Cognitive theories of motivation, on the other hand, conceive of an action 

sequence as instigated not by stimulation, but by sorne source of information. Extemal or 

intemal events are encoded, categorized, and transformed into a belief, such as "1 am 

hungry." The direction and persistence of behavior as the organism pursues its goal is a 

fùnction of the intervening thought processes. This approach may be broadly 

characterized as stimulus-cognition-response (S-C-R). That is, higher mental processes 

intervene between inputs or stimuli and behavioral outputs or consequences. the structure 

of thought determines action 1531. 

2.3.2. Types of Mechanistic and Cognitive Theodes 

There are types of mechanistic theories. types of cognitive theones, and al1 shades 

of gray in between. For the research purpose, two types of mechanistic theories and two 

types of cognitive concepts are reviewed. Among the rnechanists, some investigators 

attempt to explain behavior without using hypothetical constnicts or intervening 



variables. They believe that stimuli and responses are sufficient terms in their scientific 

schema. The approach of Skinner and his followers is included within this category [54]. 

On the other hand, neobehaviorists such as Hull [55] and Spence [56] include 

many intervening constructs in their theories of behavior. Although they are still 

mechanistic theorists, nevertheless they recognize that the cornplexity of behavior 

demands the postulation of complex constmct systems. This point of view assumes that 

stimuli are the instigators of behavior and learning or habits are rigid S-R connections. In 

contrat to the Hull-Spence approach, the cognitive theories of Atkinson [57], Lcwin 

[58], and Tolman [59] state that stimuli are not conceived as the causes of action, and 

leaming is not conceived as rigid S-R couplings. These conceptions are classified as 

Expectancy * Value theories. That is, the direction and intensity of behavior in these 

conceptions is a hinction of the expectation that certain actions will lead to the goal. The 

four types of theories are shown in the Table 2.4. A closer, yet concise, look at the broad 

spectrum of proposed theories of motivation is given in the next section. 

Table 2.4: T\pes of Motivarion Theories 

Classi fia tion F 
Mechanistic 

l Cognitive 

Cognitive 

I Theory 1 Summary 1 Proponents 

S-R ( connections. Intervening hypotheticai constmcts 1 other associationists and 

S tructuse 
1 Behavior explaineci in tenns of stimulus-response 

are not empioytd in the &aÏysis of actions. 
Behavior expIained in terms of stimulus-response 

2.3.3. A CIoser Look at Human Motivation 

Skinner. Watson, 

behavioirists. 
Spence. Huil. Miller. 

S-Constmct-R 

S-Cognition-R 

S-Cognition-R 

Weiner, in his latest book on human motivation, defines motivation as the smdy of the 

determinants of thought and action. [60]. He believes that motivation addresses why 

connections. Intervening constructs dso are 
cmployed in the analysis of action, such as drive, 
habit. incentive, and so fonh. 
Thoughts intervcne between incoming 
infonnation and the final behavioral responst. 
The main cognitive determinant of action is an 
"expectancy." 
Thoughts intervcne between incoming 
information and the final behavioral response. 
Many cognitive processes determine action. such 
as information secking. causal attributions, etc. 

behavior is initiated, persists, and stops, as well as what choices are made. Weiner argues 

Brown. and other 
neobehaviorists. 

Atkinson. Lewin. Rotter, 
Vroom. and Tolman 

Heider, Festinger, Kelley. 
and Lazarus 

that in attempting to develop a scientific explanation that examines the above questions, 



questions, researchers have formulated general theories that are guided by metaphors of 

what a person "is." The roots of the motivational theories that have k e n  developed c m  

be traced back to the seminal contributions of Descartes and Darwin. Descartes 

suggested that subhumans are machines, and Darwin documented that, therefore, humans 

are machines. Furthermore, both fostered the notion that humans are Godlike, that is, 

they have mincis and engage in rational thinking and judging of others. These two 

metaphors spawned two types of motivational theones; those accepting some aspect of 

the machine comparison (drive and field theories) and those guided by the Godlike 

comparison (expectancy-value and attribution theories). 

The drive theoreticai approach to motivation states that behavior is determined by 

drive * habit [55 & 561. With later eiaboration, learned drives and incentives came to be 

included among the determinants of performance. The main contribution of drive theory 

has k e n  the systematic and precise exploration of motivated behavior from a mechanistic 

position. 

Thefield theory proposed by Heider [53] states that the perception of an object is 

influenced by the field of forces surrounding that object and the interrelationships among 

the forces in the field. Furthermore, there is a tendency for the force field to reach 

equilibrium. Guided by these presumptions, the theories of Lewin and Heider presurned 

that behavior occurs within a psychological field and that many interaction forces 

determine behavior at any one moment [53]. 

On the other hand, the three expectancy-value conceptions of motivation are: 

Lewin's resultant valence theory [58], Atkinson's theory of achievement 1571, and 

Rotter's social learning approach 1611. Al1 are based on the principle that individuals 

maxirnize their hedonic pursuits by selecting those activities with the highest likelihood 

of reaching the most valued goal. These approaches are based on a Godlike metaphor; 

that is, humans, Iike Cod, are given complete rational powen. They are assumed to 

possess knowledge of al1 alternatives, the likelihood of attaining these potential choices, 

complete capability of assigning each goal a value, and the capacity not only to merge 

expectancy and value into a single numencd figure, but also to compare this figure with 

dl others. These theories concentrate on achievement suivings, with goal attainment 

c-red by success and non-attainment of a goal synonymous with failure. Furthemore. 



level of aspiration, or the difficulty of the goal for which one is striving, is a key research 

issue for al!. Also, expectancy shifts play a dominant role in their empirical 

investigations. Finally, individual differences assume a much more dominant role than 

was the case in the machine-based conceptions. This is because. as the metaphors for the 

study of human motivation changed, the research shifted from the study of sub-humans to 

the testing of humans. where these individuai differences are so prominent. 

The founder of the attributional approach of motivation is Fria Heider, and the 

underlying assumption of this conceptual approach is that humans are motivated to attain 

a causal understanding of the world [60]. That is. they want to know "why" an event has 

occurred. Causes have been classified within three dimensions, or as having basic 

properties, labeled locus of causality (internai or extemal), stability (stable or unstable 

over time), and controllability (controllable or not controllable). The causal dimension of 

stability relates to expectancy changes after success and failure. Relatively enduring 

causes indicate that the past outcomes will be repeated again in the future. whereas 

variable causes signify that the hiture may differ from the past. The causal dimension of 

locus relates to self-esteem and pride in accomplishment following success and failure, 

with intemal causes magnifying positive and negative sel f-regard, respective1 y. following 

success and failure. The locus-esteem relation also is seen in research on excuse giving, 

and may account for the maintenance of self-esteem among the stigmatized. who may 

tend to attribute bad outcomes to the prejudice of others rather than to their handicaps. 

Finally, the dimension of controllability relates to self-directed affects of guilt and shame, 

with guilt requiring a controllable attribution for a transgression, whereas shame follows 

given and uncontrollable ascnption for a failure or negative event [53]. 

Expectancy and affect, both of which are mediated by causal attributions, 

influence the choice, intensity, and persistence of behavior. Attributions of failure to a 

lack of ability are particularly debilitating because ability is a stable cause that also 

generates low self-esteem and shame given failure. On the other hand, causal attributions 

of failure to a lack of effort tend to enhance perfomance [53]. 

Weiner emphasizes that there is a growing belief in psychology that individuals 

a inefficient usen of information, attempting to reduce cognitive strain by taking 

shortcuts in mental processing. Further, they are not rational decision-makers. What is 



emerging. then. is a belief that the capacities and capabilities of humans, their 

information-processing and decision-making capacities are more limited than the Godlike 

metaphor. Thus, the order of the Godlike metaphor has become strange such that its 

validity is becoming increasingly questioned. As happened with the mechanistic 

metaphor. psychologists are beginning to accept that the metaphor is "untrue;" 

individuais are not Godlike in their cognitive abilities. A new associated implication of 

the Godlike metaphor appears to be emerging, one that relies more on emotionality and 

less on rationality, more on evaluation and less on decision-making and choice. and is 

more focused on the external social world and less on the self. Weiner has called this the 

"person as a judge" rnetaphor [60]. 

2.3.4. Student Motivation 

In this section. the focus is on addressing the recent theories of motivation that have 

particular relevance for university teaching and learning. As was stated earlier, 

motivation can be defined more specifically for leaming in university courses as 

purposeful engagement in classroom tasks and study, to master concepts or skills. As 

suggested by Ames [62] and Brophy [63], it is a process in which students value learning 

and involve themselves in classroom assignments and activities. 

Although there are many models of motivation that may be relevant to univenity 

student learning, this research has chosen to focus on two typical models for review. 

These two models are a need-expectancy model and an expecrancy-value model. These 

models are basically cognitive models of motivation, in contrat to psychodynarnic 

models (e.g., models based on Freudian theory), ego-psychology models (e-g., models 

based on Erikson's theory), drive models (models based on Spence's or Hull's theories), 

or humanistic models (models based on Maslow's theory) [17.64]. Since this research is 

primarily concerned with student learning. rather than other aspects in teachingfleaming, 

these two models of motivation fit nicely with this focus. 

1. A Need-Expectancv Mode1 of Student Motivation 

McMillan and Forsyth have successfully developed a model of student motivation in a 

collective perspective [52]. On the basis of motivation theories by Rotter, Atkinson, and 

Vroom. and earlier work by McMillan himself, they have developed a model to organize 



what they believe are, theoretically, the most important influences of motivation for 

learning [52,53,60] (Fig. 2.2). 

In developing the model, they have made the following assumptions [52]: 

- Students can be motivated to greater involvement and higher achievement. Research 
indicates that appropriate instructional behaviors and course structures will enhance 
students' motivation. 

- Motivation concems three fundamental questions: ( 1) what onginates or initiates 
students' activity? (2) what causes a student to move toward a goal? and (3) what 
causes a student to persist in striving toward a goal? 

- Motivational theories tend to emphasize factors within individuals or factors in the 
environment. Factors within individuals are traits such as fear of failure, need to 
achieve high grades, or get into graduate school. Factors in the environment are 
such as the manner in which leciures are given, the competitiveness of grading system, 
or the relation the teacher establishes with students. 

- While questions conceming motivation are simple, the answers are complex. involving 
a multitude of factors in both the students and the environment. Thus, no one theory 
can be applied to every situation. Each one is insufficient by itself, and thus many 
theories must be considered simultaneously. 

- Most of theories of classroom motivation focus on needs or cognition of students. 
Needs are deficiencies within students but can be influenced significantly from extemal 
sources. Cognitive theories. which maintain that thoughts and mental processes are 
crucial in determining motivation, currently dominate the motivational literature. 

NEEDS 
Self-acnidiz3rion 

I Nad to ûchievc 
Cornpetence 
Self-wonh 

Selfcfficacy 
Rtvious otpaîena 
Suc~csr of othas 

F;eedb;ick 
Attributions 

Fin. 2.2: A Coanitive Behaviora f Modef for Student Motivation 
from McMillan & F o m  

McMiIlan and Forsyth's model is based on the approach that academic learning is 

basically a cognitive activity and that students' motivation is heavily influenced by their 



thinking about what they perceive as important, and what they believe they can 

accomplish. Simply stated, according to their model, two crucial categories of factors 

that determine motivation are needs and expectations. Needs, which have dominated 

much of the humanistic and behavionst theories on motivation, initiate action and tend to 

motivate students to attain satisfaction and rewards. The term expectations, on the other 

hand, refers to the notion that the student's evaluations of their ability to achieve will 

influence their level of effort in leaming. Students need to believe that with reasonable 

effort, they can perforrn a task successfully. 

The determinants of needs and expectations emphasize different theories of 

motivation. Conversely, several well-established theories emphasize different kinds of 

needs. In the mean time, determinants of expectations emphasize cognitive theories of 

motivation. By searching the literature, one finds that these determinants have been 

described in different theories of motivation. The definition of each of these 

determinants have been paraphrased from different sources as follows: 

Self-Actualization: It is the need of personal fulfillment and full realization of potential. 
Self-actualization is at the top of Maslow's well-known hierarchy of needs [64] (Fig. 
2.3). At the bottom of the hierarchy are physiological and safety needs. which must be 
met before a peson will be motivated to satisfy belonging, love. and esteem needs. 
These in tum must be satisfied before self-actualization. A higher need generally 
emerges only after lower needs have been met, thus students may be ideally motivated 

Fip. 2.3: Masbw 's Hierarchv of Needs 

for achievement when love and belonging needs (such as fnendship and acceptance of 
others) have been met. Maslow's hierarchy suggests that classes in which students have 
positive regards for one another and feel a sense of caring from the professor will be 
more motivated to achieve. 



Need to Achieve: One of the most fully developed and relevant need models for teaching 
and learning is achievement motivation theory developed by Atkinson 1651. This theory 
is based on the assumption that a stable personality characteristics, termed the need tu 
achieve, is an important determinant of achievement-related behaviors in any leaming 
situation. Based on the research, students with a high need for achievement will be 
attracted to challenging leaming tasks and students with a need to avoid Mure  may 
exhibit anxiety and fear, and thus, will need more positive feedback. 
Cornpetence: A primary need motive for univenity students is to become comptent or 
to affect one's environment. This need involves achieving mastery and accomplishment 
and feeling a sense of control. Chikering 1661 points out that students are in need of 
experiences that build their confidence in their ability to handle university-level courses. 
Self-Worth: It is maintaining a positive view of oneself. Covington 1671 theorizes that 
much of students' behavior is designed to enhance their self-worth. In competitive 
situations, two conditions affect behavior to enhance self-worth - scarcity of rewards, and 
the tendency to equate the ability to achieve with self-worth. The emphasis on ability 
coupled with grading on the curve and other competitive practices, indicates that grades 
are evidence of ability; that is, when one student out of a class of thirty receives an A. 
that achievement suggests strong ability . Conversel y. snidents who fail may interpret 
their achievement as an indication of low ability, particularly if high effort was exerted. 
When students believe that an upcoming situation holds little hope for obtaining scarce 
rewards, behaviors are adopted to avoid the feelings of negative self-worth that would 
accompany low achievement. 
Develo~mental Level: Students are motivated by what interests them, whai challenges 
them, and what competencies or abilities they feel a need to improve. During the p s t  
three decades, a number of developmental theories of university students have been 
articulated that help to understand where students are, and how students change during 
univeaity 1681. Two well-known theones are Chickering's mode1 of student 
development and Perry's theory of intellecnial and ethical development. Chickenng [66] 
has postulated that students have seven developmental needs or concems: developing 
cornpetence, managing emotions, developing autonomy, establishing identity, freeing 
interpersonal relationships, developing purpose, and developing integrity. The more 
students can be engaged in these issues. the more likely they are to be motivated. On the 
other hand. Perry's theory of intellectual and ethical development [69] provides a basis 
for understanding how students think about and take responsibility for what they know 
and value. From the motivational view, students are rnost likely to be engaged and 
interested when they are challenged by thinking that is beyond their current viewpoints. 
Goals: Students' needs are also determined by the goals they set for themselves. Goals 
can be short-term. such as a goal to achieve a certain gade on a test, or long-term. 
involving career decisions. According to Atkinson's achievement theory [Ml, need for 
achievement can affect goals. That is those with a high need for success select goals 
demonstrating excellence and tend to be most motivated when there is feedback of results 
and some risk of failing. Moreover according to this theory, students in easy classes are 
unlikely to be motivated. It is also important to select goals and objectives that are worth 
leaming. Often, to increase students' perception of task value, teachers need to explicitly 
indicate why learning is worthwhile. When one sets goals and makes a comrnitment to 
reaching them, motivation is increased. 



Self-Efficacv: Perceived self-efficacy involves beliefs about abilities to perform 
behavion to attain designed outcomes. Students wiih high self-efficacy have high 
expectations and are more likely to engage in leaming and vice versa. High self-eficacy 
is important in difficult kaming tasks. since students who believe they are capable of 
perfonning well, tend to persist longer than students who doubt their abilities [70]. 
Previous Exwrience: Students who have previously perfomed well in particular content 
areas or on particular learning tasks are likely to have high expectations of being able to 
perfonn well in similar areas or tasks. Likewise. a history of difficulty or failure will 
produce negative expectations. 
Success of Others: Self-evaiuations and expectations are influenced by social 
comparisons, especiall y where objective standards of performance are lacking. Even in 
classrooms that utilize criterion-referenced goals. students, by observing the success of 
others. tend to corne to certain conclusions to explain their performance. 
Feedback: Expectations can be influenced greatly by feedback from professors. If a 
source is credible and tmstworthy, positive feedback about abilities is likely to lead to 
increase expectations and motivation. Research indicates that teachen* expectations can 
influence students' expectations. and feedback is a prirnary means of communicating 
teachers' expectations. Feedback about performance is generally more motivating than 
simple rewards or rein forcements, because the information is meaningful to the studen t. 
According to Deci [71]. if a teacher rewards students extrinsically with grades. to bribe 
them into performance, it is possible to decrease their motivation for continuing the 
behavior in the future. Students' attention should be on learning and on their 
cornpetence, not on achieving rewards. 
Attribution: Attributional theory is a theory of how individuals reason about causes of 
events. Attribution theorists believe that students explain their successes and failures in 
many ways. For exarnple, some students attribute what they perceive to be success to 
their high ability and effort; others attribute failure to bad luck, unfair tests, or lack of 
sleep the night before. As stated earlier. these attributional factors have been 
characterized through three dimensions [72]: (1) locus; (2) constancy; and (3) 
responsibility. Locus refers to whether the cause is an intemal factor, such as ability or 
effort, or an extemal factor. such as test difficulty or the grading procedure. Constancy 
refers to the duration of the attribution, whether stable or unstable. Responsibility refers 
to whether the cause is controlled and/or intentional. Fig. 2.4. demonstrate the 
attributional theory of motivation in a pictorial form. As the diagram shows after success 
or failure (achievemenr behavior), students incorporate information that can be thought of 
as antecedents in order to make attributions, which in turn determine expectancies. The 

Fia. 2.4: Atributional Theorv of Motivation 
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most important antecedent is the student's initial expectations for how well s/he will do. 
Students who expect success and who are successful tend to attribute their performance 
to ability. Effort is also an important antecedent. If students exert a great deal of effort 
and fail, the tendency is to find external causes or attnbute failure to lack of ability. 
Brophy (631 points out that motivation is higher when students succeed with reasonable 
rather than with high effort. so that they see themselves as capable. 

2. A Value-Ex~ectancy Model of Student Motivation 

This model has ken proposed by McKeachie and his colleagues [45] in an atternpt to 

examine the joint cognitive and motivational construct in the context of the university 

classroom. Although this model is based on Atkinson's model of achievemeni 

motivation [65]. it also relates nicely to attributional theory [72]. In fact. recent cognitive 

reformulation of Atkinson's model have made the role of students* perceptions or 

cognitions central to achievement dynamics. In Atkinson* s model, the students' 

probability of success was defined in ternis of task difficulty. Several researchers, e.g., 

Weiner [73] and Eccles [74], have pointed out that it is not the actual task difficulty that 

determines the students' expectancy of success but the students' perceived probability of 

success given their perceptions of the task difficulty and their perceived ability. 

Accordingly, in these newer cognitive models of motivation. students' perceptions about 

themselves and the task are the most important components of motivation. 

Fig. 2.5 displays the general relationships between the expectancy and task value 

components and their relationship to achievement. The model is interestingly similar to 

Fin. 2.5: A Value-Emecrancv Model 
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the Eccles' expectancy-value model with sorne additions and refinements [74]. The 

developen of this model stress that these additions and refinements have k e n  added to 

integrate the various motivational constnicts of other researchers. 

The rnodel is composed of two paths. The task value path is at the top of the 

figure and flows from students* goal orientation to their perceptions of the task, and from 

their perceived self-cornpetence to the task value. The expectancy path, on the other 

hand, is at the bottom of the figure and flows from students' efficacy, control, and 

outcome beliefs to both their perceptions of the task and test anxiety, and from their 

perceived competence and test anxiety to the expectancy. Expectancy in combination 

with task value is assumed to lead to task involvement and subsequent achievement. The 

six general constructs that lead to "achievement;" Le.. student goal orientation. student 

efficacy, control and outcome belief, perception of task difficulty, task-specific perceived 

competence, test anxiety and affect, task value and expectancy for success, are al1 student 

perception constructs assumed to mediate the relationship between the college classroom 

environment and student involvernent and achievement. 

Needless to say, the missing part in this model is the influence of the 

environmental factors on student achievement. The impact of environmental variables at 

the course level, such as instructor characteristics, structure of the class, grading practice, 

and types of exams, although indirect factors, could noi be ignored in any model for 

student motivation. However, the relationships among the value and expectancy 

components in this model, as defined by McKeachie and his colleagues [45], are 

paraphrased as follows: 

Expectancv: The expectancy component, as stated earlier, is the student's belief about 
his or her probability of success or failure on a particular task. Expectancies can be 
specific or general. For example, students cm believe they will fail a mid-term exam in 
chemistry because they did not study. A more generalized expectancy would be students' 
beliefs about their potentid for receiving a good grade in chemistry, while an even more 
generalized expectancy would be the perception that they will do well or poorly in al1 
future science courses. 
Perceived Self-Cornpetence: In this model, it is assumed that the interaction of the 
student's perception of task difficulty and perceived selfcompetence produces the 
student's expectancy. Perceived self-cornpetence is not the sarne as expectancy for 
success or actual ability. It is defined as students' perceptions of their ability to 
accomplish a particular task. In addition, perceived selfcompetence may Vary dong the 



specific to general dimension, as does expectancy. However, it is generally assumed that 
perceived self-competence is more stable than expectancy. 
Perception of Task Difficultv: According to the research the exact relationship of 
perceived task difficulty to expectancy is not clear. Eccles 1741 and some other 
researchers believe that perceptions of task difficulty is inversely related to expectancy. 
However, Students' achievement, if measured by GPA, is somehow related to difficulty 
of the types of courses they elect. This model assumes that student perceptions of task 
difficulty may change the relationship of task difficulty to students' expectancy for 
success and their subsequent achievement behavior. For example, and introductory 
psychology course may not be as difficult as a general chemistry course in terms of 
complexity of the materials covered, yet it rnay be perceived by some students to be more 
difficult due to different requiremen ts. 
Test Anxiety: This model assumes that student beliefs influence test anxiety and that test 
anxiety is negatively related to expectancy for success. Generally, test anxiety is 
assumed to have two components, a cognitive component and an emotionality 
component. Research suggest that test anxiety is a cluster of interrelated factors whose 
relationships to cognition, motivation, and ultimately to test performance, change as a 
student progresses through the achievement cycle. The research also suggests that the 
test anxiety is the result of poor study strategies than of anxiety itself. 
Student ~ f f cacv ,  Control. and Outcorne ~eliefs: This constnict has k e n  described very 
well in the attributional theory of motivation. According to attributional theory, many 
attributions can be provided for most achievement situations, e.g., ability, skill, effort, 
luck, task difficulty, mood, illness, fatigue. As stated earlier, the three main dimensions 
on which attributions can be placed include locus, stabiiio, and controllability. The 
locus dimension refers to the intemal or external nature of the cause in relation to the 
individual. For example. ability and effort are intemal causes, while task difficulty and 
luck are external causes. The stability of an attribution refers to the manner in which the 
cause may fluctuate over time. For example, ability is an intemal cause that is assumed 
to be stable over tirne, while effort is assumed to be changeable over time. Luck and task 
difficulty are both extemal causes that are assumed to be unstable. The controllability 
dimension refen CO the individud's ability to control the cause. For example, mood, 
fatigue, and effort are al1 intemal and unstable causes. yet effort is under the individual's 
control while mood and fatigue are not. Similarly, aptitude (an intemal and stable cause) 
is not considered to be under the individud's control, while skill (an interna1 and unstable 
cause) can be brought under the individual's control. 
Student Goal Orientation: Students goals influence the degree to which they value 
certain learning tasks. As stated earlier, student goals can be long-term or short-term 
goals. Generally, their goals can be conceptualized dong a continuum from the career 
goals and life goals to the more specific level. to a particular task, exam, or course. 
Research shows that there are three general perspectives on student goals, an intrinsic 
motivation approach, a self-worth approach, and a cognitive goal formation approach as 
described below respectively: 

a. I n t h i c  Motivation: Intrinsic motivation is the expectation that engaging in 
or completing a task will be enjoyable. It, therefore, includes both attainment 
value and interest. Intrinsic motivation to learn has been conceptualized as 
the students' desire to learn, to discover and to develop. Intrinsic motivation 



for learning convasts with extnnsic motivation in which the motivation is 
determined by values not inherent in the task such as grades, vocational 
utility, or praise. 

b. Self-Wonh: This component was discussed earlier. A self-worth approach of 
motivation assumes that one of the driving forces of students' motivational 
dynamics is the maintaining of self-worth. In this approach, students are not 
necessarily intrinsically motivated for challenge of learning, but rather are 
motivated to increase their feelings of self-worth and selfesteem. 

c. Cognitive Goal Formation: This approach encompasses aspects of the 
intrinsic motivation view as well as the self-worth view. It is a very recent 
approach to motivation and yet has not been fomulated fully. ïhis approach 
synthesizes the other two views but is more process-oriented and predicts that 
students will have different goal orientation for different tasks. For some 
tasks. students may be dnven by a performance goal in other cases, they may 
adopt a leming goal to strive to master the task. 

Task Value: The task value component includes the characteristics of the task as well as 
the needs and goals of the student. Three components of the task value are: the 
attainment value, the intrinsic value or the intrinsic interest value of the task, and the 
utility value of the task for future goals. There has been very little research on these 
components of the task value. 

a. Anainment Value: Attainment value refen to the students' perception of the 
task's ability to provide a challenge, fulfill certain achievement needs, and to 
confirm the self-cornpetence. For example. students who think of themselves 
as "smart" and perceive a certain course as both a challenge and a 
confirmation of "smartness" would have a high attainment value for this 
course. 

b. lntrinsic or Interest Value: This value refers to the individual's inherent 
enjoyment of the task. Intrinsic interest is assumed to influence students* 
involvement in the task and their future achievement. 

c. Utility Value: Utility value refers to the "ends" or instrumental motivation of 
the student. It is detemined by the importance of the task in facilitating the 
student's goals. For example. general chemistry may not be an inherently 
interesting task or have high attainment value for a student, but because the 
student has a goal of becoming an engineer. the course has a high utility value 
for the student. 

The analysis of teaching and learning systems is a complex matter. The systematic 

literanire review employed in this research tned to capture as much of this complexity as 

possible. Snapshots of different aspects of teaching and learning and their interaction 

were presented. The literahire review rnight be seen as eclectic, but it was organized 



around certain clearly focused goals and purposes. The major goals and purposes were 

achieved by recognizing the most important issues, practices and research associated with 

teaching and learning in higher education in particular. and student motivation in general. 

Section 1 of this chapter. established historical perspective on the nature and practice of 

teaching as well as the historical background of research conducted in this field. Section 

2, in reporting the issue of student learning and learning theories and research. showed 

the important implications associated with student learning diversity. Section 3, 

introduced the issue of motivation in general and then focused on two general models of 

student motivation to illustrate the main factors involved within typical motivational 

models. 

Lastly, the ideas on teachingAeaming for impatient and hasty readers of this 

chapter, c m  be summarized as follows: 

Teaching and leaming are dual and complementary processes. 

In any effort for modeling a teaching-learning system, more weight should go to the 

"leaming side." Student "learning" should be the main focus. 

Teaching'learning is a system comprising three main components interacting directly 

with each other, and being influenced indirectly by environmental factors. The three 

main components of the system are: students' characteristics, teaching characteristics. 

and subject matter characteristics. Motivational variables are involved with al1 of the 

three cornponents and exchanged between them. 

The process of teachindearning includes cognitive, behavioral, and experimental 

dimensions. These dimensions take their weights from the following views on 

learning: 

= The Behaviorist View: Learning behaviors are controlled by stimuli. 

= The Humanistic View: The emphasis is on student needs. 

= The Cognitive View: The focus is on students' cognition, their opinions and beliefs 

about the situation around hem and their evduation of their abilities form the 

leaming behavior. 

Fig. 2.6 is an effort by this study to demonstrate these ideas in a pictonal form. 

"Learning" could be placed at the center-stage. It may be expressed basically in ternis of 

the degree of sîudent abilities and motivation. "Student" and "teacher," where the latter 



is shown in general term as "teaching system," are the pivotal axes of the 

teachingflearning system. "Subject matter," is the other axis of the system. Learning 

environment and teaching environment represent the impact of teaching and learning 

dimensions that are in the background and impart their indirect influences on the system. 

Teaching and Iearning environment, in general, refer to those aspects in the 

teachingnearning system that affect the teacher and the student respectively, e.g.. the 

administrative policies. cumculum. facilities and so forth. The last component, "other 

factors," covers al1 the side issues such as learning strategies, effective teaching methods, 

Environment I Matter 

and those issues not discussed such as student gender, culture, and so on. 

Fin. 2.6: Com~onenrs A ffecrin p Teach ina/Learnina Svsrems 

Teachlng Other 
Environment Factors 



Chapter 3 

Literature Review: 
2. More on Learning 

In the previous chapter, this study descnbed a number of general aspects in the literature 

on teaching and learning that were mainly related to student learning. But to be more 

specific, a survey should be conducted to find how educators have dealt with the links 

that exist between students* learning characteristics and the ways that learners approach a 

learning task. This, inevitably, demands a search into countless theories, views, and 

models that are available in the literature. To be more efficient and to not get 

overwhelmed by the large quantity, this research will select and locus on a few 

significant theories and models for this purpose. First, this chapter contains literature 

review of the main approaches about human memory and information processing. 

Second, some well known developrnental models of student leaming will be discussed. 

These models describe how students change and develop as their learning progresses. 

Finally, the focus will be switched to four popular models of leaming styles in 

engineering education. These models will present a more acceptable picture of stable and 

distinctive characteristics of leamers. This, in retum, will complete the literature review 

and lead the study to the stage of the analysis and synthesis of the different viewpoints. 

3.1 How the Mind Works 

3.1.7 The Traditional Approach 

The traditional psychological model of the human information system is sequential. That 

is, input is sensed, then processed and output follows. While this model has k e n  



criticized by al1 types of researchen, nearly al1 the currently available information is 

based on it [75]. 

In the traditional system concept of engineering psychology, the hurnan is 

considered a receptor and processor of information or energy, who outputs information or 

energy. Input, processing, and output follow each other in a sequence. The output can be 

used to solve a problem, tackle an issue in case of information, or run a machine in case 

of energy. The actual performance of this system is monitored, compared with the 

desired performance (reference) and then adjusted. Hence, one feedback loop connects 

or several feedback loops connect. the output side, or one of its elements. with the input 

side [75]. 

The difference between output and input is registered in a comparator where both 

output and input are compared with each other, and corrective actions are taken to 

minimize any output/input difference. The human in this system compares. makes 

decisions, and corrects. This basic mode1 is depicted in Fig. 3.1. 

Fia. 3.1: Structure of a General Ennineerinn Control Process 
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This "human processor," which is known as "human mind" is the object of 

research, either to undentand learning functions or to observe the mind's actions and 

reactions within the system. In the 1970s and 80s, information theory, including signal 

channeling and processing, were major research topics. These theories and concepts are 

beyond the scope of this research, but there are many related publications in the field of 

O U T P U T S  
d 

cognitive psychology [75]. "Input" and "output" are the sites of application of human- 

factors engineering as well 1761. 

'Traditional" psychologists believe that human memory functions can be 

described as a linear sequence of stages, from perception to encoding to decision to 

response (Fig. 3.2). 



F~P. 3.2: The Traditional Psvcholoaical Model of  Human Mind 
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Research is done separately on each of these stages, on their substages, and on 

their connections. Such independent, stage-related information is then cornbined in a 

linear model to provide information for the engineering psychologist [76]. 
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3.7.2 Other Approaches 
The traditional model is thought invalid by b'ecological" psychologists. Ecological 

psychologists suggest that human perception is basically oriented toward the 

environment. Based on the thoughts of many of hem, hurnan perception assumes 

sirnultaneous rather than sequential interactions [76]. Two major concepts in the 

ecological approach are aflordance and its perception. Affordance is the propeny of an 

environment that has certain values to the human. For instance, in an example of 

teachingflearning, a univenity affords opportunity to higher education for students who 

have the necessary qualifications, but not for students who do not have. Thus. 

opportunity for higher education is the property of the university, but its affordance value 

is specific to the user. The second concept is that information about affordance can be 

perceived directly and simultaneously by various human senses. That is, encoding dues 

not precede decision, which does not precede response, but instead information is 

distributed throughout the system. This approach requires fundarnentally new models 

and research on information processing in a different way than that associated with 

traditional psychology. 

Cognitive psychologists, on the other hand, are the advocates of a concept known 

as the theory of information integration [77]. This theory treats rnemory (knowledge or 
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thought) and judgement (action) as interdependent at every level. It aims to incorporate 

thought and action within a general theory of cognition. Integration theory has a 

functional approach to the memory structure. It suggests that functional memory is 

multiform and distributed and can be accessed in arbitrary serial-parallel complexity. 

A challenging point of the cognitive integration theory is its capability for 

measurement of psychological values. To illustrate. suppose that information is given 

about a student's ability and past performance. together with two pieces of information 

about motivation. The prediction for future performance, then may be given by: 

Future Performance = Past Performance 
+ (Motivation 1 + MotivationZ) x Ability 

As one rnay notify, the theory of information integration employs cognitive algebra for 

measurement of psychological values. In fact, this approach provides a powerful ground 

for defining and measuring similar psychological values. (See Chapter 6.2) 

However. as mentioned in the previous section, the literature still States that. 

current knowledge is almost completely based on the "traditional" sequential-system 

concept. Despite suffering critics by al1 types of researchers, nearly al1 the currently 

available information is based on traditional approach [75]. 

3.1.3. Levels of Processhg in the Memory 

The idea of different levels of processing is well established in the psychological 

literature on human rnemory and information processing. Models of human memory 

have described generally three distinct types of memory: a sensory register, a short-term 

memory and a long-term memory. 

Sensorv Memory 

Sensory mernories are known to exist for vision, audition, and, possibly touch. They are 

characterized by k i n g  very brief, and at l e s t  in the case of vision, as being a liieral 

representation, i.e., a more or less photographie image of the stimulus. Items in sensory 

memory quickly fade or are erased by new inputs. In the case of vision an image usually 

persists for about a quarter of a second or slightly longer. The auditory sensory memory 



appears to 1 s t  for at least a quarter of a second and may last as long as one to five 

seconds 1761. 

In addition to vision and audition, thete is some evidence for a sensory memory 

for touch that lasts for about 0.8 second. Similar mernories may exist for other senses as 

well. Literanire shows it is still not altogether clear what role sensory memory plays in 

cognition [76]. 

Short-term Memorv (STM) 

A second memory store is short-term memory (STM). People use STM to hold 

information temporarily, usually for a few seconds and up to about 20 seconds. 

Information stored in STM appears to corne from both extemal and intemal sources. 

Extemal information cornes into the short-term memory through the senses and the 

perceptual process. Internai sources include the results of reasoning or the outcome of a 

problem-solving task. The exact visual, auditory, or kinesthetic image or message is not 

directly stored in STM. Rather. the information stored must first be encoded. 

Information is converted into a form that is consistent with human physiology and that 

aids further processing of the information [75]. 

Research indicates that the two best known characteristics of STM are capacity 

and duration. The short-term memory store is small and can hold about six or seven 

units of information. A unit is any organization of information that has previously 

become familiar, such as familiar words or a familiar configuration. For example, if 

someone looked up a seven-character telephone number and stored this information in 

STM for a few seconds while dialing, he or she would usually store and correctly recall 

the seven characters. To improve learner's performance in learning tasks that use STM. 

one must take into account the capacity limit of STM and ensure that it is never exceeded 

1751. 

Long-tenn Mernory (LTMl 

The long-term memory (LTM) is a more or less permanent memory storage. The 

concepts of learning and memory are closely related. The results of learning must be 

remembered for experience to accumulate. Unlike STM, long-term memory essentially 

seerns to be unlimiteci, and items stored in it appear to last forever. LTM can be divided 



into episodic (storing episodes of experience) and semantic (storing and relating 

concepts). Items tend to make it into LTM if the item can easily be "hooked-up" or 

"linked" with something that is already there. Thus, long-term memory relies heavily on 

organization to build and maintain content [75]. 

Information can be held in storage for longer periods by intemal repetition 

(rehearsal), and if repeated sufficiently often, it will become permanent mernory trace. 

presumably in episodic LTM. This process is what would normally be called rote 

memorization or surface level processing. However, much incoming information is 

reassessed and categonzed in STM before king passed to semantic LTM. This process 

is what is involved in deep level processing [78]. 

When an individual refen to learning, remembering, and forgetting, she is really 

thinking of her or his LTM. Although information rnay never actually be lost from LTM, 

some stored information may become Iess accessible, or less easy to retneve. 

A discussion of memory is also a discussion of forgetting since these two terms are 

complementary (751. This relation can be shown as follows: 

Amount Forgotten = Amount Leamed - Amount Retained 

Why then does one seem to forget material from his or her long-term memory? 

The answer may be found in the fact that at Ieast three operations take place related to 

remembering and forgetting. These are encoding, storage, and retrieval [75]: 

Encodiw: In human mernory, the process of deciding how to classify information is 
refened to as encoding. An encoding system is like a filing system organized, in part, 
according to the categones in their appropriate sections. It requires an individual to 
perceive the information and determine one or more essential characteristics of the 
information. Occasionally, what actually is stored is not the sarne as what was perceived 
originally. Maybe only the essence of what was sensed will be encoded. In fact, this is 
the basic difference between a human memory when it is compared to a filing system in 
real Iife. 
Storaae: The second necessary operation in long-term memory is storage. The LTM has 
been compared to a library. It contains a database of concepts and recorcis of events tied 
together within inter-connecting s ystems. Each individual has a unique conceptual 
structure, although the linkages between concepts which constitute definitions have 
enough in cornmon to allow effective communication of ideas. Concepts can be built up 
by repeated cornparisons of incoming perceptions or information with preexisting 
concepts or linkages between images (for example the sight of a professor and the sound 
of the word "professor"). 



Retrieval: The third long-term memory operation is called retrieval. Retrieval is the 
inverse of stonng. Retrieval from memory depends on the accuracy of the encoding 
system which has already determined where the incoming information would be stored, 
and hence where it is expected subsequently to be found. If the encoding system is to be 
effective and recail easy, it is essential that the data base should contain a large number of 
clearly defined and well differentiated concepts which also carry a large number of 
connecting links witb other concepts. ideas or events. 
Forneîîd: Forgetting may be due to a failure of any of the fore-mentioned three 
operations in LTM. Original encoding may be incorrect (information may be stored 
under another category). information may be in sorne way degraded dunng storage, or 
information may be difficult to retrieve because the search process takes place in the 
wrong part of the file. Some researchers believe that forgetting varies according to the 
nature of the activity that takes place after information is stored and before it is used. 
Others have suggested that forgetting takes place because there has not been ample 
oppominity for new information to be consolidaied with previous knowledge (past 
learning). 

Style of Thinking 

Entwistle and Ramsden [78] attempt to define the terms "divergent thinking" and 

"convergent thinking" based on their broad literature research. They define divergent 

thinking as a search strategy that has a broad focus and allows connections between ideas 

to be made, even when the justifications for the associations are not obvious. They see it 

clearly as a component of problem solving, but logical thinking is also needed. On the 

other hand, Entwistle and Ramsden suggest, convergent thinking will tend to be narrowly 

focused, intense, fast and limited to specific locations. The difference between divergent 

thinking and convergent thinking is not just one of different processes. However, it 

seems that emotiond and attitudinal components are also involved. 

de Bono 1791 has used the term "lateral thinking" to describe the alternative to 

traditional logical (vertical) thinking. He rejects the view that vertical thinking is the 

only possible f o m  of effective thinking. He believes "thinking is a ski11 that can be 

developed and improved if one knows how." He attempts to show how lateral thinking is 

digerent from the vertical thinking by scrutinizing the nature of both. Sorne main 

differences, he suggests, are as follows: 

Vertical thinkina is selective, lateral thinking is generative. Rightness is what 
matten in vertical thinking. Richness is what matters in lateral thinking. Vertical 
thinking selects a pathway by excluding other pathways. Lateral thinking does not select 
but seeks to open up other pathways. With vertical thinking one selects the most 
promising approach to a problem, the best way of looking at a situation. With lateral 



thinking one generates as many alternative approaches as one can even after one has 
found a promising one. 

Vertical thinking moves only if there is a direction in which to move, lateral 
thinking moves in order to generate a direction. With vertical thinking one moves in a 
clearly defined direction towards the solution of a problem if there is a direction in which 
to move. With lateral thinking one moves for the sake of moving and generating a 
direction. 

Vertical thinking; is sequential, lateral thinking can make iumps. With vertical 
thinking one moves fonvard one step at a time. Each step arises directly frorn the 
preceding step to which it is fimly connected. With lateral thinking the steps do not 
have to be sequential. One may jurnp ahead to a new point and then fil1 in the gap 
afterwards. 

With vertical thinking one has to be correct at evew step, with Iateral thinkinn one 
does not have to be. The very essence of vertical thinking is that one must be right at 
each step. This is absolutely fundamental to the nature of vertical thinking. Logical 
thinking and mathematics would not function at al1 without this necessity. In lateral 
thinking however one does not have to be right at each step provided the conclusion is 
right. 

With vertical thinking one concentrates and excludes what is irrelevant, with 
lateral thinking one welcomes chance intrusions. Vertical thinking is selection by 
exclusion. One works within a frame of reference and throws out what is not relevant. 
With lateral thinking one realizes that a pattem cannot be restructured from within itself 
but only as the result of some outside influence. 

de Bono argues that the mind is a pattern-making system that creates pattems out 

of the environment, and then recognizes and uses such patterns [79]. Because the 

sequence of amval of information determines how it is to be arranged into a pattern. such 

pattems are always less than the best possible arrangement of information. To bring such 

patterns up-to-date, and so make better use of the contained information, one needs a 

mechanism for insight restructuring. This can never be provided by logical thinking 

which works to relate accepted concepts, not to restructure them. Lateral thinking is 

required to restructure the perceptual pattern which is the way a situation is viewed. 

Vertical thinking then accepts that perceptual pattem and develops it. 

de Bono believes that lateral thinking is directly concemed with insight and with 

creativity. Whereas both these processes are usually only recognized after they have 

happened, lateral thinking is a deliberate way of using information to bring processes 

about. In practice, lateral thinking and vertical thinking are so complementary that they 

are rnixed together. de Bono also argues that lateral thinking is especially usehl in 

problem solving and in generation of new ideas. He likens problem solving to digging 



holes. Logical (vertical) thinking may dig deeper and deeper holes in quite the wrong 

place. He suggests that lateral thinking is more likely to be effective, like a shallow, 

exploratory hole prior to "deep drilling". Lateral thinking seerns to be closely allied with 

divergent thinking, and de Bono sees it as necessarily leisurely. often having a dream-like 

quaiity where the emotions. as well as the intellect. are given free rein [78]. 

3.2 Developmental Models of Student Learning 

Wilson in his striking book on student learning in higher education [80] has reviewed 

most of the empirical findings on how students learn in higher education. The content of 

his book is centered on such main themes as the context of learning, the general pattern 

of snident intellectual development, and the approach. strategies and styles of thinking 

that students adopt in learning material. He believes that such factors as general ability. 

level of anxiety, and level and type of motivation, play an important part in student 

performance. Wilson points out that the relationship between these variables and 

academic success is not necessarily direct or Iinear, and it is frorn the interactions and 

clustering of the variables that one can understand how students tackle particular tasks. 

He believes that given the current state of knowledge about students and their 

characteristics. mode1 making is like trying to fashion bricks without straw. Surprisingly, 

about a decade later, McKeachie notes that not much has changed and the situation seems 

the same [45]. 

However, to serve the purpose of the research and in line with Wilson's book 

[go], five general models of the process of student learning, which reasonably represent 

the important ones in the area of learning psychology, are reviewed in this section. The 

fint and second are by Biggs 181 & 821 and Entwistle [83] respectively, who present a 

snapshot of different types of learners interacting with conceptudly dificult academic 

subject matters. The third one is by Lautillard 1841, who, by contrast, is interactionist and 

sees students as decision-makers, capable of choosing their own orientations and 

strategies of approach and responsive to the context as  they perceive it. The fourth one is 

by Wilson 1801 who relates types of learners cleady to the level of academic performance 



and the development of the student's capacity to learn. Finally, the fifth model by Milton 

and his colleagues [85] sees both the students and their approaches to the leaming process 

in a totally different scheme. 

Bigns' Presage-Process-Product Model 

Biggs [81] sees "study processes," which constitute a complex of tactics. strategies and 

approaches. as mediating between "presage*' factors, such as persona1 characteristics and 

institutional variables, and "product" factors or academic performance. He has advanced 

a three-factor interactive model in which different combinations of values, motives, and 

strategies produce different "kinds" of leamers, ail of whom may be equally successful in 

higher education. 

Biggs' general model is presented in Fig 3.3. The model maintains that the 

students' approaches to their academic works, and the strategies (e.g., rote leaming) they 

adopt are detennined by such factors as anxiety, induced possibly by "fear of failure" or 

attitudes toward university study, carne from their expectations and values shaped in the 

home or earlier school. Study behavior, as Biggs believes. reflects values. assumptions, 

cognitive style and basic personality structure. With this view. the research problem is to 

PRESAGE PROCESS PRODUCT 

I Presage 
Persona1 
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Strategies Performance 
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map out individual characteristics and to relate them to performance. With these 

objectives in mind, Biggs has devised a Study Process Questionnaire Scales (Table 3.1). 



The scales employ different peaonality variables, academic values and study habits, 

which are seen as k ing  relevant for predicting academic performance [8 11. 

Table 3.1: Studv Process Ouestionnaire Scales 
Ado~ted fmm B w  Ml1 

Pragmatism: grade-oriented; student sees university qualifications as a mean to some 
other ends. 
Academic motivation: intrinsically motivated; sees university study as an end in itself. 
Academic neuroticisrn: overwhelmed and confused by demands of course work. 
InternaliIty: uses intemal, self-determined standards of trutb, not extemal authority. 
Study skills: works consistently , reviews regularly, schedules work. 
Rote learning: centers on facts and details and rote-learns them. 
Meaningful learning: reads widely and relates material :O what i s  already known: 
oriented to understand al1 input matenal. 
Test anxiety: worries about tests, exarns. fear of failure. 
Openness: student sees university as a place where values are questioned. 
Class dependence: needs class structure; rarely questions lectures or texts. 

Biggs obtained consistent results with three student sarnples in a higher order 

factor analysis of these scale scores in relation to academic performance, and identified 

three factors (which explained between 57 and 70 per cent of the total variance), which 

he Iabeled as "Reproducing," "Intemalizing," and "Organizing." Correlation of the 80 

scale items with each of these factors produced constellations of values, motives, and 

cognitive strategies. which made sense in tems of the interactive mode1 proposed (Table 

3.2). 

Table 3.2: Three Onhogond Value- Motive-srru rem Dimensions 
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Biggs descnbes each of these "types*' as follows [8 1 1: 
The "reproducing" person sees the university as an instrument, a means to an end. His 
motives for studying are govemed by the fear of not achieving that end so he defines his 
goals minirnally compatible with success, and uses the simplest strategy of learning, i.e.. 
"reproducing what he is supposed to do and no more." The "intemalizing" type sees the 
university as the place wherein the self actualization process can take place; the motive is 
intrinsic, studying is a process of growing and hence wide reading, interrelating and 
meaningful leaming strategies. Growth only takes place if the material is internalized 
and related to existing knowledge. The "organizing" person is dnven on by the need for 
achievement, and the value is competing and winning, whether the goals are self-set or 
not. 

Fig. 3.4 outlines two possible "models" of study process dimensions: on the first 

(a) individuals may be located in terms of the three factors; on the second (b) the 

reproducing-internalizing dimension is seen to be one mis, with "organizing" a separate 

one. Worth mentioning is that Biggs links this latter two-factor theory with Marton's 

"depth" and "surface" approach [30]. 

Fia 3.4: Alremutive Models of Studv Process Dimensions 
P r 8 1 1  

Entwistle's Distinctive Approaches ModeI 

Entwistle and his colleagues [83] have tested several groups of university students 

on an inventory which comprises 15 sub-scales tapping intxinsic, exuinsic and 

achievement motivation as well as other variables, and related results to academic 

achievement. A factor analysis of the responses identified four dominant factors as 

show below: 

- Deep approachkomprehensîon learning 

- Surface leaming/operation learning 

- Organized, achievement-onented studying 

- Stable extraversion 



Entwistle's main focus was on the stylistic differences in the processes of study. 

He noted that adoption of a deep approach is not identical with orientation towards 

meaning as it clearly also involved tendencies towards superficiality, Le.. towards the 

pathology of globetrotting (failure to use supportive evidence). Within the reproducing 

orientation, he suggested that one could identify both the surface approach with its 

emphasis on memorization of facts and definitions, and the concentration on detailed 

procedures and factual evidence which is the hallmark of operation leaming. 

On the basis of these results, Entwistle advanced a tentative mode1 (Table 3.3) of 

student learning which he explained it as follows: 

Table 3.3: Catenories Describinn Distinctive A pproaches to Learning 
Ado~ttd from Entwistle. et d. r831 
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The first three columns of the diagram describe the factor structure of the inventory, 
while the fourth column indicates the overlap that was found between approach and style 
of leaming. The main advance provided by this figure is to isolate three distinct 
processes of learning, al1 of which are essential to a deep level of understanding. 

These processes are shown as occumng in two stages. The first stage involves 
initial attention either to the overall description (compnhension learning) or to the 



evidence and to steps in the argument (operation learning). This initial focus of attention 
leads on to the second stage of considering relationships, which rnay involve either 
exarnining links between ideas or concepts and with penonal experience (comprehension 
learning), or the way pieces of evidence fit together to build up a logical argument 
(operation learning). To reach a deep level of understanding al1 four processes would 
normally be required, but our factor analyses suggests a tendency for each factor 
identified to have a pathology, as well as a desirable attribute. The orientation towards 
understanding may be accompanied by a tendency towards the superficiality identified 
with globetrotting. The orientation towards reproducing may be partially compensated 
by the attention to detail found in operation learning. And finally the orientation towards 
success may sacrifice understanding for attainment unless a demand for full 
understanding is buili into the criteria of assessment. 

Laurillard's Interactionist Model 

This mode1 reflects how individual differences between students influence their 

perception of the learning task and how the nature of the task and teaching, affect the way 

that students carry out the task. Laurillard [84] assumed that the student's cognitive 

activity is conceived on three stages: "orientation," "strategy," and "execution." He 

suggested seven basic orientations that students take when they study (Fig. 3.5): 
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Some students punue higher education primarily for academic reasons and are genuinely 
interested in the subject matter; others have vocational or career motives; a nurnber have 
social reasons for study, k ing  interested. for example. in their general selfeducation ( I ). 
The balance between these reasons will differ for each student and the demands and 
appeal of the particular course being studied may also be important (even the most 
academically oriented student may lose interest in a poorly taught "service" course, for 

academicail y 

b 
inÉrinsic 

predominandy vocationally oriented students """ wodc hard 1 exîrimic 
social1 y wodc a little invinsic or 

exuinsic &-- 
example), but it is likely that these differences will be reflected in the extent to which 
students apply themselves to their work in the following manner: 
intrinsically oriented students will tend to see the topic being studied as a whole (2); they 
will seek to undentand it, irrespective of what the task itself requires. Extrinsically 
oriented students will see the topic in ternis of the task they have to perform. The task 
itself (3) may be perceived to require "reproductive" (Le. memonzing) or "productive" 
thinking, involving the ability to go "beyond the information given." Perception of the 
demands of the task influences the strategy the student adopts (4). It is maintained that 
intrinsically oriented students will take a "deep" approach. irrespective of the task 
requirements. while extrinsic students will conform to the demands of the task. Thus the 
latter will adopt a "surface" approach if the task requires reproduction. but they are 
capable of deeper processing if that is demanded. The important point is that extrinsic 
students respond to the situation rather rhan defining it. The strategy a student adopts, 
i.e., the approach he takes to the task. together with the style of teaching and the nature of 
the specific content being studied, al1 influence the execution or performance of that task. 
A student adopting a deep approach will reproduce whatever the teaching encourages (6) ,  
but he will also produce what it does not encourage. thus achieving a balanced 
understanding that includes both operation and comprehension leaming. If a student 
takes a "surface" approach, however, he will reproduce only that part of the teaching that 
the learning task requires. 

Wilson has developed a model to integrate al1 the available research findings in a 

developmental model of student learning [80]. This model clearly relates types of 

lemers. to their academic performance as well as their developrnental capacities to l e m .  

The model outlined in Fig. 3.6, shows how students move from a relatively passive 

learning situation at entry (anxious. uncertain. lacking in skills, Iooking for "answers." 

and with no record of success to give them confidence) to an active, thoughtful, 

questioning and challenging, confident learning situation. Wilson's model takes Perry's 

findings [69] into account and assumes that a majority of studenu develop new 

conceptions of what studying in higher education involves over their years in college or 



Refemng to Fig. 3.6. the starting position of the students in the continuum 

depends on their "presage" factors. Wilson defines "presage" factors as factors that 

determine points of entry and influence the rate of progress. On the other hand. the ease 

and speed of progress dong the continuum reflect presage factors and the nature of the 

teaching, learning and assessment. Wilson States [go]:  

The mode1 conceives of the various approaches to study displayed by students as 
correlates of dualistic and relativistic thinking. The dualistic conception defines knowing 
at the lowest level of Bloom's Taxonomy [42]: learning is passive, reproductive, surface 
and verbatim commitment to memory; such a conception implies k ing syllabus bound. 

achievernent depends- 
on the nature of the 
learning task, its 
assessrnent and 

Fia. 3.6: A ûevefo~mentai Mode1 of Student Learning 
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Relativistic conceptions define knowing as comprehending: learning is understanding the 
wider context in which ideas are located, and this implies a process of relating, 

75 



questioning and making meaning. Such deep, thoughtful approaches are characteristics 
of students responsive to and alert for "cues" and of the syllabus free students. 
Relativistic thinkers implicitly have more control over their thinking process and have 
more flexible strategies. 

Growth along the continuum depends partly on presage factors and partly on how 
students are processed in higher education. Therefore one cm define different conditions 
under which intellectual and moral development will or will not occur. The mode1 
recognizes that context factors may lead to growth along the continuum: the role staff 
play, the stmcture of teaching and assessment, effective teach-back and counseling - al1 
may help the student to grow in confidence as a leamer. The learning environment must, 
as Perry argued, provide both support and challenge. 

It is likely that students with tendencies towards comprehension learning, field 
independence and divergence even at entry reffect the more sophisticated, relativistic 
style of thinking about issues that higher education seeks to develop (particularly to the 
aim of prornoting the general powers of the mind). Students with tendencies towards 
operation leaming, field dependence and convergence are likely to have the greatest 
problems acquiring such styles of thinking and require most help in "learning how to 
lem." 

A Different Scheme for Student Leaming 

Milton, Polio, and Eison, in their book, Makiilg Sense of College Grades. introduce a 

totdly different scheme to classify students attitude and perceptions toward their learning 

[85].  They argue that within any university class there are some students who are 

preoccupied with the pursuit of grades and other students who are genuinely committed 

to the process of learning. In fact, they believe that students could basicdly be classified 

as learning-onented (LO) and grade-oriented (GO) as follows: 

Learning-oriented (LO) students view the university classroom as a context in which they 
expect to encounter new information and ideas that will be both personally and 
professionally significant. Gradesriented (GO) students view the college experience as a 
crucible in which they are tested and graded and which is endured as a necessary evil on 
the way to getting a degree or becoming certified in a profession. 

Administration of the resulting scale to hundreds of university and college 
students resulted in the identification of four types of LO/GO student orientations, and 
psychological tests revealed important differences among the four student groups. For 
example. High LO/Low GO students employ the most effective study methods and 
impress instnictors as emotionally able, willing and interested academically. Low 
LOMgh GO students act in conventional ways, show the greatest respect for established 
ideas, and have poor study skills. Low LOlLow GO students are the most difficult to 
identify, their personal and educational patterns are less clear cut dian those students in 
the other groups. High LO/High GO students attribute great importance to luck and fate 
as powefil influences in their Lives. 



Several implications for improving the quality of college learning flow from the 
differences between GO and LO students. Perhaps the most important implication is that 
faculty must examine the extent to which they contnbute to the development of GO 
students. The course requirements of many of these grade givers may encourage 
gnibbing for grades. Complicating matten is the fact that many faculty are derisive of 
GO students. Faculty who hold positions in graduate and professional schools are also 
grade users. An issue for that group is the extent to which admission requirements 
influence the development of grade-oriented undergraduates. Still other grade users are 
leaders in business and industry. They should ponder the question "How do Our 
recmitment policies influence the development of GO students?" 

GO and LO students differ not only in their educational and personal 
characteristics but also in the type of test they prefer to take and in what they pay 
attention to and do in the college or univenity classroom. Methods were developed to 
detemine both what students did and what they were aware of during college lectures. 
Results for both procedures were coded into the categories of on- and off-target. and 
cornparisons were made among the four different LO and GO groups. For both behavior 
and self-report, results indicated the low GO students were more often on-target than high 
GO student; specific differences in learning orientation were found to have no effect. 
High LO/High GO students are more calculating in their classroom behavior than is true 
for the other student groups. 

Conceming the testing preferences, results revealed that while students in both 
groups chose multiplethoice tests, GO students chose such tests far more frequently than 
did LO students. An examination of test scores revealed that the highest scores on both 
types of tests were earned by snidents in the High LO/Low GO group while lowest scores 
were obtained by students in the High LO/High GO group. Put simply. students who are 
highly motivated by grades tend to be more concerned about what impression they create 
on their instmctor than with learning the content of the lecture. A concem for grade, 
thus, does not translate directly into a concem for better learning; rather it translates into 
the student's attempt to appear concerned about learning. For those students the grade is 
more important than the learning supposedly symbolized by the grade. 

Table 3.4 and 3.5 summarize some other important findings of the above studies 
as reported in the book by Milton and his colleagues [85]. Table 3.4 shows the general 
stmcture of the categories used to record classroom behavior and Table 3.5 lists the 
categories used to code self-report protocols. 

Table 3.4: General Structure of Catepones Used ru Record Classroom Behavior 
pascd on Milton. et pl. 183 
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-&te categories: 
Attentive Non-attentive 

J 

Event categories: 
On-Target Off-Target 

- 1 Note taking Relaxing 1 
Question (spontantous) Non-interpersonal behavior 
Hand rising (spontaneous) Watch checkinp; 



Table 3.5: Catenories Used to Code Self- Report Protocols 
B a d  on Milton. et al. 183 

Actively listeninp: and absorbinp: 
Relating material to other material or own life 
Formina opinions, evahations, ideas about materials 
Taking notes and understanding 
Participatinp: in class discussion 

3.3 Models of Learning Styles 

Models of student leaming styles are inevitably one of the corner Stones in any study of 

the teachinflearning processes. Researchers and theorists have developed various 

models of learning styles to describe the different ways that students lem.  The main 

focus of this research is on those learning style models that have been used effectively in 

engineering education. A good overview of different leaming styles theories is given in 

articles by Felder and Silverman 1861 and by Dunn and his colleagues [87]. 

The most important and popular models in the field of engineering education 

research are discussed in a chronological order of their development and in the following 

subsections: 

3.3.1 The Myers-Briggs Type Indicator; 
3.3.2 Kolb's Learning Style Model; 
3 -3.3 Felder-Silveman Learning Style Model; and 
3.3.4 Herrmann Brain Dominance Instrument (HBDI). 

Some ways that engineering educators have used the above learning style models 

to analyze and improve their students learning styles are discussed as well. However, 

many theonsts and researchers agree that educators should try to reach al1 types of 

leamers described in any one theory. Therefore. if one uses one of the above theories, 

then he or she should strive to meet the needs of al1 four styles. Moreover, the interested 

readers are referred to the comparative table of ihese models in Chapter 5.  

3.3.1 The Myers-Biggs Type Indicator (MBTl) 

The Myea-Bnggs Type Indicator (MBTI), 1881 is a self-report, forced-choice penonality 

instrument well used in engineering education. This mode1 classifies students according 



to their preferences on scales derived from psychoiogist Car1 Jung's theory of 

psychological types. The mode1 identifies basic individual preferences regarding 

perception and judgement, and expresses them on four separated bipolar scales. Students 

may be: 

- Extraverts (E), try things out, focus on the outer world of people or Introverts (0, think 
things through, focus on the inner world of ideas; 

- Sensors 61, are practical, detail-oriented. and focus on facts and procedures, or Intuiton 
are imaginative, concept-oriented, and focus on meanings and possibilities; 

- Thinken 0, are skeptical and tend to make decisions based on logic and niles, or 
Feelers (F), are appreciative and tend to make decisions based on personal and 
humanistic considerations; 

- Judgers (J), set and follow agendas and seek closure even with incomplete data, or 
Perceiven (P). adapt to changing circumstances, and resist closure to obtain more data. 

The MBTI type preferences cm be combined to fonn 16 different learning style 

types. However, each student uses al1 eight functions and attitudes, but usually favors 

four of thern. These four preferences, the MBTI type, mode1 an individual's 

consciousness and influence his or her attitudes and behaviors including learning styles 

and study habits. For example, one student may be an ESTP (extravert, sensor. thinker. 

and perceiver) and another may be an INFJ (introvert, intuitor, feeler, and judger). 

Engineering professors usually orient their courses toward introverts (by 

presenting lectures and requiring individual assignrnents rather than emphasizing active 

class involvement and cooperative learning), intuitors (by focusing on engineering 

science rather than design and operations), thinkers (by stressing abstract analysis and 

neglecting interpersonal considerations), and judgers (by concentrating on following the 

syllabus and meeting assignment deadlines rather than on exploring ideas and solving 

problems creativel y). 

Applications of the Mvers-Brigas - Tvpe Indicator 

According to Felder, during the 1980s, thousands of engineering students and hundreds 

of engineering professors took the MBTI as part of a research study conducted by a 

consortium of eight engineering schools [89]. The study examined the effects of 

psychological type differences on the education and career development of engineering 



For example. Yokomoto used the MBTI as a diagnostic tool for engineering 

smdents having academic difficulties [90]. He administered the instrument to them. gave 

them the results, described the characteristics of their type. and let them. as the ultimate 

judge of their behavior patterns. assess the accuracy of their descriptions. Working with 

an ISTJ (introven, sensor, thinker. judger) student who was failing the introductory 

course in electncal circuits. Yokomoto speculated and confirmed that the student relied 

too heavily on memorization and drill (traits of ISTJs) as approaches to problem solving. 

Yokornoto persuaded his student to add strategies based more on a fundamentai 

undentanding of the concepts. The student's performance began to improve by his senior 

year he was eaming A's. The student subsequently received a master's degree in 

electrical engineering. 

Research shows that engineering students are uniformly represented on the 

sensinghtuition ( S N )  scale of MBTI: about 50% S and 50%N. McCaulley [91] has 

suggested that S type students would benefit from step-by-step instruction containing 

practical examples and attention to detail. whereas N types would benefit from exposure 

first to theoretical principles followed by exarnples and applications. 

A study by Rosati showed that mechanical engineering students read the book 

fint for problems and examples, and only as a 1 s t  resort read for theoretical textual 

expianations [92]. The S students read the topic more carefully for details and tried to 

pictured the problem. whereas N students tended to skim the material and were more 

concerned to hook the topic into the overall context of the subject. 

3.3.2 Kolb'ç Leaming Style Mode1 

The Kolb learning theory has k e n  used by a number of engineering educaton to enhance 

the education of engineering students [93]. This mode1 classifies students as having a 

preference for Concrete Experience or Abstract Concepnialization (how they take 

information in), and Active Experimentation or Reflective Observation (how they 

intemalize information). 

Kolb's four learning styles are based on the ways students perceive and process 

information. The vertical line in Fig. 3.7 represents how students perceive information, 

with one extreme being Concrete Experience and the other being Abstract 



Conceptuakation. Students each fa11 somewhere dong that line between those two 

extremes. The horizontal line in Fig. 3.7 represents how students process information. 

with one extreme k i n g  Reflective Observation and the other being Active 

Experimentation. Superimposing these lines yield the four quadrants illustrating the 

learning style. Kolb calls these styles diverges, assimilators, convergers, and 

accommodators. 

CONCRETE 
EXPERIENCE 

(Rely on Feelings) 

t 
1 4  1 TYPE 1 LEARNERS: DIVERGERS 

(take info and create something new on 
their own - problem solvers - creative) 

WHAT IF? 
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ACWE others. be as a source and evaluator) 
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HOW? WHAT? 
(Let them try it. allow them to take (Give them facts, give them lecture in details 
more active d e ,  and leam by doing) and in an organized and accurate manner) 

ABSTRACT 
CONCEPTUAUZATION 

(Thin king) 

Fin. 3.7: Kolb 's LRaminn Smle Mode1 
Ado~rcd and Mudified from S m .  et id. 1961 

In 1979 the educator McCarthy developed the 4MAT System, based on Kolb's 

experiential leaming theory and research on split-brain learning [94]. McCarthy referred 

to the four learning styles as Type 1,  Type 2, Type 3, and Type 4. She developed a 

framework for designing instruction that includes favorite questions for each learning 

style: Why? (Type 1 ), What? (Type 2), How? (Type 3), and What If? (Type 4) [95]. The 

questions and types match Kolb's terms in order respectively: divergers (Type 1). 

assirnilators (Type 2), convergen (Type 3), and accommodators (Type 4). Fig. 3.7, in 



fact, shows Kolb's illustration to which McCarthy's types, corresponding questions to 

each learning style. and teacher's role has been added (961. 

The Leamine: Cycle 

Teaching the leaming objectives in order creates what Kolb calls the "learning cycle." 

which is a pattern for learning new concepts [93]. The cycle begins in quadrant 1 (Fig. 

3.7) with the question "Why?" and progresses clockwise to quadrant 2 (What?), quadrant 

3 (How?), and then quadrant 4 (What If?). McCarthy believes that this progression foms 

a natural cycle of learning [94]. 

According to Kolb, and also McCarthy. following this cycle replicates the way 

people l e m  and thus increases learning. Kolb and McCarthy both advise teachers to 

begin with Type 1 activities (Why?) and progress sequentially to Type 2 activities 

(What?), Type 3 activities (How?). and then Type 4 activities (What Lf?). Progression 

through the leaming cycle in clockwise order stretches students to move into non- 

preferred Iearning modes, thus promoting individual growth. This means that an 

individual's learning style is matched part of the time. but students are stretched also by 

using other styles not as cornfortable for them. Sharp [96] points out that although an 

orderly progression seems helpful, using various activities frorn each iearning style 

preference is beneficial to al1 learners (whether the activities are in sequential order or 

not). 

In general, four types of learners in this classification scheme and the instnictor's 

role for each type of student could be summarized as follows: 

T m  1 (Concrete. Reflective): A charactenstic question of this learning type is "Why?" 
Type 1 leamers respond well to explanations of how course material relates to their 
expenence, their interests, and their future careers. To be effective with Type 1 students, 
the instructor should function as a motivator. 
T m  2 (Abstract. Reflective): A characteristic question of this learning type is "What?" 
Type 2 learners respond to information presented in an organized, logicai fashion and 
benefit if they have time for reflection. To be effective. the instructor should function as 
an expert. 
Twe 3 (Abstract, Active): A characteristic question of this learning type is "How?" Type 
3 learners respond to having opportunities to work actively on well-defined tasks and to 
leam by trial-and-error in an environment that allows them to fail safely. To be effective, 
the instructor should function as a coach, providing guided practice and feedback. 
T m  4 (Concrete, Active): A characteristic question'of this learning type is "What if?" 
Type 4 learnen like applying course material in new situations to solve real problems. To 



be effective. the instructor should stay out of the way. maximizing opportunities for the 
students to discover things for themselves. 

Felder 1891 indicates that traditional engineering instruction focuses almost 

exclusively on fornial presentation of material (lecniring). a style which is comfortable 

for only Type 2 lemen.  He suggests that to reach al1 types of learners, a professor 

should explain the relevance of each new topic (Type 1). present the basic information 

and methods associated with the topic (Type 2), provide oppominities for practice in the 

methods (Type 3). and encourage exploration of applications (Type 4). 

Applications of the Kolb Model 

Sharp has administered the Kolb Leaming Style Inventory to her technical 

communication classes and senior chernical engineenng laboratory course for the past six 

years [97]. She has found that teaching students about their learning styles help them 

l e m  the course material because they becorne aware of their thinking processes. More 

importantly, she believes, it helps them develop interpersonal skills that are critical to 

success in any professional career 

In 1989 the College of Engineering and Technology at Brigham Young 

University initiated a faculty-training program based on Kolb learning styles. About one- 

third of the engineenng faculty members. al1 volunteers, were trained in the concepts of 

the Kolb model and methods of teaching to each Kolb type. The volunteen implemented 

the approach in their courses, reviewed videotapes of their teaching, and discussed their 

successes and problems in focus groups. The benefits of the program were significant. 

Many faculty members redesigned their courses by using a variety of teaching methods 

such as group problem solving, brainstorming activities, design projects, and writing 

exercises in addition to formal lectunng 1981. 

3.3.3 Felder-Silveman Leaming Style Model 

The Felder-Silveman Learning Style Model was jointly developed by Felder and 

Silverman in the rnid-eighties [86]. This model classifies students as: 

- Sensina leamen (concrete. practical, oriented toward facts and procedures) or Intuitive 
leamers (conceptual. innovative, oriented toward theories and meanings) 

- Visual learners (prefer visual representations of presented material-pictures, diagrams. 



flow chms) or Verbal l e m e n  (prefer written and spoken explanations) 
- Inductive learnen (prefer presentations that proceed from the specific to the general) or 
Deductive learners (prefer presentations that go from the general to the specific) 

- Active leamers (learn by trying things out, working with others) or Reflective leamen 
(learn by thinking things through, working alone) 

- Sequential learners (linear. orderly, leam in small incremental steps) or Global leamers 
(holistic, systems thinkers, learn in large leaps) 

Felder [89] believes that for the past few decades, most engineering instruction 

has been heavily biased toward intuitive. verbal. deductive, reflective, and sequentid 

leamen. However. relatively few engineering students fa11 into al1 five of these 

categories. Therefore, according to his opinion, most engineering students receive an 

education that is mismatched to their learning styles. This apparently could hurt their 

performance and their attitudes toward their courses and toward engineering as a 

cumculum and career. He proposes the eight following strategies to the engineering 

educators to resolve such problems: 

1. Teach theoretical material by fint presenting phenornena and problems that relate to 
the theory (sensing, inductive, global). For example, don? jump directly into free-body 
diagrams and force balances on the first day of a statics course. First describe problems 
associated with the design of buildings, bridges, and artificial limbs. and perhaps give the 
students some of those problems and see how far they c m  go before they get al1 the tools 
for solving them. 
2. In every course, balance conceptual information (intuitive) with concrete information 
(sensing). For example, when covenng concepts of vapor-liquid equilibrium. explain 
Raoult's and Henry's Law calculations and non-ideal solution behavior. but also explain 
how these concepts relate to barometnc pressure and the manufacture of carbonated 
beverages. Make extensive use of sketches. plots, schematics, computer graphics, and 
physical demonstrations (visual) in addition to oral and written explanations and 
derivations (verbal) in lectures and readings. 
3. To illustrate an abstract concept or problem-solving algorithm. use at least one 
numerical example (sensing) to supplement the usual algebraic example (intuitive). 
4. Use physical analogies and demonstrations to illustrate the magnitudes of calculated 
quantities (sensing, global). For exarnple, tell your students to think of 100 microns as 
the thickness of a sheet of paper and to think of mole as a very large dozen molecules. 
5. Occasiondly give some experimental observations before presenting the general 
principle, and have the students (preferably working in groups) see how far they can get 
toward infemng the latter (inductive). For example, rather than giving the students 
Ohm's or Kirchoff's law up front and asking them to solve for an unknown, give them 
experimental voltage/current/resistance data for several circuits and let them t r ~  to figure 
out the laws for themselves. 
6. Provide the class time for students to think about the material being presented 
(reflective) and for active student participation (active). Occasionally pause during a 



lecture to allow time for thinking and formulating questions. Assign bnef group 
problern-solving exercises in class that require students to work in groups of three or 
four. 
7. Encourage or mandate cooperation on homework (every style category). Hundreds of 
research studies show that students who participate in cooperative learning experiences 
tend to eam better grades, display more enthusiasm for their chosen field, and improve 
their chances for graduation in that field relative to their counterparts in more traditional 
cornpetitive class settings. 
8. Demonstrate the logical flow of individual course topics (sequential), but also point out 
connections between the current material and other relevant material in the same course, 
in other courses in the sarne discipline, on other disciplines. and in everyday experience 
(global). 

A~pkations of the Felder-Silverman Mode1 

Felder has used the Felder-Silverrnan model in teaching five sequential chernical 

engineering courses in a way that would appeal to a range of learning styles. The results 

of his survey show a considerable improvement in the learning outcornes of his students 

~391. 

Woods and Tindal, both educators in mechanical engineering at the University of 

London (UK), have used the Felder-Silverman model in teaching a course with particular 

reference to thermo-fluids [99]. They have used a simple analytical approach in teaching 

a confusing issue in their course, estimating the effect of compression ratio and spark 

ignition timing on power output. The results of their study show that the confusion 

between themodynamic heat engines and intemal combustion engines is considerably 

reduced when different types of leaming and teaching styles are considered. 

Felder and Soloman have recently developed an Index of Leaming Styles (ILS) 

that classifies students on four of the five Felder-Silverrnan dimensions (al1 but 

inductive/deductive). The ILS is in a beta version. and some professors are already 

testing it with their students [100]. 

Rosati, a civil engineering professor at the University of Western Ontario. has 

used the ILS to assess the learning styles of engineering faculty memben and first-year 

and fourth-year engineering students at his university [IO1 1. Rosati found that faculty 

members wcre signi ficantl y more reflective. intuitive, and sequential than the students. 

The results suggest that professon could improve engineering instruction by increasing 

the use of methods oriented toward active leamers (participatory activities, tearn 



projects), sensing learnen (guided practice, real-world applications of fundamental 

matenal), and global learners (providing the big picture, showing connections to related 

matenal in other courses and to the students' experience). 

3.3.4 Hermann Brain Dominance instrument ( H m )  

The Hemnann Brain Dominance Instrument (HBDI) was developed by Hemnann in the 

late eighties [102]. This method classifies snidents in ternis of their relative preferences 

for thinking in four different modes based on the task-specialized functioning of the 

physical brain. The four modes or quadrants in this classification scheme are as follows: 

- Quadrant A (left brain, cerebral): LogicaI, analytical, quantitative, factual, and cntical 
- Quadrant B (left brain, limbic): Sequential, organized, planned. detailed, and stmctured 
- Quadrant C (nght brain, limbic): Exnotional, interpersonal, sensory, and symbolic 
- Quadrant D (nght brain, cerebral): Visual, holistic, and innovative 

According to Lumsdaine and Lumsdaine [ 1031: 

Engineering professors on the average are strongly Quadrant A dominant and would like 
their snidents to be that way as well. Most engineering instruction consequently focuses 
on left-brain Quadrant A analysis and Quadrant B methods and procedures associated 
with that analysis, neglecting imporiant skills associated with quadrant C (teamwork, 
communications) and quadrant D (creative problem solving, systems thinking, spthesis, 
and design). This imbalance is a disservice to al1 students, but particularly to the 20-4010 
of entering engineering snidents with strong preferences for C and D quadrant thinking. 

Applications of the Hemnann Brain Dominance Instrument 
Lumsdaine and Voitle studied the HBDI types of the college's students and faculty 

members in the early nineties [89]. They found that many engineering students and 

professors were left-brain thinkers - logical, analytical, verbal, and sequentiai. Their data 

also indicated a strong attrition rate among right-brain thinkers, with many of thern 

dropping out despite earning top grades in analytical courses. Based on their research, 

Lumsdaine and Voitle later claimed that a dominant reason for their choosing other 

majors is the inhospitable learning climate in engineering, which does not accommodate 

their thinking preferences, even though voices in industry are increasingly demanding 

engineers with precisely those thinking skills. 

They reviewed their existing mechanical engineering curriculum, found it skewed 

toward left-brained thinking skills, and set out to provide a better balance by introducing 

more creativity, design, innovation, and teamwork into selected courses. One course, 



"Introduction to Computing." originally consisted of 20 percent quadrant A activities 

(structured programming) and 80 percent quadrant B activities ("following the rules" in 

canned, routine programs). The redesigned version involved approximately 20 percent 

each for quadrants A and £3 and 30 percent each for quadrants C and D (student 

experiments, question formulation. design, rnodeling, and optimization). Students 

worked in teams fonned by the professon to provide balance in HBDI types. Student 

performance levels and attitudes to the course improved considerably because of these 

changes [103]. 

3.4 Summary 

The materiai presented in this chapter leads this research to three main ideas about 

different types of learners and the leaming process itself: 

- The idea of different levels of information processing is well established in the 

psychologicai, educational, and engineering psychology literature on human memory 

and information processing. Despite many approaches to the information processing, 

models of human memory are still based on a sequential information processing that 

consists of three distinct types of memory (sensory, short-term and long-tenn 

memory). 

- Five general approaches were studied for the typical developmental theories or 

models of student change in the univenity environment. Each of these models has 

their own advantages and disadvantages, while al1 focus on the same issue, namely 

the nature and processes of student change. 

- A family of other models, that more often are used in the field of engineering 

education, and their main emphasis are on distinctive, but relatively stable. 

differences among learnen are reviewed. These models categorize students into 

groups based on the characteristic differences in the ways they perceive the leming 

tasks and their environment. The models focus on learning styles (Kolb and Felder- 

Silveman), penonality (Myers-Briggs and Felder), or thinking preferences 

(Hemnann). The models have several characteristics in common: 



= The styles or preferences that characterize learnen of a given type and 

differentiate them from learnen of another type are believed to be relatively 

stable (although not unchanging) over tirne. 

= A learner may demonstrate characteristics indicative of other types within 

model, but that learner tends to think or l e m  in ways consistent with the 

distinctive characteristics or performances of the dominant type. 

= Type categories used in the models may describe areas of tendencies or 

preferences that leamers have in common. 

= These models generally do not explain the process of change or development in 

students and if change is treated at all, it is not central to the model. 



Chapter 4 

Towards Building the Model 

This research uses the system dynamics approach for building a model of the 

teachingfleaming process. System dynamics rneans exactly what its name implies. It is 

concerned with creating models or representations of real world systems and studying 

their dynamics or behavior. In particular, it is concemed with controlling and improving 

problematic system behavior. The main purpose in applying system dynamics is to 

facilitate understanding of the relationship between the behavior of a system over time 

and its undedying structure and strategies/policies/decision rules. 

In line with employing the system dynarnics approach for the purpose of this 

study, this chapter stans with an introductory look at this methodology. Then in a closer 

look, the following six steps that are involved in the system dynamics approach are 

discussed: 

- Defining the system of interest (e.g.. a teachingllearning system) 
- Constnicting the model 
- Simulating the model 
- Designing alternative policies for the model 
- Trying proposed policy changes 
- Implementing changes in the structure of the system or system re-engineering 

To start with the first step, a teachingfleaming system should be clearly defined 

and descnbed in its main components. Applying the first step of the system dynarnics to 

this snidy is the most difficult and challenging part of the research. The divenity of 

opinions, theories, viewpoints and ideas about the nature and characteristics of the 

teachingAearning system add up to the complexity of this matter. In other words, this 

inevitably requires a thorough analysis of the various aspects of the teaching/leaming 

processes that were reviewed in the literature search in the two previous chapters. 

The effort to define and map the teaching/leaming system on an acceptable 

engineering standard, coven almost the whole of this chapter and part of the next chapter. 



The analysis of the countless views about the teachingnearning processes would result in 

a solid classification of these viewpoints. Subsequently, a synthesis of the similarities 

within these ideas by a systematical approach. leads to the recognition of the two main 

building blocks in a student learning system. that is; the ability to leam and the desire tu 

leam. This. in retum, sets the stage for working out the details of each of these two 

building blocks. Two separate models will be proposed by this study for this reason. The 

first proposed model is a schematic representation of the mind of a leamer that depicts 

how a student takes in. processes. and retrieves each piece of information. The second 

proposed model, similarly, represents the details of the student motivation. 

Finally, at the end of this chapter. these two models will be combined in a single 

diagram. The result is an illustration of a preliminary unified theory that descnbes 

explicitly a typical teachingnearning process. 

4.1 System Dynamics: A Short Review 

4.1.1 An lntroductory Look at the Method 

There have k e n  numerous definitions for system dynamics. A definition that indicates 

the broad use of this approach is stated as follows [114]: 

System dynamics is a rigorous method for qualitative description. exploration and 
analysis of complex systems in terms of their processes. information. organizational 
boundaries and strategies that facilitates quantitative simulation modeling and analysis 
for the design of system structure and control. 

The dynamics or behavior. of systems can be studied at many differing degrees of 

mathematical sophistication. The methodology used in this research is centered on the 

i d w  of Forrester who created a subject area originally known as industrial dynamics, but 

now referred to as system dynamics [L 151. This creation was in response to the 

recognition that many problem-solving methods. particularly those linked to Operation 

Research/ Management Science. were not delivering their promise of providing insight 

and understanding into strategic problerns in complex systems [116]. 

The method is aimed at providing a distinctive set of easily usable tools which 

might be used by a system analyst centered on a very genenc set of building blocks 



which are universally applicable. The procedure is to observe and to identify problematic 

behavior of a system over time and to create a valid diagrammatic representation, or 

modei, of the system, capable of reproducing, by cornputer simulation, the existing 

system behavior, and of facilitating the design of improved system behavior. For 

exarnple, this might involve changing behavior from oscillations to stability or from poor 

performance to improved performance. 

During the early years of development of the method. applications were largely 

industrial [115]. Later the subject broadened and a number of global and other large- 

scale studies emerged [117]. During the late 1970s and 1980s, the scale of individual 

studies has been reduced. but the scope of application of the method has become 

extremely wide. covering most traditional academic disciplines of study, but with a 

strong emphasis on socio-economic areas [118, 1 191. The subject now has its 

international society and journal (the System Dynamics Review) and links between system 

dynarnics and other fields are rapidly being forged. 

In addition to the broadening of applications of the traditional method, a 

broadening of the method itself has emerged in recent years. In particuiar. there has been 

a move away from an obligatory use of quantified simulation models towards an 

increasing recognition of the relevance of the diagramming phase of the subject [120. 

1211. 

The holistic approach of system dynamics a h  has much in common with other 

cross disciplinary methods of industrial engineering and management, such as Business 

Policy and Total Quality Management [114]. Two charactenstics of system dynamics 

arising frorn its holistic view are worth mentioning here. The first is its ability to 

generate structures that can be transfened to create insights in other systerns. The second 

is its abiIity to help in identifying the counter-intuitive behavior of systems. ORen the 

implementation of new policies in systems results in unintentional side effects and system 

dynamics provides a means of helping to determine what these might be. 

4.1.2 A CIoser Look a t the Method 

Fig. 4.1 illustrates the system dynarnics steps from problem description to the 

improvement. Step one starts with the description or mapping of the system 161. It is the 



most important and the least straightforward of the stages in system analysis. In this step, 

the model of a real system should be described. A model is a theory of behavior. A 

model represents the way in which some part of the real system works. It requires taking 

various bits of information about the system in the real world and tuming them into a 

unified theory. 

Step 2 begins the formulation and construction of a simulation model. The 

systern description is translated and converted into the level and rate equations of a 

system dynamics model by providing the requisite parameten. As with every step, active 
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recycling occurs back to pnor steps. In this step, wxiting equations reveals gaps and 

inconsistencies that must be remedied in the prior description. 

Step 3, simulation of the model, will start after the equations of step 2 pass the 

logical cnteria of an operable model, such as al1 variables being defined, none being 

defined more than once, and consistent uni& of measures. System dynamics software 

packages provide such logical checks. Simulation may at first show unredistic behavior. 

As a result, simulation leads back to the problem description and to refinement of the 

equations. Step 3 should conform to an important element of good system dynamics 

prsfctice. That is, the simulation should show how the difficulty under consideration is 

being generated in the real system. Unlike methodologies that focus only on an ideal 



hiture condition for a system. system dynamics should reveal the way one anived at the 

present and then, in a later step, the path that leads to improvement. The first 

simulations, base runs. at step 3 will raise questions that cause repeated retums to steps 1 

and 2 until the model becomes adequate for the purpose under consideration. The point 

at this stage is that "adequacy" does not mean proof of "validity." There is no way to 

prove validity of a theory that purports to represent behavior in the red world. For 

instance, there is no proofs for any of the laws of physics. only practical confidence that 

the laws are useful within a bounded region [115]. One can achieve only a degree of 

confidence in a model that is a compromise between adequacy and the time and cost of 

fûrther improvement. The proper basis of cornparison lies between the simulation model 

and the model that would otherwise be used. That cornpetitive model is almost always 

the mental model in the heads of the people operating in the red system. A system 

dpamics model creates so much more clarity and unity, compared to pnor mental 

models, that the "adequacy" decision usually generates little controversy arnong real- 

world operators who are under time and budget pressures to achieve improved 

performance. 

Step 4 identifies policy alternatives for testing. Simulation tests determine which 

policies show the greatest promise. The alternatives may come from intuitive insights 

generated dunng the first three stages, from expenence of the analyst(s), from proposais 

by experts in the field, or by an exhaustive automatic testing of parameter changes. 

However, in more complex systerns, there will be many competing criteria for defining 

success. Also, there will be many peaks in the multidimensional behavior map so that the 

most favorable performance may depend on several simultaneous changes in the model. 

In addition, the best alternative behaviors will often come from changing the system 

structure. 

Step 5 works toward a consensus for implementation. In this step, proposed 

policy changes wilI be tried to the model to maintain or obtain sustainable improvement 

in performance while considering the feasibility of implementing these changes in its real 

world. Questions will arise that require repeated recycling through steps 1-5. 

Finally, step 6 implements the changes in policies and structure of the system. 

Difficulties at step 6 rnay arise mostly from deficiencies in one of the prior steps. If the 



mode1 is relevant and persuasive, and if what has been done in step 5 has been sufficient, 

then step 6 cm progress smoothly. Evduation of the policy changes cornes after 

implementation. Even with no evaluation at hand, the minimum benefit of system 

dynamics is the understanding of what is happening in the system. 

4.2 Defining a TeachingRearning System 

The different aspects of teaching and learning processes with specific focus on the issue 

of student learning have been reviewed in Chapter 2 and Chapter 3. In this section, the 

intent is to define, descnbe, and map a system for a teachingllearning process. This 

endeavor will be made in line with the fint step of the system dynamics approach. To 

define a solid system for a teachingllearning process and to specify the components and 

the boundaries of the system. an effort has to be made to classify al1 of these aspects in 

the fint place. The intent is to consider al1 of the different views on teachingllearning 

and categorize them so that a detail analysis could be performed. Then, by recognizing 

and integrating the most significant components, the stage will be ready for developing a 

unified theory. 

4.2.1 Classification of the Vie wpoints 

Fuhrmann and Grasha [los] have classified the different approaches of effective teaching 

as those based on persona1 viewpoints. quantitative approaches, and leaming theories. 

This study believes that the sarne classification can be applied to the various approaches 

to teaching and learning processes. That is, in generd, the different views on 

teachingllearning can be divided as those based on (1) personal viewpoints, (2) 

quantitative approaches, and (3) learning theories. A short description of each class is 

followed. 

(1) Personul Viewpoints represent those ideas that experts in the field of education and 

anyone else with an opinion have about teaching and learning issues. The literature 

search perfonned by this study. indicates that there are as many perspectives as there 

are people trying to define them. Such perspectives range from concems about 



student learning to lists of ideal traits that teachers and students must possess. The 

most stnking ideas in this group, as discussed in Chapter 2. are the Taxonomy of 

Educational Objectives developed by Bloorn 1421 and the studies made at Gothenburg 

University in Sweden by Marton [30], Saljo [3 11, Svensson [32] and others on 

qualitative differences in Iearning. 

This approach provides a nch and broad set of perspectives on the nature of 

teachinflearning processes. The disadvantage of this approach is the variety of ideas 

with no consensus that lead people to defend their point of view rather than accept 

alternative views. 

(2) The quantitative approach employs statistical methods for ranking the teachen and 

students. This approach assesses the extent to which teachers and students possess 

various characteristics that demonstrate the level of their effective teaching and 

learning respectively. In this view, students receive typical scores that rate them as 

below average, average. or above average on particular attributes. 

The most noticeable studies in this group are those carried out by prominent 

educators. mentioned in Chapter 2. like Feldman [17, 106, and 1071, Kulik 126 & 

1081, Marsh [2 11, Cashin [17 & 1091 and others. This approach appears to be 

objective. although such appearances are deceptive. Underl ying the numbers, are 

many different points of view about the important characteristics that teachers or 

students should possess. The disadvantage of this approach is that fixating on the 

measured characteristics prevents recognizing that learning situations differ. The 

advantage of having so-called objective data on learning from this approach is offset 

by these problems. 

(3) Lemning Theories often suggest classroom procedures and teacher behaviors that 

facilitate students' learning dong certain lines. As mentioned in Chapter 2, these 

theories are classified as behaviorist, humanistic, and cognitive views on learning. To 

analyze these theories, their main points are stated below: 

The behaviorist view of leaming sees student learning behaviors under the control 

of different stimuli in their environments. It emphasizes that effective 

teachingnearning is demonstrated when the teacher can define the course objectives 

and classrmm procedures (e.g.. pacing. reinforcement), specify student behavion 



needed to Iearn such objectives, and demonstrate that students have achieved the 

objectives afterward. 

The humanistic view suggests that learning is something that students must do for 

themselves. The teacher should be able to demonstrate such personal qualities that 

facilitate students' leaming. In this view, effective teachingnearning is demonstrated 

when students acquire the content that is relevant to their goals and needs, understand 

the thoughts and feeling of others better, and are able to recognize their feelings about 

the content. 

The cognitive view. on the other hand, sees the learner at the center stage. 

Learners are not simply passive recipients of information; they actively construct their 

own understanding. The teacher becomes a facilitator of leaming, rather than one 

who delivers information. From a cognitive view, teachers should use classroom 

procedures that are compatible with their students' cognitive characteristics. They 

have to organize and present information so that it promotes their students' problem 

solving and productive thinking [4 11. 

4.2.2 A Short Analysis 

Among al1 the ideas and theories classified in the previous section, cognitive theory 

adopts a much more comprehensive and realistic role for both students and teachers. This 

theory alerts leamers to that what they think they absorb, read, see, or l e m  from practice 

may not be what the teacher intends. Their understanding of al1 these things is strongly 

influenced by a number of variables such as: 

- their pnor knowledge 
- their interpretation of what is important 
- the frequency with which they test themselves 
- their understanding 
- their perspectives on how al1 these relates to future use 
- other variables 

This theory also emphasizes, whether learners realize it or not, and whether the) 

like it or not, that what they learn depends on the following three dimensions: 

- who they are (their penonaf traits, learning abilities, motivation and values) 
- where they have been (their prior knowledge and skill, their environment) 
- whot they do (the amount of tirne and effort that they intend to put into the task) 



Hence, in the cognitive view, effective learners should be aware of how their own 

bises and behaviors filter the information they receive. On the other hand, for the 

instmctor's role, the fint implication of shifting to a cognitive perspective is that neither 

the teacher nor the content is at the center of the leaming universe. Instmctors become 

facilitaton of learning [41]. What they say is not necessady what students receive. 

unless they are very deliberate about how it is presented. Their job becomes one of 

minimizing the noise in the transmission, so that al1 the learnen interpret their statements 

as close to what is rneant. and store information in their memory so that they can retneve 

it in the future. 

As was pointed out in Chapter 2 (section 3). the weakest point of the above 

approaches, and especidly of theories of leaming, is their inability to agree on an 

acceptable typology for teachingeaming. None of these viewpoints offer a taxonomy 

that make sense in modeling of a teaching and leaming process. The only taxonomy with 

some promise seems to be Bloom's Taxonomy [42] that divides learning skills and 

intellectual abilities into six major levels of acquisition of knowledge (memorizing): 

comprehension (understanding); application: analysis; synthesis; and evaluation. (Refer 

to Fig. 2.1) Bloom sees "memorizing" as the most common leaming ability and as a 

basic requirement (in acquinng any typical leaming task) for student's progress to the 

higher level - "understanding" 1421. On the contrary, the studies by Marton and his 

colleagues [30, 31, & 321 on lemers* qualitative differences do not consider such 

hierarchical order in levels of abilities. According to their studies, students are either 

surface learners or deep Iearners. Surface learners intend to "memorize" things with no 

attempt to think about their purposes and so, they are permanent residents of the fint 

level of Bloom's Taxonomy. Deep lemers, on the other hand, intend to "undentand" 

things by looking for clues to the organization and their purposes and so, they jump 

directly to the second level of Bloom's Taxonomy!. 

Granting the behaviorists, humanists, cognitivists and others, their theoretical and 

methodological differences. this research will be faced with a fundamental question as 

follows: 



What can this research borrow and reconcile for defning and building a solid mode1 for 

a teaching and learning process? 

The answer is almost clear: 

In theory, there are insights and viewpoints that are usefui, and in empirical research 

findings, there are some working generalizatim that are worth applying. 

Considering the research findings, each approach to the teachingneaming 

processes has a tremendous amount of empirical data to back it up. Disadvantages 

include the fact that in practice very few teachingnearning processes completely fit any 

one approach. Another disadvantage is the biases of educational researchers regarding 

their personal acceptance of the theories. This is a problem when an educator or a 

researcher who does not use these approaches in his or her teaching practice is in a 

position to judge or evaluate the performance of others who are practicing these theories. 

4.2.3 Distillation of the ldeas 

Despite the aforementioned problems, fortunately, the approaches to learning theories 

have at least one issue in comrnon. As discussed in Chapter 2, they assume that there are 

common ideal characteristics for effective teachers and learners. In fact. they provide 

lists of particular skills and abilities of a prototype of a good teacher and a good leamer. 

Interestingly. this is the information that is required to start this research. 

Table 4.1 is an effort to summarize and demonstrate dl of the common ided 

characteristics that have been assumed by learning theories and have been reported in the 

literature 11041. The learner and teacher's traits have been summarized in terms of their 

attitudes, skills, and resources. Asterisks have been used in the table to indicate the Ievel 

of both learners and teachers control over a factor. A single asterisk indicates a limited 

level of leamer and teacher control over a factor. Two astensks indicate a potentidly 

significant level of leamer and teacher control over a factor. No astensk indicates an 

insignificant potentiai influence of the learner and teacher. The attempt is to list the 

factors and roles in order of their importance to teaching and learning. 

On the other hand, al1 viewpoints, implicitly or explicitly, imply that both the 

objectives and the outcornes of a teachinfleming process c m  be distilled into the 

following three major, dominant dimensions: 



- Knowledge or conceptual learning 
- Competence or skills learning 
- Values or attitudes and beliefs. 

Table 4.1: Summum of the Leamer and Teacher 's Traits 

The Learner 

ATIITIJDES 
* Educational and life goals/values/pnorities 
**Perception of relevance 
**Interest in the subject 
* Anxiety, self-confidence 

RESOURCES 
* Achievement motivation 
* Intellectual matunty 
* Independence, responsibility 
* Work and study habit 
* Self-image 
* Background preparation - knowledge and skills 

Intelligence 
Aptitude 
Learning style 

The Teacher 

** Knowledge of subject matter 
** Knowledge of teaching and leaming theory 
** Knowtedge of instructional development theory, 

interactive learning, evaluation, etc. 

** Teaching skills 
** Personality characteristics 

** Attitudes and expectations 
a) ** Commitment to teaching 
b) ** Commitment to students and to learning 

** Advising skills 
** Values. motives, and goals 

Although there might be many variations to the above assumption, nevertheless. 

various characteristics suggested by both behaviorists [43] and cognitivists [41] could be 

boiled down in similar classifications. It would seem reasonable that neither conceptual 

learning nor skills learning is strictly behavioral or cognitive in fom and substance. 

However, no serious h m  is done if this research proposes the following: 

- Concepnial learning could be assumed as pnmarïly cognitive; 

- Skills learning could be assumed as mostly behavioral; 

- Values could be assumed mainly as humanistic. 



Moreover, mastery of a learning task could be a usehl way of identifying the 

outcornes of both conceptual learning and skills leaming. Of course. mastery in skills 

learning will be easier to specify because it would be more observable. However, the 

focus in this research will be mainly on the other two dimensions. that is: conceptual 

learning and values. 

In brief, aithough there are many differences in the way that different approaches 

view a teachinflearning process, there are also many similarities. The attempt to 

synthesize cognitive, behaviorist and humanistic concepts into a three-dimensional 

approach for a teaching'learning process is just an example effort to blend these 

approaches into a single perspective. Although, there are occasions when the similarities 

should be underscored and the differences should be highlighted. 

Another effort in this study was focused on reaching a common definition for the 

rate or degree of learning. Some theoretical generalizations that could be acknowledged 

as general principles of student leaming were blended. Among the most visible were the 

following: 

Degree of learning depends on the learning capacities or academic ability of the 

leamen. Learning capacity is part of the characteristic differences of learners. It 

could be defined as their aptitude, their perseverance. time they need to master the 

leaming task and their ability to acquire a meaningful insight. 

Degree of learning is related to the degree and quaiity of the learner's motivation. 

Degree and quality of learner motivation is part of the charactenstic differences of the 

learners. It includes the learner's personal attitudes, needs, goals, and interests. It 

dso includes al1 of the externd motivational factors. 

Degree of leaming is a function of the fearner's expectation for success or failure 

(learner's level of aspiration and the leamer experiences with success or failure). 

Degree of learning is related to the quality and style of teaching (conditions of 

practice, guidance, mode of presentation, feedback, and other teaching dimensions). 

Degree of 1earnir.g is a function of the nature and organization of the subject matter. 

Learning materials and tasks are more easily mastered when they are organized and 

have logically related parts or components. Also degree of learning could be 

reinforced on the similarities of leaming tasks. 



- Degree of learning is a function of the teaching conditions imposed on the learner. 

Teaching conditions could include those environmental factors that are merely related 

to instruction medium or situational or environmental variables that may be either 

direct or indirect in their influence on leaming outcomes. For instance, conditions 

affecting teachingflearning processes include those as simple as class size and those as 

complex as the various forms of reinforcement. 

Moreover, as stated in 2.2, the iiterature search revealed that with respect to 

aspects related to teachingnearning processes. there seems to be a consensus on some 

general items: 

- Teaching and learning are dual and complementary processes. 

- The process of leaming essentially includes cognitive. behavioral. and experimental 

dimensions or components. 

- In any attempt to define or to model a teaching/leaming system. the greater focus 

should be on the "learning side" rather than on the "teaching side." 
- A leaming process could be represented by a system of students who are interacting 

with the teaching method and subject matter variables. 

- Some student learning results from conceptual learning and some from other forms of 

organized experience or skill learning. 

4.3 Mapping of a TeachingRearning System 

The analysis of the different ideas on a teaching/learning process in the previous section, 

dictates the next step that might be taken. That is, the work toward developing a 

graphical model for a teachinaearning process could be started by focusing on the 

"student side" of the process. Fortunately, the main building blocks in the student 

learning side already have k e n  identified. Refemng to the student's traits rnentioned in 

Table 4.1. these building blocks could be translated as student "abilities to leam" and 

"desire to leam." In other words, the interaction of these two building blocks is the 

necessary condition for occurrence of a leaming process (Fig. 4.2). m i l e  it is noted that 

the sufficient condition will be the interaction of these blocks with the other sides of a 



teachinflearning process - "teaching" and "subject matter." With this conclusion, the 

research entes into a new stage, namely exarnining the following two relevant models: 

- The model of a learner's mind for investigating what is it that is leamed. 

- The model of student's motivation for realizing the student's intrinsic and extrinsic 

values and motives to learn. 
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Fi?. 4.2: A Sinide Mechanism for a Model of Srudent Learning 

4.3.1 The Model of Mind 

What goes on in the mind of the leamer? How is knowledge acquired, maintained, and 

retrieved? How can one understand the representation of knowledge within the human 

rnind? These are the first questions that are expected to be answered by examining and 

reviewing the model of mind [110]. Fortunately, the idea of different levels of 

information processing has been well established in the literature on hurnan memory and 

information processing. To understand the processes that learners use to take in and 

process information, this study employs a traditional model of human memory. As was 

discussed in Chapter 3 (section 3.1), the traditional mechanistic, three box rnodels are 

baseci on different levels of processing. These rnodels of human memory have generally 

described three major components namely, sensory receptor, short-terni memory (STM), 

and long-term memory (LTM). 



In reality, the human memory is best described as a continuum. ranging from 

short-tenn memory (STM) to long-term memory (LTM). As one moves along the 

memory continuum. he or she holds on to the new information for longer and longer 

periods and finds it easier to remember and use. In moving along the continuum, for 

instance, one can remember information about where his or her classes meet each 

semester. Much farther along the continuum is the important information that he or she 

wants to remember for a very long time. such as major principles in his or her field. 

As was discussed in Chapter 3. the sensory receptors act as the input devices for 

al1 information that passes through the STM and LTM memory. The STM is where one 

actively processes information and constmcts knowledge before it can be stored in LTM. 

LTM is the storage house of the memory system and has infinite capacity. LTM is 

divided into two s t o ~ n g  places for information as episodic and semantic. Episodic 

memory stores episodes of information or episodes of experience. Information can be 

held in store for longer periods by interna1 repetition. and, if repeated sufficiently often, it 

will become a permanent memory trace. Semantic memory, on the other hand, stores the 

kind of information that has already been reassessed and categorized in STM, and relates 

concepts and generates new ideas. As was mentioned in Chapter 2, Marton [30] in his 

striking findings has used these processes to define what would normally be called 

"surface level processing" (rote memorization) and "deep level processing" (meaningful 

learning) respectively. Understanding depends on a deep level of processing and 

elaboration while reproducing more likely involves repetition at a shallow level of 

processing with little use of elaboration. 

A type of knowledge that is crucial in retrieving information from the LTM is 

prior knowledge. The term prior loiowledge refers to the knowledge that learnen brhg CO 

a particular learning task. To be useful for information processing, knowledge must be 

organized and integrated in a meaningful way. Recalling and using what they already 

know about a subject area c m  help learners' minds add meaning to what they are trying 

to learn, as well as help them store related topics together. Relating new information to 

prior knowledge not only ai& immediate leaming but also helps move things from the 

foreground to LTM storage, so that it can be used in the future [113]. 



Fig. 4.3 is an effort by this research to combine the aforementioned concepts. It 

demonstrates how units of information enter the mind of a learner, pass through different 

stages, and can be treated (processed) in different ways and at different levels. 
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Fia. 4.3: The Model of Mind 

4.3.2 Models of Student Motivation 

As noted in chapter 3, there are many models of motivation that may be relevant to 

student learning. They basically Vary from behavioral to humanistic, to models based on 

various classes of thought in cognitive theory. This work takes a collective approach and 

looks at motivation in a way that gives answers to a fundamentai question: "What do 

diffeist  theories of motivation offer to a teaching-leaming system to enhance the process 

of student learning?" In other words, the main concern is why some students are more 

involved in class, better prepared for discussions, ask more questions, and, in generai, 

simply try harder than other students with equal or better ability. Before trying to answer 



these questions by developing a model, some assumptions, based on the literature review. 

need to be clarified, 

First, students c m  be motivated to greater involvement and higher achievement. 

Theoreticai perspectives have been translated into applied research to show that 

appropriate instructional behaviors and course structures will enhance students' 

motivation. 

Second, motivation concems three fundamental questions: 

- What onginates or initiates a student activity? 

- What causes a student to rnove toward a goal? 

- What causes a student to persist in stnving toward a goal? 

Theories of motivation have been concemed with one or al1 three questions. As 

Weiner suggests (Chapter 3). early research in motivation emphasized the first question, 

seeking to identify physiological influences such as instincts, appetite, and chemical 

control that seem far from college classroorns [53 & 601. 

Third, motivational theories tend to emphasize factors within individuals or 

factors in the environment. Factors within individuak are traits that students bring to the 

classroom, such as fear of failure and its accompanying anxiety or the strong need to 

achieve high grades and get into graduate school. Other theories are concerned with 

environmental factors, such as the manner in which lectures are given, the 

competitiveness of the grading system. or the rapport the teacher establishes with the 

students 1521. 

Fourth. while questions conceming motivation are simple, the answers are 

cornplex, involving a multitude of factors in both the students and the environment. 

Consequently, no one theory or perspective can be applied to every situation. Each one is 

insufficient by itself, and thus many theories must be considered simultaneously, in order 

to take action that will increase the students' involvement in learning. The model of 

student motivation that will be developed by this snidy is a heunstic one that helps 

organize these theories. 

Fifth, most theories of classroom motivation focus on needs or congnitions of 

snidents. Needs are deficiencies within students that can be influenced significantly from 



extemal sources. Cognitive theones, which main tain that thoughts and mental processes 

are crucial in determining motivation. currently dominate the motivational literature. 

Apart from the above discussion and as described in Chapter 2 and 3, a very 

important part of the studies of student learning carried out in Gothenburg University [30, 

3 1, & 321 was the demonstration of connections between students' approaches and the 

context of leaming. Marton has stressed that the approach to leaming should be seen as a 

charactenstic of the student. but also as a response to a situation. According to his 

empincal findings, the natural approach to learning seems to be a deep one [ 1 1 11. The 

most crucial variable in the student's approach to leming is the student's perception of 

what he is required to do. The effects of contrasting perceptions can be seen at more than 

one level [112]. For example, at the level of the Iearning task itself, perceived interest 

and relevance undoubtedly increase intrinsic motivation and make a deep approach more 

likely to occur. Learning tasks which are perceived as requiring only reproduction, or on 

which the student is mainly extrinsically motivated, increase the probability of a surface 

approach. Based on the same studies. the student's interest in the subject matter is a 

crucial component of a deep approach. especially in arts and social science subjects. 

while prior knowledge was most often mentioned in relation to science tasks [78]. 

The second level at which the effects of learning context operate is that of 

individual teachers. The attitudes and enthusiasm of the teacher, his or her concern for 

helping students to understand. and particularly his or her ability to understand the 

diff~culties experienced by students in dealing with a new topic, are al1 likely to affect 

students' approaches and attitudes to studying. The final level at which perceptions 

affect student learning is related to the ways that departments treat them. Among them. 

the most crucial influences on approaches to learning concem the forms of assessment. 

Unfortunately the most apparent effects are negative - students are pushed towards 

surface approaches by foms of assessment which seem to invite and reward, 

reproductive answen [ 1 1 31. 

4.3.3 A Proposed Mode/ of Student Motivation 

This study has developed a model to organize the most important influences of one's 

persona1 motivations on learning. The proposed model is based on the premises that 



students' motivation is heavily influenced by their thinking about what they perceive as 

important and what ihey believe they can accomplish. This mode1 of motivation suggests 

that two sets of factors - values (that represent the student's perception of the task value) 

and the extemal reinforcements (that represent the impact of  extemal motivational factors 

on these values) - are prirnary influences of motivation (Fig. 4.4). 

L 
Fin. 4.4: A Proposed Mode1 for Student Motivation 



The student's task value comprises a wide range of sub-values with each sub- 

value having its own weight on the student's attitude and willingness toward the learning 

task. Su&-values like interest in the subject (matter), interest in (future) use, and interest 

in gades/marks are the most known values of this kind in the literature. The other main 

sub-values also have been classified based on the persona1 judgement and considered 

according to their significance. For instance, the arnount of "pnde in future profession" is 

another value which a student sees in the learning task. This sub-value might originate 

either from the student's general feeling about the life of a role mode1 or from a social 

cornparison that he or she makes. Self-worth, security in future job, social obligation 

toward parents, friends, and society, choice of subject matter; whether it is a major or 

elective course. bandwagon effect, and association of the leaming task with something 

which the student likes are the other intemal perceived (sub-)values. 

A similar effort has been made for identifying the extemal reinforcement factors 

that have their own impact on the student's leming task values. They have been 

classified in seven categories, each with its own corresponding sub-categones. These 

external. factors Vary from parameters such as characteristics of the teaching system and 

the nature and quality of the subject matter, to interpersonal relations. The impact of 

environmental factors such as satisfaction with the institution or the attitude of others 

toward the student have been considered as weI1. 

Therefore, the mode1 proposed by this work (Fig. 4.4). first tries to recognize the 

student's primary values and then, identifies the extemal factors that promote student 

learning behavior. The interaction between these two categoxïes of parameters. and their 

sub-categories, determine the amount of effort that each student puts into his or her 

learning task at any given time. It should be noted that the subsequent progression of the 

motivation, that is; the effort students are willing to put into the task, results in the 

student's "expectancy." In fact, this stage connects the input side of the process to its 

output side which is the students' quantifiable outcomes (marks or grades of desire) at 

any time. 

Unfortunately. the research review indicates that not much research has integrated 

the various theories of motivation that suggest determinants of task values. It cm be 

concluded however, that students are likely to be motivated if they see value in what they 



are learning, if they receive positive reinforcement from the teaching system and their 

environment regarding the learning task, and if they believe that they are able to succeed 

with reasonable effort. When ail three of these factors are high. motivation will also be 

high. If students see little value in what they are learning or in the results of their effort. 

their motivation wil1 be lessened, even if they believe that they are capable of success. 

4.4 Towards A Unified Theory 

In line with the first step of the system dynamics methodology. the teachinuearning 

system must be described and a hypothesis (unified theory) must be generated. 

Fortunately, the stage is now ready to move towards describing the whole system. The 

proposed unified theory in this study, could be built based on the notion diat if students 

believe that they are able to succeed with reasonable effort (ability to leam) and if they 

see value in the learning task (motivation to learn). then a typical learning process will 

take place. These two building blocks namely ability to leam and level and desire 

(motivation) ro leam, undoubtedly play an important part in student performance. The 

relationship between these variables and student success in a subject is not necessarily 

direct or linear. However. it is to the interactions and clustering of the eIements of these 

building blocks that this research must look if wants to understand how students tackle 

particular learning tasks. 

On the other hand, the pnor analysis in the literature review and the information 

resulting from Fig. 4.3 and Fig. 4.4, have given this study a momentum to clairn that 

cxating a preliminary model for teaching-learning processes. at this stage. is feasible. In 

fact, this model could be built by combining models of the student's "abilities" and the 

student's "motivation." Fig. 4.5 cornes from Fig. 4.3 and Fig. 4.4 and demonstrates how 

these two major sets of components can be combined and simply interact with each other. 

The diagram consists of four main blocks. At the top-left is the block for external 

reinforcement factors. This block includes seven basic external reinforcement factors 

including different types of teaching systems, instructional materials and other 

parameters. The block for student's values is the next on the bottom left. This block is 



directly under the influence of the previous block and includes ten proposed sub-values as 

mentioned earlier. The block for the amount of effort that the student puts into the task is 

the subsequent block located in the center of the diagram. This block leads to the final 

Fia. 4.5: A Prouosed M a p ~ i n a  for a TeachindLearnin~ Process 

block for the student's outcome (arnount learned by the student). The last block is the 

product resulted from the combination of student's leaming abilities and desire. The 

stock of "abilities to leam," at any tirne, is influenced by the level of "pnor knowledge" 



and amount of "learning reinforcers" ("impact of learning reinforcers"). It should be 

noted that the adjustment feedback could return from "arnount learned" at any time. 

"Impact of learning reinforcers" represents the effect of the "external 

reinforcement" factors on the learning abilities of a student. The notion is to show how 

the extemal motivational factors may directly reinforce the process of knowledge 

acquisition as well as the "availability" of the acquired knowledge (output of the 

process). The impact of these factors are defined and detailed in accordance with the 

available statistical results from the studies in the literature. 

The box of "abilities to learn" simply represents that part of the system that deals 

with what happens in the mind of a typical student during an information processing 

operation. This part will be expanded later in Chapter 5 in a way that gives a better idea 

about different elements that are involved in the operation. 

Different types of leamen can be assumed but the focus will be mainly on two 

exverne types of students: Learners who intend to memorize and leamers who intend to 

meaningfully undentand. Again, this part demands more work and will be dealt with 

sufficientIy in the next chapter. 

The diagram itself is kind of a preliminary influence diagram. The impact of any 

"extemal reinforcement" factors on any of the student's values has a subsequent effect on 

the arnount of effort that a student puts into the learning task. This, consequently, 

influences the level of the desire to l e m .  In the mean time, the level of "prior 

knowledge" from one side. and the "impact of leaming reinforcers" from the other side 

build up the existing level of the student's abilities to Iearn and availability of the 

acquired knowledge respective1 y. 

Finally, the levels of both a student's learning abilities and a student's values 

determine the "arnount learned" by the student. Apparently it is a cause and effect 

mechanism that drives the teaching-learning process. Many feedback loops exist in the 

system, which have not been shown in the diagram for the sake of simplicity. Also, the 

impact of each extemal reinforcement factors on different student's values should have 

&en studied in both their local and global senses. This issue can be better examined in 

later steps when the mapping of the components and their interconnecting flows will be 

done with the help of the STELLA simulation software. 



Chapter 5 

On Minds of Learners: 
A Soft O W Systems Thinking Approach 

Before an attempt is made to construct a level and rate mode1 for the teachindearning 

process (in line with step 2 of the system dynarnics method). three crucial questions 

should be answered: 

(1) What are the types of minds that leamen possess? 

(2) What are the types of incoming information (from the information-issuing source) to 

the minds of learners? 

(3) How is each type of information accommodated by each type of mind? 

To answer the above questions. this chapter, first, introduces the method of 

investigation (soft OR and systems thinking). Second, it compares the three overlapping 

terms of "learning style." "learning ability," and "learning strategy," and through an 

analysis, selects the "learning style" as the main basis for this investigation. Third, the 

four major models of learning styles that have been already introduced in Chapter 3 are 

re-examined and two of them are chosen for this purpose. The result of the analysis gives 

a new momentum to the study as it ultimately supports this view that within the context 

of different learners. two distinct types of mind can be recognized. The core of the 

endeavor is based on the following steps: 

- Defining two distinctive types of learners as Type I and Type II learners by boiling 

down d l  those aspects in the literature survey that are related to the learnen' 

approaches to learning. 

- Developing a matrix to match the characteristics of the proposed Type 1 and Type II 

learnen with the characteristics of the similar types of leamers as deduced from the 

four striking approaches in the literature, e.g., Myers-Briggs Type Indicaton, Kolb's 

learning cycle, Marion's surface and deep leaming approach. and Bloom's 

Taxonomy . 



Judging the practical soundness of the proposed two types of learnen based on the 

researcher's own persona1 experience. 

Defining Type 1 leamers as form-oriented learners and Type II learners as function- 

oriented learners 

Defining two types of mind: fom minds and function minds 

Conceptualizing and introducing a new theory: Fonn-Function Theory of Types 

Validating the proposed theory 

Also, in a separate lengthy endeavor, this research attempts to recognize the 

different types of information and how each type of information is treated with each type 

of mind. A number of example short lectures in chemistry. aithmetic. and industrial 

engineering are used for this purpose. Each short lecture is divided into very simple, but 

rneaningful and inter-related. pieces of information. Leamers with different types of 

rninds are assumed to be presented with different types of incoming information. Each 

example case examines the way that each learner deals with each type of information. 

This adventure. in return. results in recognizing eight types of information and identifying 

seven types of learning abilities for each type of learner. 

A short lecture in the Introduction to industrial engineering course is worked out 

as an example case in this chapter. The learning objective of this short lecture is to 

introduce the issue of "productivity." The short lecture is divided into different stages, 

each of which includes a piece of information. The original knowledge of a form or a 

function learner as it is arranged in their minds. is defined. The lecture is presented, and 

the way they tackle different types of information in the lecture is descnbed. Lastly, their 

final knowledge, as it is arranged in their minds will be demonstrated. Contrasting the 

original knowledge and the final knowledge as it is arranged in the form and function 

minds leads this research to a new idea about the pattern of knowledge in different minds. 

5.1 Soft OR and Systems Thinking 

Soft operations research (soft OR) has evolved dunng the last several yean as a reaction 

against the inability of classical or "hard" operations research to deal with soft variables 



in social and non-physical systems. Practitionen of soft OR attribute ineffectiveness of 

hard OR to various causes [126]. They feel that fundamental difference between physical 

(quantitative) and non-physical (qualitative) systems prevent rigorous analysis. That is. 

the multiple criteria for desirable behavior, preveni specifying objective measures of 

system performance. 

Moreover. some soft OR experts believe that the ineffectiveness of hard OR arose 

from two aspects of operations research practice. First, hard OR dnfted into the adoption 

of inappropriate mathematical methods (linear planning, queuing theory, regression 

anaiysis. scheduling algorithms. and Monte Carlo simulation). These mathematical 

procedures are al1 essentially static artd linear in character and are not able to capture the 

dynamic nature of important processes in the real world. Second, hard OR became an 

academic discipline rather than a practical profession. In its academic setting, hard OR 

dnfted toward continued refinement of the very theories that kept it from engaging the 

real world [6] .  

Having given up the mathematical modeling part of hard OR. soft OR 

concentrates on defining the situation. resolving conflicting viewpoints, and coming to a 

consensus about future action [127]. As such, soft OR fundamentally could be imagined 

as a very helpful counterpart in any modeling process effort using the system dynamics 

method. In fact, one can see a close relation between system dynarnics, soft OR and 

systems thinking. (See 1.4 for systems thinking). Systems thinking and soft OR fit. 

dong with the conceptualization phase of system dynamic, into step 1 of Fig. 4.1. 

Actually, step I of Fig. 4.1 can be expanded as shown in Fig. 5.1. 

- - 

Step 1 of Fig. 4.1 (Steps of System Dynamics Approach) 

Description (Map~ina) of the TeachinqILearnina Svstem 

(1) Investigation 1 evaluation of case studies (research findings from Iiterature review) 

((2 Sçoft operations research 
(3) Systems thinking 
4 (4) System dynamics 

(5) Conceptualization phase 

Fin. 5.1: The modified Step 1 of Svsrem Dvnamics Merhod 
Çmicd fmm Forrester 161 



The fint three points in Fig. 5.1 (investigation. soft OR, and systems thinking) al1 

tend to be soft approaches. The soft procedures, although they employ various 

organizational and presentation techniques, still depend on discussion and intuition. By 

definition, the soft methodologies operate without a rigorous quantitative foundation. 

The soft OR literature does not reveal the counterpart of steps 2 and 3 in Fig. 4.1. There 

is no explicit language as at step 2 for revealing incompleteness and contradictions in the 

description of step 1. There is no generally accepted simulation process for testing the 

dynamic assertions. 

In other words. the conceptualization phase of system dynamics has much in 

common with the soft rnethodologies, but system dynarnics is disciplined by an 

organizing framework that leads to mode1 formulation and simulation. However. system 

dynamics shares al1 the steps within soft OR practice. and in addition inserts steps 2 and 

3. which gives an explicit and rigorous foundation that dispels much of the weakness 

inherent in soft OR. 

5.2 The Way Students Learn 

The primary intention in this section is twofold. First, to rnake a distinction between 

three overlapping tems that are used frequently in the literature, namely learning 

abilities, learning styles, and leaming strategies. Second, it is also important to contrat a 

number of learning styles that will provide this study with a solid ground for reaching a 

new perspective about the types of mind. 

5.2.1 A Closer Look a t Leaming Strategies and leaming Styles 

According to the literature search, the distinction between learning abilities, leaming 

styles and learning strategies are difficult to specify [14, 38, 122, 1231. As discussed in 

Chapter 2 and 3, most experts in the field emphasize that leaming styles are generalized 

and unconsciously acquired by the learner while learning abilities and strategies are 

deliberately acquired and adopted respectively. However, this research, like many 

experts, places "style" some where midway between "ability" and "strategy." (Fig. 5.2) 



C 
Learning Ability Learning Style tearning Strategy 

Fi-e 5.2: Learnina Stv[e: The ~osition 

More or less. it seems that leaming strategies and learning abilities are the 

operations of "organizing" and "processing9* of information respectively while learning 

styles are the consistent and stable manners in which leamers do so. The extent to which 

abilities and strategies are a function of style is. nevertheless, a matter of investigation. 

Anyway, it seems that learning styles are more relevant to learnen' perceptions of 

leaming and their personality rather than what they do for the leaming itself [45]. 

As discussed in Chapter 2.2. some expens view learning abilities (skills) and 

learning styles in terms of the conditions under which leming occurs, the content of 

what is leamed. and the dominant mode by which students learn. They see learning 

strategies as a variety of techniques that help learners to analyze the leaming task and 

understand the task better. Some researchers beiieve that if students know their learning 

styles, and if appropriate strategies are being taught to thern, it will reinforce their 

leaming abilities and facilitate their leaming process. Efforts to measure or assess 

leaming styles and leaming strategies have been made by many researchers. 

Unfominately for those educators who would use these techniques in their teaching, the 

technical advantage of such information is limited. The reliability of many of these 

scales is sri11 in question. This is because of their brevity and the fact that they are yet far 

away from the point of being validated empincally [38]. 

However, the literature survey indicates that there are many learning strategies but 

their effectiveness is an open question. McKeachie and his colleagues have adopted a 

rather general framework for al1 kinds of available strategies in the literature. They have 

grouped strategies into three broad categories: cognitive, metacognitive, and resource 

management [45]. The cognitive category includes strategies related to the students' 

leaming or encoding of material as well as strategies to facilitate retrieval of information. 

The metacognitive strategies involve strategies related to planning, regulating, 



monitoring, and modi fyi ng cognitive processes. The resource management strategies 

concern the students' strategies to control their resources (Le.. time. effort, outside 

support) that influence the quality and quantity of their involvement in the leaming task. 

When considering McKeachieT s grouping, it seems that those strategies that 

involve resource management are more effective for use in a mode1 of a teachingnearning 

process. In fact. items such as time. effort. and outside support are auxiliary variables 

that could be easily quantified or measured and used in the model. Moreover, since 

learning strategies are matters of deliberate adoption by learners. this research prefers to 

exclude hem from the "basic" model of the teachingllearning process. That is, these 

variables might be viewed as strategy or policy d e s  that would be employed to improve 

the basic process. Leaming styles. on the contrary. are part of the learners' personalities, 

and hence, should be included in the basic process. 

5.2.2 Leaming Styles: A Detailed Analysis 

Leaming styles have been defined in the literature in a number of ways, but basically 

refer to the preferred way an individual learns. processes information, and solves 

problems. Learning styles do not measure ability or intelligence, but the way an 

individual perceives situations. understands. processes. and leams information [123, 1241. 

Researchen and theorists have developed vanous models to describe the different ways 

that students leam. Accordingly, there are teaching and learning implications for each of 

the leaming styIes. 

The four most popular models of learning styles that have been used effectively in 

engineering education research were described in Chapter 3. In this section. a detailed 

analysis of these rnodels is made for the purpose of achieving a possible global definition 

for the different types of learners. 

The Myers-Brigp;s Type Indicator (MBTn 

As mentioned in Chapter 3, the Myers-Briggs Type Indicator (MBTI). shows the 

different ways learners prefer to receive information. (perception functions) and reach 

conclusions or make decisions (judgement functions). Within each of these functional 

anas are two preferences. In receiving information (perception function), one may prefer 

Sensing (S), or using the five senses, or altematively, one may prefer Intuition 0, 



involving insight and unconscious associations. In reaching conclusion (judgement 

functions). a leamer may prefer either Thinking (T), or Feeling (F), as a bais  for 

choosing or making decisions. 

An important point in MBTI is that type is presumed to be "dynamic" rather than 

"static." A leamer rnay use four functions at different times. Each Iearner. however, has 

a preference for using one or the other perception function and one or the other judgment 

function. The favorite function is called dominant and is either a perception process, or a 

judgment process. The dominant function is the unifying process in one's life. 

Also as pointed out in Chapter 3, the MBTI includes two additional dimensions, 

called attitudes or orientations 1681. These attitudes reflect which function is dominant 

and which auxiliary. as well as where they are used. The first attitude, Extraversion (E) 

or Introversion (0. describes the learner's focus of attention and source of energy toward 

the environment. This attitude could be whether outward. toward people. objects, and 

actions or inward, toward ideas and concepts. The second attihide. Judgrnent (J) or 

Perception (P), reflects the learner's preferences for interacting with the environment. A 

Judgement orientation is toward organizing. planning, and control of one's world. while a 

Perception orientation is toward openness. flexibility, and spontaneous reactions to 

events. Knowledge of a learner's preferences within each of the two functions 

(perception and judgement), as well as his or her preferences on the two-attitudinal 

dimensions. permits classification of that learner into one of sixteen types. These types 

have k e n  largely used for research purposes or in the design of academic programs [68]. 

Research based on application of the Myers-Briggs Type Indicator (MBTI) has 

indicated that engineering students (and engineering professors) are usually INTJ 

(Introverts/IntuitorsA'hinkers/Judgers) onented [101]. That is their style orientation is a 

combination of the following preferences: 

- focus on the inner world of ideas 
- focus on meaning and possibilities 

- tend to make decisions based on logic 

- seek closure even with incomplete data 

Worth mentioning is that according to the findings of the sarne studies, the ISTJ 

orienteci leamers (Introverts/SensorsA'hinkers/Judgers) rely too heavil y on rnemorization. 



The Koib's Learninn Style Mode1 

The core of the Koib's model is a simple description of the learning cycle - of how 

experience is translated into concepts. which, in turn, are used as guides in the choice of 

new experiences. This model classifies students as having a preference for how they take 

information in (the way students perceive information) or how they intemalize 

information (the way they process information). 

As mentioned in Chapter 3, teaching the learning objectives in order creates what 

Kolb calls the "learning cycle." which is a pattern for learning new concepts. The cycle 

begins with the question "Wh y?"(divergers) and progresses to "What ?"(assimilators), 

"How?"(convergers), and then "What If?"(accommodators). Kolb believes that this 

progression forms a natural cycle of leaming [94] (Fig.5.3). 

On the other hand, according to Kolb's model, learning involves a cycle of four 

processes, each of which must be present for learning to occur most compietely. The 

cycle begins with the learner's personal involvement in a specific experience. The 

learner reflects on this experience from many viewpoints, seeking to find its meaning. 

Out of this reflection the Iearner draws logical conclusions (abstract conceptualization) 

and may add to his or her own conclusions the theoretical constmcts of others. These 

concIusions and constructs guide decisions and actions (active expenmentation) that lead 

to new concrete experience. 

Research based on the application of this method on testing of undergraduate 

engineering students at several universities in the United States (University of Texas, 

Oregon State, Brigham Young, Vanderbilt) have shown that there are about [89]: 

- IO% Why-oriented learners, 

- 40% What-oriented leamers, 

- 30% How-oriented learners, and 

- 20% What If-oriented leamers 

in engineering student population. This means that about three-fourth of engineering 

students prefer What and How-oriented leaming styles. 

Fig. 5.3 is an effort by this research to demonstrates the Kolb's four different 

leaming orientations that were discussed above. Note that this diagram is a different 



version of Fig. 3.7 and includes complementary information. It seems that Thinkers 

(rniddle bottom) and Doen (left end) from one side, and Feelen (middle top) and 

Watchers (right end) from the other side, have some similarities in their Ieaming 

approaches to the different leaming tasks. 

Iearn well 
throug h: 

simulations. 
case study. 
laboratory, 
field work. 

projects. and 
homework 

education. medicine 

laboratories. observations, 
primary text reading. 

simulation/games. field work 
trigger films. readings. and 

CONCRETE EXPERIENCE arts, social sciences 

(Feelers) 

t 

engineering 

ACCOMMODATORS 
WHAT IF? 

ACTIVE 
EXPERIMENTAT ION 4 

(Doers) 
ÇONVERGFRS 

HOW? 

ABSTRACT CONCEPTUALIZATION 

PIVERGERS 
WHY? 

REFLECTIVE 

OBSERVATION 
) (Watchers) 

ASSIMILATORS 

WHAT? 

learn wel1 through: 
logs. 

lournals. 
discussion. 

bramstorrning. 
thought questions. 
rhetorical questions 

math. physics. chemistry 

(Thinkers) 

through: 
lectures, papers, 

model building projects 

Fie. 5.3: Kolb 's Leurninn Cvcle 
Ado~ted and Modified frorn McCmhv 1941 and S h m .  et al. 1961 

Feider-Silverrnan Learninn Style Mode1 

As descnbed in Chapter 3, this model divides learnen into those who are 

- sensors (practical) or intuitive (conceptual) learners, 

- visual or verbal (or written) learners, 

- inductive or deductive Iearners, 

- active or refiective learners, and 

- sequential or global leamers. 

Research based on the application of this model has suggested that, most 

engineering teaching has been heavily biased toward intuitive, verbal, deductive, 



nflective, and sequential leamers [89]. That is, the teaching style that has been used 

matched well with a combination of the following learning orientations respectively: 

- conceptual. innovative, oriented toward theories and rneanings 

- written and spoken explanation 

- presentations that go from the general to the specific 

- l e m  by thinking things through. working alone 

- linear, orderly, leam in small incremental steps 

However, relatively few engineering students faIl into al1 five of these categories. 

Thus according to the same studies, most engineenng students receive an education that 

is mismatched to their leaming styles. 

Hemnann Brain Dominance Instrument (HBDQ 

As descnbed in Chapter 3, this method classifies learners in terms of their relative 

preferences for thinking in four different modes based on the task-specialized functioning 

of the physical brain. The four modes in this classification scherne are as follows: 

- cerebral left brain thinkers (logical. analytical. quantitative. factual. and critical) 

- limbic left brain thinkers (sequential. organized, planned, detailed, and stmctured) 

- limbic right brain thinkers (emotional, interpersonal. sensory, and symbolic) 

- cerebral right brain thinkers (visual. holistic, and innovative). 

Research findings based on the application of HBDI have suggested that, most 

engineering teaching focuses on left-brain (cerebral) analysis and left-brain (limbic) 

methods and procedures associated with that anal ysis. Research findings also have 

indicated that: 

- 20% to 40% of entering engineenng students are with strong preferences for 

right-brain (limbic) thinking 

- 20% to 404 of entering engineering students are with strong preferences for 

right-brain (cerebral) thinking 

It should be noted that while the former group of students are sensory and 

interpersonal mode learners who like teamwork and communications, the latter group are 

those learnea that prefer creative problem solving, systems thinking, synthesis, and 

design. 



5.2.3 Towards Defining Two Types of Leamer 

The analysis of the four learning styles in the previous section has made the stage ready 

for this research to conceptuaiize a new mode1 for the types of learner. Fig. 5.4 is  a 

starting point for this purpose. It is an effort by this study io summarize and contrast the 

main charactenstics of the fore-mentioned models in a single diagrarn. The four models 

have been placed intentionally in a chronological order. Both the Myers-Briggs Type 

Indicator and the Kolb's learning style mode1 have influenced significantly the extent of 

knowledge and Pace of progress of later research on the leamer's characteristics. 

As noted earlier, al1 of these models have a cornmon orientation to the learner. 
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They emphasize "distinctive" and "stable" differences arnong leamers. Typically. the y 

are a good way to understand differences among learnen and to illuminate why students 

respond differently to their leaming tasks. Nevertheless. there exist. more or less, some 

differences in their approaches to student leaming. For instance, MBTI has basically a 

personality-oriented perspective to the leamers. Kolb's leaming cycle is purely a 

leaming style model. Felder-Silverman might be considered similar to MBTI in the way 

that it divides the different types of leamer. HBDI highlights a higher level of processes 

and deals with the thinking preferences of the leamers. 

On the other hand. judged by the number and qudity of research applications 

arnong these four methods. the Myers-B riggs Type Indicator (MBTI) and Kolb's leming 

style model seem most promising. S peciall y, when taking into consideration the specific 

approach of each model (MBTI in personality and Kolb in learning style), if this study 

accommodates the cornbined ernpirical results of these two methods, it  might corne up 

with a proposed model that is more defensible. However. the general interpretation of 

this research from the types of learner descnbed in the Felder-Silverman learning style is 

similar to those given by MBTI. Furthemore, since the focus of this study is on 

441eaming" rather than "thinking." the HBDI classification will not be considered in the 

following synthesis. 

However. to develop a proposed model for the different types of learner, this 

study employs the sirnilarities that exist in the types of learner in both MBTI and Kolb's 

model. Table 5.1 illustrates how two distinct types of students (Type 1 learners and Type 

II learners) could be conceptualized and developed by cornparhg the identical learnen' 

characteristics found in both MBTI and Kolb's models from one side and those from the 

suiking studies made by Marton and his colleagues 130 - 321, and Bloom [42] from the 

other side. Worth mentioning is that these four approaches to the types of learner, from 

the literature of education and learning psychology are the most relevant to the theme of 

this research, 

As shown in Table 5.1. Type 1 learnen could be defined as those learners whose 

learning characteristics match with Sensing (S) type learners in MBTI, the combination 

of Feelers and Watchers (combination of Reflective Observers and Concrete 

Expenencers respectively) in Kolb's model, surface type students in Marton's view, and 



students with lower order of leaming skills in Bloom's Taxonomy. Similarly, Type II 

learnen could be defined as those leamers whose learning traits match with Intuition (N) 

type learners in MBTI, or the combination of Thinkers and Doers (combination of 

Table 5.1 : Inrroducina Two Types  of Leamers 

Dimension 

Personaiity: 

MBTI 

Leaming 
Style: 

KOLB 

S type studcnts: 
- like stcpby-stcp inswction 
- like lots of numerical examples 
- attaition to detail 
- m d  the topic more cvcfully for 
demils 

- uy to picnirc problcrn 
- when prirsented with a test problcrn. 
try to rccognirc it  ;is an exactly 
sirnilu problem h i  have previously 
soIved 

CURO (Feclcr/Watcher) type 
studenu: 
- like lcvning by primary text reading 
and observations 

- necd to find m o n  (s) why the task 
is important 

- callcd divergers because thcy sce 
things from diffcrent perspectives 
and evily gcnemte ideas 

- if too divergent. they c m  be 
pmlyzed by alternatives and unable 
to nuke decisions 

- if Iess divergent. hey find it hard to 
genemtc ideu 

- exccl at bminstoming 
- not ;i&ptablc to change 

Surface appmxh typc: 
- intcnds ro memonte those p ~ t s  of 
infomtion that they considcr to be 
important 

- guide by the type of questions 
mucipie k i n g  asked subsequently. 

- rnainly have a rcproduccive or rote 
l m i n g  conccpt of snidy 

- consider levning as cquated with 
"commirting to mcmory" 

- sec value of learning in a 
quantitative sense 

p o s ~ s s  lowcr order of inullectual 
abilities (more knowlcdge or 
memorizing and lcss comprchcnsion 
or understanding) 

Type 1 cnginecr: 
- cm employ cquations that have 
studied in school, or cyi be found in 
texiboob and h;uidbooks, to 
wlcuhu various design values 

Type I l  Learner 

N type studenrs: 
- likc theortrical pnnciples followed by 
examples and application 

- tend to skim the matcrial 
- hook the topic into the ovcrall contcxt of 
h c  subject 

- like to p p  the overall concept and 
global id- fini 

AUAE (Thinker/Doer) type srudcnts: 
- do not like much lecturing - likc Icming by logicd rindysis 
- act on understanding of a situation 
- have practid appmûch for whrit d l y  

work 
- ability to gct rhings donc 
- willingncss to take risk 
- abiltty to makt quick decisions 
- good at dcfininp and solving pmblems 
- good at making dctisions 
- if too convergent. thcy rnriy solve the 
wrong pmblems and rndie wrong 
decisions 

- if less convergent, bey m y  have 
scattercd thoughts and lack focus 

Decp appmach type: 
- extnct mcaning frorn whrit they m d  
- intenct actively wiih the argument 
- d a t e  genenl pnnciples IO their cumnt 
stock of i d w  

- try to srr to whrit extcnt the cvidencc 
prcscnted jusUfies rhc sutement. - sec vdue of levning in a qualitative 
sense 

p o s ~ s s  highcr order of intellectual 
abilitia (application. mlysis of meaning. 
synthcsis, and evduation) 

Type II enginar: - have a gr;isp on pmblcms and how 
things hang togethcr 

- know what theorytequations are 
qpmpriatc in Vyious situations. and 
know Iimitations of c q ~ t i o n s  

- C Y ~  direct others to solve a wide mgc 
of usud Y well as new and unusuai 
problems 

- The NIS and BI iue the rnost signifrcmt 
qui$tics for leuning styles. N/S is 
p~ucularly the most. 

- most of engineering studcnts arc LNTJ 
- ISTJ nly tw havily on mrnorization 
- engineering program snracts 1-TJ t y p a  

- studcnts grjduating in four yevs are 
signi ficantly more INTJ 

- E-FP types yc Iess succcssful 

- dthough an orderiy progression of the 
cycle is hdpful. r c s e ~ c h  indicatcs that 
using vvious activitits frorn =ch 
lcarning style pccfertncc is beneficial to 
dl lemcrs. wheiher the activitics are in 
scquaitial ordcr or not. 

- qudities are grouped in thinkenl 
and watcherslfulcrs 

- th=-fourth of engrnering r t u d e n ~  are. 
more or less. chinkers/doen 

- rcfer to 21.5: The move frorn traching to 
levning [30 - 321 

Assumption: a thought of the h m :  
Typc 1 and Typc II studcnts have becn 
gnduaud and now am working as design 
enginccrs in XYZ Company. 



Abs~act  Conceptualizers and Active Experimenters respectively) in Kolb's model. deep 

type students in Marton's view. and students with higher order of learning skills in 

Bloom's Taxonom y. Obviousl y, the total1 y di fferent approaches of each of these leamers 

to the process of learning originate from their own totally different characteristics. Type 

1 learnen seern to be method-paced individuals who are generally interested in following 

pre-defined guidelines. On the other hand, Type 11 learnen seem to be innovative 

individuals who are generally interested to create new methods and procedures. 

The different characteristics of the above discovered learners have been further 

examined in a practical point of view based on the researcher's own industrial 

experience. The personal judgement ( k t  row in Table 5.1) indicates the researcher's 

perception about two engineers with totally different approaches to decision-making and 

problem-solving at work. In fact. the prob1em-solving characteristics of the two different 

engineers represent the projection of their past leaming characteristics into the future. As 

the table shows. the forecasting resuits are entirely consistent with the two proposed types 

of leamer. 

5.2.4 Types of Mind: A Proposed Theory 

Before discussing different types of mind within the context of types of learner, some 

elaboration on the study that resulted in the above proposed Type 1 and Type II learners 

seems necessary. This study was in parallel with the effort of collecting the significant 

information about the learn ing characteristics of the various learnen from the li terature. 

Interestingly. the collected information showed a natural tendency for fitting roughly into 

the two emerging types of learner. A11 of the collected leaming charactenstics were 

grouped with no difficulty (based on their similarities) into two different types of 

learners. Interestingly, it was found that the characteristics of each types of learner fit 

well with ones of the above-proposed Type 1 and Type II learners. This information has 

been refined and boiled down to the following charactenstics for the Type I and Type II 

lemers respective1 y: 

Characteristics of Type 1 Leamers 

- rely almost exclusively on a surface approach 

- are extemal towards the information and its requirernents 



intend to keep information for a limited period to satisfy the extemal demand 

are guided by the type of questions they anticipate being asked subsequently 

concentrate on aggregating the parts wi thout interrelating or integrating them 

thelr retrieval from the memory depend on the accuracy of a coding process which 

determines where information will be stored and expected to be found 

their long-term mernories (LTM) contain a data base of records of information tied 

together within inter-connecting systems 

store episodes of information in episodic memory 

hold the information for a longer period in episodic LTM by repetition and convert it 

to a permanent memory trace by sufficient repeiition 

reproduce the required information with little use of elaboration 

Characteristics of Tvpe II Learners 

- adopt a deep level approach to the information 

- are mostly intemal to the content of the information 
- usually look for meaning and likely are interested in the information itself 

- focus on relationships and procedures 

- actively interact with the information (relate it to the previous knowledge and their 

own experience and develop linkage between them - elaboration) 

- integrate the main parts into a stmctured whofe 

- store and relate concepts 

(Note: concepts are built up by repeated cornparisons of incoming information with 

pre-existing concepts or linkages between images) 

- reassess and categorize each piece of information in short-term memory (STM) 

before being passed to sernantic LTM 
- their LTM contains a data base of concepts tied together within intertonnecting 

systems 

Summing up and taking into consideration the above characteristics and the 

previous analysis about the learning traits of the Type 1 and Type II lemers, this research 

Ends itself at a position that can shape a new theory for the different trpes of leamers. Of 

course. this theory should have such power and capacity that gi.. 2s clear answers to both 



questions of "what are the types of minds that Type 1 and Type II leamers possess?" and 

"how does each type of leamer take in and process the information?" 

In fact. this research, during different stages in conceptudizing a solid theory for 

the two types of minds, has corne up with various views. In the beginning stages, Type I 

and Type II learners. though not defined so extensively as above, were considered as 

"rote-type" and "deep-type" leamers respectively. Rote-type learners were seen as 

individuals that had a dominant string-type rnemory. That is, they hang information ont0 

hooks and had the ability to create large strings of hooks. Deep-type learners. on the 

other hand, were seemed to be individuals that had dominant associative memory. They 

associated new information wirh previous knowledge and developed new relationships. 

Later, upon more investigation on the mechanism of a Iearning process, this 

research re-defined two types of leamer as "rnemonzers" and "relators." Mernorizers 

were described as the type of leaners who memorize episodes of information as "things." 

"relationships." and "procedures." They use pre-memonzed methods in mernorizing and 

retrieving a11 kinds of information. Relators, on the other hand, were described as the 

type of learners who use relationships to memorize things. relationships and procedures 

in their semantic memory. To retrieve information, they employ their methods to reach 

to the relationships among "things" and from the relationships to the "things," 

themselves. 

Final1 y, the latest investigation into the charactenstics of the different minds, has 

led this study to a new stage. In other words, examining and debating various cases, have 

given this research a solid ground to suggest the following: 

a Type 1 Learners rnight be known as ~ o n n '  type learners who possess fonn- 

oriented minds . 

' Form-oriented leamers view learning tasks as their forms and their outside 

appearances. In general, they see things in the way they look and not in the way 

they work. They are primarily memory-type learners and are oriented toward 

w h t  and how many type questions. Their minds hang al1 types of in-going 

information (things, relationships, and procedures) ont0 hooks without active 

thought. In other words, in a form mind. things, relationships, and procedures. 



once defined, al1 become fom.  Fom learners employ learned procedures to use 

the relationships and things on the hooks or episodes of information. In their 

worldview, a knowledgeable student is someone with a good store of memorized 

information and a ready recall system. 

O Type II Leamers might be known as Function" type learners who possess 

function-oriented minds. 

a. 

Function-onented students are primmily relationship-type students and are 

oriented toward why and how type questions. They view learning tasks in their 

functions and in their reasons for being used. In general. they look at things in the 

way they work and not in they way they appear. Function-oriented students see 

learning experiments as methods and procedures that determine relationships that. 

subsequently, determine parts or things. Their minds create methods and 

procedures as possible on a continuing bais. In their worldview. a 

knowledgeable student is someone with insight and the rneans CO solve new 

problems. 

The above definitions for the form type and function type leamers (minds) could 

be solidified and expressed in a general theory as shown in the following box: 

THE FORM-FUNCTZON 
THEORY OF TYPES 

The Form-Function theory of types suggests tlurl individuulls, in general, 
possess huo diflerent types of mind. Tltey eüherpossess a form-oriented mind 
or a jbnction-orienfed mind Fonn-oriented minds view the incorning 
in formation as rehted to its outside uppearance (fonns), while function- 
oriented minds inferpret incoming information as related (cause-effect 
relàîionship) to its inside organizations Cfunctions). 

Apparently, the difference between the form and function ability is the ability to 

memorize in the "fOrmy' case and the ability to see the logic of a relationship in the 

'Kinction" case. Such a statement by this study, implicitly induces a new and challenging 

notion about the different types of mind in the way they take and process information. 



As a disclaimer. it is wonh mentioning that, what this study is chasing in this 

research is the two extreme types of learners. In fact, the proposed form and function 

learners represent the two opposite poles of a learning continuum. Obviously there will 

be numerous learners in-between with a different combination of form and function 

characteristics. 

Table 5.2 is an exclusive effort by this research to demonstrate the interna1 

structure of a form type versus a function type mind. 

Ttrblc 3.2: Fornr Twe Mind vs. Funcrion Type Mind 

I FORM TYPE I FUNCTION TYPE I 

l Memorize forms easily I From forms, work to find background functions 

Interna1 Structure 

1 compare foms 1 Mernorize most found functions I 

Internai Structure 

1 Perform procedures 1 Mernorize most foms around found functions I 

It is noteworthy that the creative or investigative effort by a leamer to find new 

relationships may have nothing directly to do with form and function but relates to a 

separate creative ability. Also. i t  may be reasonable to suggest that most function 

students will see the logically, directly-related relationships and procedures wiihout the 

relation or procedure being described in the course. A simple exarnple is the ability of a 

leamer with a function mind to count down once the ability to count up is understood. 

Note: If a form is memorized and ri conflicting form - 
is presented. both msy b e  rnemorized. The 
two memorized forms will conflict with each 
other for dominance. or either might be 

5.2.5 Validating the Form-Fonction Theory 

Probably, the most effective way to check the validity of the proposed theory is to see 

whether or not it is consistent with the renowned approaches of the knowledge 

acquisition in the literature. As discussed in Chapter 2, generally, there are two basic 

theories of knowledge acquisition, absorption theory and cognitive theory. Absorption 

theory views knowledge as a collection of facts (associations) that are leamed by means 

Perforrn procedures 



of rnemorization. This theory suggests that the knowledge expansion is an accumulation 

process that basically increases the number of associations. Cognitive theory, on the 

other hand, views knowledge as structures that are organized by relationships. 

Meaningful understanding occurs by active construction (assimilation or integration) of 

structures. This theory suggests that the knowledge acquisition involves more than 

accumulating information and it  is a change in the thinking pattern of the learner. 

By reviewing carefully these two approaches and comparing them with the 

characteristics of a form and function learner, an interesting fact is uncovered. The way 

the form-oriented mind approaches leaming fits exactly the absorption theory while the 

way the function-orienred mind approaches leaming fits very well with the cognitive 

theory. To the greater enjoyment of the researcher. this study, by using its proposed 

Form-Function Theory of Types. claims that proponents of the absorption theory are 

most likely form type individuals and proponents of cognitive theory are rnost likely 

function type individuals! Any fair judgement by the reader on this comprehensive 

conclusion. gives no doiibt to the validation of this proposed theory. 

5.3 Investigating the Mechanisrn of a Learning Process 

In the previous section, this research study came up with a theory on two types of minds 

that learners possess. Now, the two rernaining questions are "what are the types of 

incoming information" and "how is each type of information treated with each type of 

mind?" In fact. i n  an engineering perspective. what is the mechanism of a leaming 

system and what does one mean when he or she says something has ken learned? 

Actually, these two questions have challenged this research from the beginning. 

As mentioned earlier. the proposed form-function theory is the result of a systematic 

investigation over a long time (almost three and half years of continuous study). The 

conceptualization of this theory should not be seen as an isolated endeavor. The 

development of the theory was based on a "cause-and-effect" mle. In fact, the findings in 

one front caused new effects on the other fronts and vice versa. Accordingly. the answers 

to the above questions have not been the same at the different stages of the study. 



Therefore. to give a better picture about how the answen to the subject questions took 

their final shape. the situation at three penods: earlier. intenm. and later stages of the 

study will be briefly discussed. Each period took roughly one year. 

5.3.1 The Earlier Approach 

The research focused on two (extreme) types of learners: one with a strong string 

memory and the other with ti strong associative mernory. The former took the incoming 

episodes of information and hung them as "hooks of information" in his or her mind. 

This type of leamer had the ability to generate many hooks and make strings of 

information with no difficulty. The latter took the incoming information and associated 

hem with his or her previous ideas or concepts. This type of leamer had the ability to 

generate many associations and link them together with no difficulty. Both learners had a 

comparative engine as well. This memory engine kept hooks and associations and 

checked for some parts that fit the hooks, sets of niles. mathematical relations, and so on. 

Preliminary efforts started by performing some experiments with the help of a 

number of theoretical short lecture cases from different courses in engineering. Each 

short lecture had to hwe at least one pre-defined leaming objective and had to be as the 

part of a complete clans lecture. The primary intent was to concentrate mainly on the 

short lectures from the fil-st year engineering courses. For this purpose, a number of short 

lectures from the beginning chapters of the Introductory Chemistry text, taught to the first 

year engineering students i n  the University of Manitoba, were chosen. The short lectures 

dealt with the formulation and application of the different gas laws. Each short lecture 

was broken down into 15 to 30 steps and each step included a small piece of information 

that could perform a rnean ingful statement. 

To master each leaming objective, students had to have some background 

knowledge of chemistry as well as mathematics, physics, and other types of basic 

knowledge. Therefore. the level and the content of the starting knowledge for each type 

of mind was defined clearl y and categorically. Al1 pieces of information within every 

shon lecture were analyzed and examined for their sequence, integrity and difficulty. In 

the mean time, an effort was made to identify the different types of information within 



the short subject lectures. At this stage. the types of information were classified into 

three traditional groups as follows: 

- Rote-memory-type in format ion 

- Closed-problem sol ving 

- Open problem solving 

Knowing the type of each piece of information, each learner was theoretically 

presented a shon lecture. The way that each type of student takes in. examines. 

evaluates. and processes each piece of incoming information was guessed at the end of 

each step. Based on the available knowledge at this stage. the study came up with three 

types of leaming abilities for the student as below: 

- Ability to create a linear string. 

- Ability to make wailable immediately. a set of hooks of information to hang the 

information on. 

- Ability to start probkm-solving immediately or to work in the background. 

(Associative engine drives the brain and works in the background. It could be weak 

or strong.) 

At this stage. the information processing was assumed to be based on the 

traditional approach. That is. after obtaining each piece of information, learnen would 

assess it, categorize ir. code it. and then. depending on the situation and the learner. 

generate a new hoob or association or extend an already-existing hook or association in 

their memory. The main difference among the two types of l emer  was the way in which 

their string memory and associative rnemory functioned respectively. This approach had 

iü own weak points. but enabled this research to start investigating the uncharted area. 

5.3.2 The lnterim Approach 

Further investigations generated a better idea about the types of learner. Now, the two 

different types of learner were known as "mernorizers" and "relators" (see 5.2.4). 

Similar experiments were performed on a number of very simple arithmetic cases. and 

the results of the fïndings were used and re-tested in the chemistry cases. Each 

experiment used some son of time-wise tables that demonstrated how an organized short 

lecture in a typical teaching process is presented to a learner. In fact, the insight provided 



from these cases shed new Iight on the knowledge of this sntdy concerning the 

mechanism in a learning process. 

Based on the availüble knowledge at this stage about memonzer and relator 

orientations toward the different types of information, the study switched to a different 

view about the types of information. Now. the types of information were classified in 

three groups as follows: 

Rote-type information: A sort of information that is memory-oriented with no link to 

one's real Iife experience 

Relationship-type inforimtion: A kind of information that recalls past pieces of 

knowledge, ideas. concepts. or experiences. and can be directly or indirectly 

connected to it. 

Procedure-type information: A type of information that has a classification, method, 

or stepwise scheme. and involves relationships. 

Similarly. considering the different approaches of the mernorizers and relaton to 

the leaming, a new classification for their types of leaming abilities were identified as 

follows: 

Memorizers : 

Upon receiving new information. they bring fonvard similar hooks. If new information 

fits one of them. the? hang i t  oii the hook, ocherwise, they 

- Generate new hooks of eienients and relationships as they are given. 

- Memorize hooks of elements and relationships by repetition. 

Relators: 

- Upon receiving new information (elements/relationships), they use relationships to 

- link it to the other parts or generate new relationship. 

- Upon receiving new information (elements/relationships). they create and use 

procedures to link it to the other pans and or generate new parts. 

- Generally, they use procedures to reach relationships to reach elements. 



5.3.3 The Later Approach 

The beginning of this stage is concurrent with the conceptualization of the proposed 

theory for form and function leamers. At this stage, question statements were added to 

the short lecture trials. The two types of mind were subjected to the pre-designed single 

short tests (truelfalse. multipie choice, short answen, and problems) and the possible way 

that they tackle questions wu<:  worked out. The most likely answen were guessed by the 

researcher himself and büsed on his past teachinglleaming expenence and rnarked 

accordingly. Analyzing the way that each type of mind handles the test questions led this 

researcher to new findings. For instance. the different types of information were further 

modified to the following: 

- Only memorizing (rote-type) information 

- Relationship-type in forniaiion (quasi or rote-oriented - non-verifiable) 

- Relationship-type information (real - vet-ifiable, cause-and-effect type) 

- Procedure-type information (quasi or rote-oriented methods - follow rules type) 

- Procedure-type information (real - inter-relational cause-and-effect type) 

- Question-type in forniaiion ( rrue/fülse or yeslno) 

- Question-type information (short answer required) 

- Question-type information (closed problem-solving oriented) 

- Question-type information (open problem-solving oriented - most likely needs 

critical thinking abilit yi 

Apparently. the first five types are the main constituents of any narratives, 

presentations or lectures. On the other hand, the second four types, are the auxiliary 

constinients of a lecture and represent different groups of question type information. 

Although they are not used as frequently as the first five types, more or less, they are 

included in a well- designed and quality lecture. However, as it can be seen, the main 

constituents of a lecture are composed of the "rote-type," "relationship-type," and 

"procedure-type" information. 

Worth mentioning, is the way that this research defines the two proposed kinds of 

relationshiptype information. An example for each will clarify their differences. "James 



Watt invented the steam engine in 1970." is a typical relationship-type information that is 

rote-oriented and is not easily memorized by a relator. On the other hand, "a particular 

bal1 fits exactly within a particular hoop," is a typical example for real relationship-type 

information that, since it expresses a verifiable cause-and-effect relationship, could be 

memorized easily by the relator. 

Moreover, in a separate effort on the different learning abilities of f o m  and 

function learners, the previous classification was further modified. According to the new 

results, each fom and function learner could possess seven different types of learning 

abilities where each ability could Vary from O (weak) to 100% (strong). Fig. 5.5 shows 

the rnodified types of the learning abilities for each type of Iearnen. The linear and 

nonlinear expansion of relationships and procedures (the five boxes at the right bottom of 

the diagram will be clarified by an example short-lecture case that will be discussed 

later). 

Fie. 5.5: Differenr Twes of Learning Abilities 

- - - - - -- 

T Y P E S  O F  L E A R N I N G  A B I L I T I E S  
Form type Function type 

0 O/o 1 00% 0% 1 00% 

1 memorize elements 1 I use I 
( (qenerate hooks) 1 1 relationships 

I mernorite I I use I 
1 relationships 1 1 procedures 1 

1 memorize 1 1 iinear expansion of 1 
1 procedures 1 1 relationships 1 

nonlinear expansion l of ~rocedures I 
nonlinear expansion ) of rel'shps/pioceds 1 



As mentioned earlier in this chapter, it should be noted that, the focus of this 

research is on the two extreme types of leamers. In fact, there exist countless variations 

of learner in-between, and any one leamer would have some combination of form and 

hinction leaming abilities. 

In the Iatest effort, that includes dl of the new findings, another trial was 

performed by using a second year engineering course namely, Introduction to Industrial 

Engineering. This course had the advantage of being taught by the researcher himself for 

two consecutive years. Mastering this course, requires a quantity of mathematics. 

analysis, memorization. dexterity, and other abilities. This research, intentionally. chose 

a lecture on the "productivity issue" which coven a part of the first regular lecture in the 

course. Typical leamen find it to be a section of moderate difficulty within the program 

because of the mixed use of simple mathematics and common sense materials. The 

learning objective was defined as: 

- defining "productivity," 

- learning how to measure "productivity" and 

. mastenng how "productivity" is used to measure the performance of a fim. 

Therefore, the content of the lecture was composed of a basic definition and some rules 

and principles that described the concept to be leamed. 

The "productivity" case was created in a similar manner to the previous cases. It 

comprised the following constituents: 

- original knowledge as it is arranged in the form and function mind 

- steps (sequences) of information, each with a meaningful statement 

- types of information 

- final knowledge as it is arranged in the form and function mind at the end of the case 

- short tests 

- answers and mark 

Fig. 5.6a, 5.6b, and 5 . 6 ~  demonstrates three important parts of the short lecture 

trial on "productivity" for a form type learner. Fig. 5.7% 5.7b. and 5 . 7 ~  demonstrate 

similar parts for a function type learner. 

Note that Fig. 5.6a and 5.7a show the original knowledge as it is arranged in the 

mincis of the form and function types respectively. The interesting points in these 



diagrams are the differences in the patterns of the knowledge and the location (episodic 

or semantic memory) of the original knowledge in the mind of each learner. 

Fig. 5.6b and 5.7b depict steps 1-17 of the short lecture and the way that f om and 

function minds mat the incoming information respectively. Note that the words 

which are underlined in the left column of the diagram indicate the keywords within each 

statement. Also, the words that are shown in bold in the right column represent the 

different types of the leaming abilities that are used by each of the leamen for the 

situation. 

Fig. 5 . 6 ~  and 5.7~ demonstrate the final arrangement of the knowledge for the 

form and function minds (at the end of the lecture) respectively. A simple contrat of 

these two diagrams with Fig. 5.6a and 5.7a depicts the volume of the knowledge 

acquisition by the form and function minds respectively. 

A few points are worth mentioning: 

The total information presented by a teacher dunng a lecture could be analyzed for its 

types. If relationship-type and procedure-type information are dominant, then the 

teacher is most likely a function-oriented type teacher and vice versa. This is really 

exciting! The Form-Function Theory of Types is at work! 

The total information presented by a teacher dunng a lecture also could be analyzed 

for the prediction of the learners* performance beforehand. If the stress is on the 

memory (rote) type information. then the form type students, most likely. will achieve 

better marks. 

The order of the steps or the sequence of information in the left column in Fig. 5.6b 

and Fig 5.7b could be changed. Depending on the type of the information. a change 

in the performance of the function or form learners or both is predictable accordingly. 

To test this idea, some different random trids were performed in this study. 

However, time limitations and other concems did not allow for more in-depth 

and ysis. 

The form and function type learnen can be identified in advance, by using a well- 

designed questionnaire, provided that the questions are form and hinction-oriented 



ORIGINAL KNOWLEDGE AS If IS ARRANGED IN THE FORM MIND ( AT T = Ti ) 

HOOKS OF 1NFORMATiON IN THE EPISODIC MEMORY: 

rhings 
iumbers 

Pl= 
minus 
times 
over 

ratios 
percent 

associations: = how to add? 
a + b = c  [statement: as per 
c - b = a  sheet 21 
a ' b = d = how to subtract? 

d / a = b  [statement: 
accumulation] 

= how to multiply? 
[statement: 

accumulation 

= how to divide? 
[accumulation] 

1 experience j 

1 I 
th jngs 
worûers 
machines 

took 
money 
raw mark 
products 
factories 
managers 
assignment 

texttmk 
tests 

relations 
humans-work-pay 
thingsoperate-produce 
things use-do work easier 
eam-wealth-buy things-survive 

things-use-change-product 
goods-made-use 
places-humans-machines 
humans-bosses-order-do 
problems-solve-mark 

book-course-materials-read 
questions-solve-maMgrade 

1 this course (intro to IE) ] 

I 
industrial engineering 
contributors 
organizations/businesses 
funct-w 
marketing 
PIOM = production and 
inputs 

outPd 
operations management 
finance 

industrial enoineennq-techniques- 

improve-performance-fimi 
contributon: 

= Taylor-father of scientific 
management- use- scientific pnnciples 
- work study-labor standards 

= Gilbreths-time and motion study 
= Gantt-bar charts 
= Henry Forcicar assembly line 
= Metcalfecost anaiysis/controi 
PlOM-management-activities-transfomi - 
inputs-outputs 
praductioncreatiori-physical products 

N-bike-handtods 
operationscreatlon-nonphpical 
products/se~ces-a check being 
processeci in a bank-a customer being 
sewed in a restaurant 
gmaniraüonlbusiness~s-oiree main 

functions-marketing-PIOM-fi- 

procedures 
(None) 

procedures 
= how textbooks 

should be read to 
pass courses? 
[staternent: (1) identify 

each key terni (2) i f  it 

is new, create a hook 

(3) if ifs not. add it to 

a hook which fits] 

= how factories work 

to make gocxis? 
Lstatement: . . ... . . . . . . . 1 

= how the potential 
test questions can 
be realited from 
the lecture? 
Istaternen t: ..... . . . . . .. 1 
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FINAL KNOWtkDGt AS IT IS ARRANGtD IN THE FORM MINO ( AT T = TF ) 
HOOKS OF INFORMATlON IN THE EPlSODlC MEMORY: 

[ math knowledge 1 
I 

things relations 
numbecs associations: 

plus a + b = c 
minus c - b = a  

times a ' b = d  

over d / a = b  

ratios 

7 
procedures 
= how to add? 

btatement: as per 

sheet 21 
= how to subtract? 

[statement: 

accumulationl 

I 
things 
workers 

machines 

tools 
money 

raw mat'ls 

products 

experience '=7 
relations 

humans-work-pay 
things-operate-produce 

things usedo work easier 
eam-wealth-buy things-su~ive 

things-use-change-product 
goods-made-use 

1 
procedures 

= how textbooks 

should be read Co 

pass courses? 
[statement: (1) identify 

each key tenn (2) i f  it 

is new. create a hook 

percent = how to rnultiply? facto ries places-humans-machines (3) if it's not. add it to 
DtatemenC: managers humans-bosses-order-do a hook which fits] 

accumulation assignment problems-solve-mark = how factories work 

= how to divide? textboo k book-course-materials-read to make goods? 
[accumulation] tests questions-solve-mark/grade btaternent: ........... . 1 

= how the potentiat 

test questions can 
be realized from 

1 this course (intro to IE) ( the lecture? 

PlOM = production and contributors: ( (2) substitute their values in 

I 
things relations p.cedures 

operations management = Taylor-father of scientific I productivity = output / input 

marketing management- use- scientific principles value of output in the nominator 

[statement: ........... . 

1 
1 

IE t industrial eng. industrial enaineerinq-techniques- 

organizations/firms irnprove-performance-firm 

finance 

labor 

how we measure ~roductivity? 

(1) identify 'output' and 'input.' 

- work study-labor standards 
= Gilbreths-time and motion study I and value of input in denominator. 

(3) solve to find the value of 

capital = Gantt-bar charts 1 productivity. 
= Henry Ford-car assembly line 
= Metcalfe-cost analysislcontrol l productivity can be measured in a 

variety of ways, such as labor. 

PIOM-management-activities-transfomi - 1 capital. energy. mateM1. and ro on. 
inputs-outputs I how we can use productivitv~ 

production-creation-physical products = use it to evaIuate 

TV-bike-handtools L performance of a f inn? 

goerationpxeation-non physical 

products/senrices-a check being 

processed in a bank-a customer being 

f served in a restaurant 
gmanization/businesse~-three main 

functions-marketing-PIOM-finance 

tool-industrial engineers-PIOM 

inputs -> transformation ptocess -> oulputs 

inputs-resources-iabor-capital-managY 
outputs-gaods-services-butter-education 
labor. capital, management -> 

production process -w goodslservices 
productivity = output 1 input 

the higher pmductivity of a finn the 
better its perlormance is. 
the effective use of thme variables of 

productivity: labor, capital and management 

F i p . S . 6 ~ :  The Final Knowledne as it is Arranned fForm-Oriented Mindl 



oR~G~NAL KNOWLEDGE As If 1s ARRANGED IN THE FUNCflON MlND ( AT = Ti ) 
WEB OF CONCEPTS IN THE SEMANTIC MEMORY: 

1, 
t 

t 

MATH CONCEPTS EXPERIENCE 

available procedures for performing 4 '4 
* available procedures for making the 

fundamental arithrnetic opetations b - new incoming info meaningful d 

m 

4 
# 'IBlationshi~ between addends; ' whenever a is an addend, the 

other addend n changes to a 
value equal to: a + n (= m). 
relationshb between deducted 
gnd deductant: whenever m is a 
deductant and n is deducted. the 
remainder is m - n (= a). 
.....,... & similarly for other two.. 

THIS C 

1 

$ 
I 

machines: output of a human in r 

multitudes, lower cost products, 
capital cost. training. accumcy, 
standardization, technology, 
continuous production. U S ~ U I  life. 
maintenance. data. energy 
consumption. pollution. noise. 
oraanizations: factories. plan. 
function, levels and mode of 
execution. inputs. outputs ... 

things (per case) 

1 

1 lntro t o  Industrial Engineering (IE) 1 
see what is it about? set up links with cases in EXPERIENCE 

have 10 leam PIOM = techniques and tools 7 
used by IEs and managers for making goods 
and senrices. frelation ) 
Use of these toolsl techniques improve 
performance of any firrn and organization 
(ho w? waiting for relation1 
production deals with creation of physical 
products (connections made to physical 

operations deals with creatio n of services or 
non-physical products (connections made 10 
many service examples ) 
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ind cases 
in real Iife 

hat make 
dations 
neaningful. 

and subject students complete it carefully. Advance knowledge about the types of 

students could have a dramatic effect on the control and irnprovement of the 

teachingllearning processes. 
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5.4 Summary and Conclusion 

In this chapter, by employing the soit OR and systems thinking techniques (to support the 

system dynarnics approach), three fundamental questions were answered: 

(1 )  Mat are the types of the rninds that leamers possess? 

The research combined the results of the previous synthesis and those from the 

four major studies in the li terature (the Myers-Briggs Type Indicators. Kol b's theory, 

Gothenburg Studies by Marton and his colleagues, and Bloom's Taxonomy). A theory 

was conceptualized, introduced, and solidified. This theory (Form-Function Theory of 

Types) States that. leamers possess two distinctive types of minds: form-oriented and 

function-oriented. The characteristics of these two minds were defined and discussed in 

detail. It is suggested that these two types of leamen represent the two extreme types of 

learners on a learning continuum. In fact, countless learners, each with their own specific 

intensity in form-function orientation can be seen between the two ends of the continuum. 

Moreover, different learning abilities of the form type and the function type 

students, regardless of their motivation related to having to work or wanting to work. 

were investigated. The findings were checked for validity with two renowned theories on 

student learning (absorption and cognitive approach - 2.2.4) and found to fit very well. 

Interestingly, form type fit exactly the absorption approach (See Table 2.2) while 

function type fit very well the cognitive approach (See Table 2.3). 

However, to be more strict in the validation of the proposed theory, another effort 

can be made to compare the three basic leaming abilities related to elements. 

relationships and procedures for each type of leamers (developed by this snidy and 

discussed earlier in this chapter) with those proposed by absorption and cognitive 

theories. This can be done by contrasting Table 2.2 and Table 2.3 with Fig.5.5. The 

results are surnmarized and reported in Table 5.8. 



Fia. 5.8: Vafidarina the Prouosed Fonn-Funcrion Theorv o f  T- 

Form Type 
(See Table 2.2) 

MEMORIZE ELEMENTS 
Learning by repetition 

MEMORIZE RELATIONSHIPS 
Learning by association 

MEMORIZE PROCEDURES 
Learning by accumulation 

Function Type 
(Sa Table 2.3) 

USE ELATIONSHIPS 
Learning by relationship 

USE LINEAR PROCEDURE 
Learning by assimilation 
Learning by integration 

USE NON-LiNEAR PROCEDUE 
Learning by changes in 
thinking pattern 

(2 )  What are the Qpes of incoming information? 

This research. dirough a long investigation and expenmentation was able to 

recognize the different types of information in a typical teaching lecture. Nine types of 

information were identified and described in two sets: main types of information and 

question types of information. While the first set includes the main constituents of a 

statement, the second set includes the auxiliary constituents of the statement and is used 

for testing purposes. These nine types of information are demonstrated in Fig. 5.9. 

Main constituents Auxiliary constltuents 

info (rote) 

relationship-type 
info ( r d )  n 

info (mai) 

question-type info E l  

question-type info Gl 

Fin. 5.9: Nine T v ~ e s  o f  Information (The constituents o f  a lecture1 



The proposed theory of form-function prepared the ground for a better 

understanding of the types of incoming information (originated from the teaching system) 

to the minds of leamen. Conversely, the knowledge of the dominant types of 

information given by teachers, could lead to better understanding of their types. That is. 

whether they are form or function type individuais. 

(3) How ir each type of information is accommodated by euch type of mind? 

In fact. finding an answer to this question cost this research in a great deal of tirne 

and energy. Many theoretical trials (different types of students posed to different types of 

information). in different disciplines, were exarnined. Again. it was the conceptualization 

of the Fom-Function Theory of Types that produced a momentum in this adventure. The 

original knowledge as it was arranged in the students' minds were defined schematically. 

nien, form and function minds were subjected to a set of the same pieces of information. 

in order. The way each mind deals with (takes in. processes. and stores) each type of 

information was guessed based on the best judgement of the researcher and was noted. 

Finally. their final knowledge as it was arranged in their minds, was deveioped (based on 

the findings) schematically. The totally different pattern of the build-up of knowledge in 

the form and function minds clearly demonstrated the mechanisrn of the learning process. 

Needless to say, the impact of motivational factors on the process of knowledge 

acquisition was the major missing part in these trials. 

Fig. 5.10 is an effort to demonstrate al1 the important findings by this study so far. 

This figure, has brought together al1 the major components of a teaching/leaming process 

in a single diagram as below: 

- The nine types of information are in the left column. 

- The ten types of the student's perception of task value (as proposed and 

discussed in Chapter 4) are in the next column to the right. 

- Seven types of the extemal reinforcement factors are in the middle of the 

diagram. (They represents the charactenstics of the teaching system and the 

learning environment, as proposed and described in Chapter 4). 

- The two colurnns in the right of the diagram include fourteen types of the 

student's learning abilities (seven for the forrn type and seven for the Function 



type). Each of these abilities c m  Vary from O to 100%. They represent the 

different stable and distinctive traits of leamers. They were proposed and 

described earlier in this chapter. 

Fin. 5. IO: Pro~osed Maior Comaonenrs for a TeachindLearninn Process 

10 w s  of stuclent's 
perceRtioci of 
the task value 

14 hnies of student's leamina ability 9 WDCS of 
incomina info 

Fonn leamer Function learner 

I use 1 

institutional 

procedures I 
info (rote) 

info (reaJ) I pr-Ure-ryoe l 
future job question-type info F I  

of relationships 
-- 

question-type info 

By placing the new proposed components in Fig. 4.5 (A proposed Mode1 for a 

TeachingfLeaming Process), a more comprehensive flow diagram would be generated. 

Fig. 5.1 1 is an example demonstration of one way that some of these components could 

be connected to each other in the same flow diagram for a form-onented learner. A 

similar diagram can be constructeci for a function-oriented learner as well. 



memorize elements - 
memorize relatiorrships r 
memorize procedures 

Now. the stage is ready to translate the above findings into a STELLA level and 

rate diagram. Formulating and simulating of the mode1 will be next. This work will be 

done in Chapter 6 and in line with the other steps of the system dynarnic method. 



Chapter 6 

The Model of a TeachingILearning 
Process 

In the previous chapters, in line with step 1 and step 2 of the system dynarnics method, a 

system for the teachinghearning process was defined. The building blocks of the systern, 

their constituent parts, and their relationships were theorized and described. Then, the 

main parts of the system were converted into a unified diagrammatic representation. 

Further analysis of the literature search in Chapter 5. uncovered new knowledge about 

suident learning and resulted in the introduction of two different types of learners with 

two distinctive approaches to learning: fonn learnen and function learners. The new 

findings, accordingly, have led to the development of a separate mode1 of the 

teachingeaming process for each type of leamer. 

In this chapter, first, the STELLA language software. as an operational 

manifestation of the system dynamics approach. is introduced and discussed in detaii. 

Then, the general model of the teachinflearning process will be translated into the 

STELLA stock and flow equation of a system dynamics model. Although the gist of the 

teachingllearning mode1 is common for fonn and function Iearners, because of their 

totally different approaches to learning, two separate base models are built and run 

concurrently. The rest of the chapter deals with the description, analysis and results of 

the base models and the implementation of the different policies to improve the behavior 

of these two systems. 

6.1 STELLA Language Software 

The STELLA software's language is built around a progression of structures. Stocks and 

j7ows are at the lowest level and are the fundamental building blocks of the structure. 



Infustructures, which Vary in size and complexity. are the next step in progression. They 

are built up €rom various combinations of stocks and flows. Feedback loops are the final 

step in the progression and are the relationships that link stocks to flows in various ways. 

in so doing, they enable infrastructures to exhibit interesting dynamic behaviors. 

This section provides an overview of each step in the progression of the fore- 

mentioned structures. In fact, this overview will prepare the ground for understanding 

what the "structure" looks like at each level, how each structure behaves, and overall, 

how a STELLA model works. To be more efficient, in discussing each step, this research 

uses examples from the non-physical variables that, one way or another, are pans of a 

teachinglleaming process in real Me. 

6.1.1 The Building Blocks 

Components, or the building blocks, of the system are the first progression of the 

structure in the STELLA software language. There are four basic building blocks in the 

system: the stocks, the flows, the converters, and the connectors. A short and concise 

description of each of these components follows: (For detailed information see 

references 5, 1 14 and 1 16.) 

Stocks 

Stocks are basically accumulations. They collect whatever flows into and out of them. 

The default stock type in STELLA is the "reservoir." A reservoir passively accumulates 

its inflow, minus its outflows. Any units, which flow into a reservoir, will lose their 

individual identity. Reservoirs mix together al1 uni& into an undifferentiated rnass as 

they accumulate. In a teachingfiearning process, for instance, the student knowledge is 

an accumulation that varies as the process of teachinglleaming proceeds. 

Three other stock types are available in the STELLA software, but only two of 

hem; "conveyors" and "ovens" are used in this study. A conveyor can be thought of as a 

moving sidewalk or a conveyor belt. Stuff gets on the conveyor. rides for a period of 

time, and then gets off. The transit time for a conveyor can be either constant or variable. 

Both capacity and inflow lirnit cm constrain entry to a conveyor. On the other hand, an 

oven rnay be thought as a processor of discrete batches of stuff. The oven opens its 

doors; fills either to capacity or until it is time to close the door, bakes its contents for a 



time (as defined by its oudlow logic); then unloads them in an instant. By contrast, stuff 

that enters these two stock types (conveyor and oven) does retain both its magnitude and 

time-of-arrivai identity. 

Stocks, in general, can be referred to as system state variables Fig. 6. la, 6. lb. and 

6. lc show a reservoir, a conveyor. and an oven type of stocks respectively. 

Fia. 6. la: A Reservoir Fin. 6. Ib: A Convwor Fin. 6. Ic: An Oven 

Rows 

The job of flows is to fil1 and drain accumulations. Mathematically, they are the 

instantaneous rates of flows that represent the means by which the system is controlled 

and represent activity points in the system. In fact, without flows. no change in the 

magnitude of stocks could occur. So. stocks and flows are inseparable components. 

They form the minimum set of structural elemenu needed to describe the dynamics of a 

system. Fig. 6.2 exhibits two types of flows that are used in the S E L L A  program; 

uniflows and biflows. In Fig. 6.2a the unfilled arrow head on the flow pipe indicates the 

direction of the uni-directional flow. Clouds represent infinite sources or sinks for flows 

as illustrated in the diagram. Also, Fig. 6.2b shows a bi-directional flow (biflow), which 

is used to transport things both into and out of an accumulation. The second. shaded 

arrow head on this 80w points the direction of outflow. Uniflows will assume only non- 

negative (i.e., inflow) values, but biflows can take on any value. 

Uniflow 
Q - 

Fin. 6.20: A Flow îuniflowl 

Converters 

Converters are auxiliary functions and serve a utilitarian role in the software. They hold 

values for constants, define external inputs to the model, calculate algebraic relationships. 



and serve as the repository for graphical functions. In general, they represent the decision 

processes in the system. They are called "converters" since they convert system States to 

system activities (or inputs to outputs). Figure 6.3 shows the symbol that represents 

converters in the STELLA mapping. 

Fin, 6.3: A Converrer 

Connectors 

As their names suggest, the job of connectors is to connect mode1 elements. In fact, 

connectors are links that connect al1 of the componenu to each other. In so doing, they 

eventually fom arcs that influence the flows (which regulate the system). The only 

restriction of connecton is that one cannot drag it into a stock. The only way to change 

the magnitude of a stock is through a flow. Figure 6.4 shows how a connecter looks in 

STELLA software 

, Connector 

Fin. 6.4: A Connecror 

6.1.2 Infrastructures 

As stated earlier, stocks and flows are the principal building blocks of the STELLA 

software language. However, irrespective of how many flows are aîtached to it, a single 

stock system can self-generate only a very limited set of dynamic behaviors. To produce 

a more complex dynamic pattern, it is essential to assemble sets of stock/flow 

combinations. These sets of combinations are called infiastructures. They exist in an 

essentially infnite variety. For the purpose of this study's modeling, it is important to 



recognize that infrastnictures will generally define the range of charactenstic behavior 

patterns that a mode1 of teachingeaming will be capable of exhibiting. 

However. in practice, infrastructures typically appear in a Iimited number of 

generic fonns. Each generic form has certain dynamic behavior. Five main genenc 

foms  are recognized in STELLA software as follows [5, 1161: 

Fini-order linear infrastructure: It is a simple combination of a compounding and a 

draining process (Fig. 6.5). Note that in a compounding process, the stock serves as 

the bais  for producing its own inflow while in a draining process, the stock serves as 

the bais  for generating its own outnow. 

S-shaped: It is a self-reinforcing growth process that eventually is under control by 

some growth constraint. 

Overshoot and collapse: In this form, accumulations do not make a smooth transition 

from growth to steady-state. Instead, they grow rapidly, reach their maximum. and 

then decline to a new steady-state value. 

Oscillation: It is an oscillatory behavior produced by a minimum of two stocks while 

each serves as a catalyst for producing the other stock's flow. 

Main chain: This form represents a sequence of stages through which stuff flows 

while the specific nature of the flows varies, depending on the specific situations 

being modeled. 

Taken as a whole. these genenc processes will help this study to operationally 

specify the teachingAeaming processes that it seeks to represent with the software. A 

mode1 of a teachingnearning process will generally employ a combination of al1 of the 

above types. An example of the generic structure of the first-order linear infrastructure is 

shown in Fig 6.5. The system is cailed b'first-order" since only one stock is involved. 

Also, it is "linear" since the constant proportionality between the stock and its Rows gives 

nse to the term linear - which refers to the algebraic form of the fl ow equation. 

As the diagram shows, the stock is fed by a compounding process (as defined and 

formulated in the figure). It is depleted by a draining process. Both the compounding 

fraction and the loss fraction are constant, which means that both compounding and 

draining flows are proportional to the arnount of the stock. 



Fin. 6.5: Eramde of Firsr-Order Linear Infiastrucrure 
A d~otcd a d  Modificd fmm Richmond In 

KEY EQUATiONS: 
Buildup = Interest-in-Subject ' Buildup-Rate 
Dissipation = Interest-in-Subject ' Dissipation Rate 

1 

A fmt-order linear infrastructure can exhibit three distinct behavior patterns, 

depending upon the relationship between the compounding and loss fractions. When the 

two fractions are constant, and the compounding fraction is greater than the loss fraction, 

the infrastructure exhibits exponential growth - the compounding process will dominate 

the behavior. In each cycle of the process, more will be added to the stock than will be 

taken away. As the stock builds, both inflow and outflow will grow larger. In relative 

ternis, however, the inflow will always be greater than the outfiow. The net rate of 

growth in the stock is simply the difference between the compounding and the loss 

fractions. On the other hand, when the compounding fraction is less than the loss fraction 

in this infrastructure and both are constant, the net rate of decline is the difference 

between the loss and the compounding fractions. FindIy, when the two fractions are 

equal, the stock will remain constant. The draining flow is equal to the compounding 

flow, so no change will occur in the stock. 

f 

6.1.3 Feedback Loops 

While in.fkastnictttres define the range of dynamic behavior patterns that a mode1 is 

capable of exhibiting, the particular kind of feedback relationships that exist within the 

infrastructure will determine which of these patterns is realized. A feedback relationship 



is a closed-loop circle of cause-andeffect. Feedback loop cause-and-effect always 

includes at Ieast one stock and one flow. This is because stocks are conditions that give 

rise to actions (or flows of activity) that in tum change conditions. However, it is really 

the cumnt state of conditions, relative to some target level for the condition, that inspires 

conditions to change. Thus. feedback loops could be viewed as relationships that 

generate goal-seeking behavior. Goal seeking is a hindarnental activity in which al1 

dynarnic systems engage. In fact. goal seeking is what enables conditions within a 

system to remain on course. When deviation occurs, feedback relationships inspire and 

direct corrective actions to bring conditions back in line. 

There are two types of feedback relationships: negative (counteracting) and 

positive (reinforcing) feedback loops. When any variable in a negative loop is changed, 

then the loop causes that variable to readjust in the opposite direction. The negative loop 

produces self-regulating change (controlling and restorative behavior). Fig. 6.6 illustrates 

a common counteracting feedback process. In the loop, the Level-of-Effort is being used 

to regulate the Level-ofPerformance. If performance falls below the level that the 

student has set as his or her target, then effort should go up. A higher Level-of-Effon 

leads to an increased Level-of-Performance. So, an initial decrease in performance 

Levei of Pertomiancs 
Change in Pedormance 

Fia. 6.6: A Sirnoie Counteractinp Loop 
Mod- 



propagates a signal around the loop, which leads to an increase in performance. The loop 

thus acts to counteract the initial change. 

It should be noted that the loop ais0 could counteract change in the other 

direction. That is. if performance nses above target levels, effort will be scaled back so 

as to r e m  performance target Ievels. 

By contrast, positive (reinforcing) feedback processes compound change rather 

than counteract it. When any variable in a positive loop changes, the resulting 

interactions cause that variable to change further in the same direction. The positive 

loop, in other words, characteristically produces self-reinforcing change (unrestrained 

growth). 

Fig. 6.7 is an illustration of how a typical reinforcing feedback process works. 

The better a student performs, the more confident s/he feels. Subsequently, the more 

confident slhe feels. the better she performs. However as mentioned in the counteracting 

feedback relationship, the loop also may change convenely. That is, the less confident 

one feels, the wone slhe performs and subsequently, the worse she performs, 

confident she feels. 

sen Confidence 

Target LevJ of P a r t o m  

Fin. 6.7: A Sim~le  Reinforcina h o u  
cd and Modified h m  Richm&.El 

As the diagram indicates, in the case of reinforcing feedback loop, the 

the iess 

goal (or 

target level of) performance is linked to the level of Self-Confidence. The link means 

that when Self-Confidence nses, the target for Level-of-Performance follows suit and 



vice versa Then, as performance adjusts to the new target level, self-confidence 

responds accordingl y. 

Combining Counteractinn and Reinforcing Feedback Loovs 

In k t ,  it is the interaction and shifting dominance between the two types of feedback 

relationships that generates the dynarnic character of a system. Fig. 6.8 is an effort to 

combine the two previous examples and to show the way that the resulting systern 

behaves. As the diagram indicates, now it is Self-Confidence that sets 

TargerLevel-of-Performance and Target-Level-of-Effon. That is, how confident a 

student feels, determines both how well she thinks she  should be able to perform as well 

as how much effort she puts out to achicve that level of performance. 

Leve~of'Pedormance feeds back to determine Self-Confidence, and Level-of Effon 

feeds back to determine LeveI-ofPerfomance. 

Now. if this set of relationships is allowed to operate with the STELLA software, 

the behavior of the system will depend on the initial levels of confidence, performance 

and effort as well as the strength of the relationships between Self-Confidence and the 

a O Combining Reintorung and Comteramng Feedback Reianonsrups n a  

Change in Performance 

Fin. 6.8: CombinUla Reinforcina and Counteracfina Feedback Relationships 
M-nd 151 



two targets. For example, if a decline in Self-Confidence causes a larger decline in the 

target for effort than it does for performance, then the system accelerates downward. 

However a decrease in Self-Confidence has only a minimal effect on the 

Target-Level-of-Effort, the counteracting feedback loop which ties 

Level-of-Performance back to Change-in-Effort will have a chance to operate. This 

loop will act to boost the Level-of-Effort which. in tum, will increase the 

Level-of-Performance. An increase in performance, then will inspire a rise in the level 

of Self-Confidence accordingly. 

Worth rnentioning is that there are a lot of "ifs" in these scenarios. The "ifs" 

depend on the relative strengths of the feedback relationships that are involved. This 

simple exarnple emphasizes the fact that it is difficult to make accurate predictions about 

the performance of systems involving extensive webs of feedback relationships. 

6.2 Modeling Soft Variables in a TeachingRearning System 

Modeling of a teachingllearning system requires total involvement of a modeler with 

variables that are intemal to both learners and teachers. Variables like student 's abilities 

and motivation or quality of teaching are not entities that cm be measured or computed. 

In fact, since they are non-physical (soft) variables, they could not get numenc or precise 

values. Despite this reality, however technicdly there is a mechanisrn for tackling such a 

problem. The mechanism may be found in the fundamental distinction that exists 

between rneasurernent and quantijcaion [128]. 

Memurement, by definition, means "assessing the magnitude of'. The result of 

the assessrnent is often expressed numerically. Al1 physical quantities or "hard" variables 

like height, volume and weight have pre-defined units-of-measures. On the other hand, 

qtrantification means, "assigning a numencal index to". While assigning a quantitative 

index is usually a pre-condition to measuring something, the two activities are not the 

same. The interesting point is that one can quanti9 almost anything. 

Fortunately, in the case of a teachingllearning process, it is not necessary to 

measure al1 of the soft variables to be able to use them in the simulation model. That is, 



the research will assign a numerical index to each of the non-physical entities that are 

involved in the system. For instance, to quantify student motivation, the research will 

assume that O represents the complete lack of motivation and 100 represents as much 

motivation as it is possible for a student to have. A similar quantitative index would 

work equally well for the effort that students put into a leaming task or the interest they 

have in the subject matter. Likewise. to quantify the rate of knowledge acquisition. the 

research will assume O npresents the complete absence of effort to leam and 100 

represents as much knowledge as is possible for a student to acquire for a given period. 

Doing this will cause this study to act in a ngorous manner about the relationship 

each variable bears to other variables in the teachingheming system. Hence. the more 

this research tries to quantify, the better the desired model resembles the real one. In 

addition. this will enable the study to solidify al1 the soft variables and simulate them to 

examine their role in the dynamics of a teachingflearning process. 

This study, based on the discussions and findings in Chapter 4 and Chapter 5, has 

proposed two separate models for the components involved in a teachingnearning 

process. That is, a system for a form-oriented leamer and a separate system for a 

function-oriented learner. It is noteworthy that the gist of the main structure for both 

models is the sarne and only the main chain within each model is different. 

Table 6.1 shows the list of soft variables that have been defined and considered 

within the two models. Each soft variable is represented by one of the main building 

blocks of the STELLA software (stock. flow, or converter). As the table depicts, each 

model is comprises of exactly fifty soft variables with most of them being common in 

both models. Note that this is a good number for a STELLA model. In fact, a model 

with this number of variables is neither too complicated to be unmanageable nor too 

simple to be unacceptable as the representation of the reality. 

Each model uses eight stocks and nine flow rates. The remaining variables have 

been defined by the converters. Ail of the stocks except two, hooks-for-repetition and 

stmctures-to-form, are reservoir types. On the other hand, four flow rates out of a total 

of nine flows are biflow types. These flows represent variables that can "change" values 

in either direction, e.g., change-in-quantity-of-info and change-inexpectancy. 



Table 6.1: Defined Variables for the Pro~osed ModeLr of TeachinanRamin~ Process 

Stocks 

taking, (information) 

complcting (Lhe hooks) 

n p u n ~  (hooks of 

information) 

Iccturin& 

chgc-in-quuitity-of-ïnfo 

chge_in,cxpecmcy 

changejn-effon 

changc,in-pcrfomcc 

w t c -  

t;iking (information) 

evduaring (the information) 

finishing (the stnrcturcs) 

lecturing 

chuige-in-quurtity-of-info 

change-in-expecmcy 

change-in-cffon 

change-in,performcc 

-te- 

Converters 

type-of-info: rncrnory,info. relmtc-info. 

rrlrcUl-info. procedure_d. proccdurr_rolc 

I m i n g  reinforcas: iesting tmtc-type. clsd-prbm-slvg. 

opn-phrn-slvg). qudity-of-tuching. othcr-reinforcers 

interest-in-use. interest-in-gmde. impact-of-othcr-values 

availnbility-, snidcnt's~rceivtd-avilability. 

forcust, adjustincnt 

pri~r,knowlcdge, amount-lumed. pmductivity-. c o d i n ~  

waste-fraction. 1e;uningstyle-comp;iUbility. consuaints- 

willingness,. &-O f-desire. pcrccivcd,~smcnt  

t~gct-info. adjustrncnt-fraction 

dlocatcd-timc-factor 

6.3 Learning Model of a Form-oriented Learner 

In this section, the STELLA model of a teachinfleaming system for a form-oriented 

leamer during a short period, such as a class lecture, is presented. n ie  role of each 

variable in the model is highlighted. the nature of the interactions between different 

variables within the entire system (feedback loops) is described, and finally, the behavior 

of the system is discussed. 

6.3.1 Description of the Base Model for a Fonn-onented Leamer 

The system flow diagram for the learning process of a fom-oriented learner is as shown 

in Fig 6.9. The diagram has been constmcted by STELLA simulation language software 



and represents al1 the variables presented earlier in Table 6.1. Basically, the variables 

within the system can be ~cognized in three sets of components: components of the 

teaching system, components of the learning side (the form-oriented learner) and 

components of the subject matter. Note that the components of both the teaching system 

and subject matter are at the top and the nght end of the diagram. The remainder of the 

diagram includes the components that represent the characteristics of the learner which 

include learning, motives and performance. The definition and description of each 

variable have been given in the List of Equations (Appendix 0. Worth rnentioning is that 

the STELLA equations created from Fig. 6.9 in the List of Equations are two types. The 

first types are stock level equations, which are generated by the software directly from the 

diagrarn, and their associated initial conditions. The remainder are the flow and converter 

equations that are generated by the modeler. 

Refemng to Fig. 6.9. the main chah infrastructure at the center of the diagrarn 

represents a sequence of stages through which the information flows in the learning side 

of the system. Apparently, the specific nature of fiows Vary, depending on the specific 

situation of each type of information. The chah is fed by a single flow (taking- ). The 

cloud on the left-hand side of the flow of taking- depicts the boundary of the model. Ir 

represents an infinite source for the taking flow, as shown. For the purpose of this 

model, it does not matter what is in the cloud. The flow of l ec tu r in~  (teaching system) 

is governed by two main variables: type-of-info and change-in-quantity-of-info. 

Type-of-info comprises five different types of incoming information, as introduced and 

discussed in Chapter 5. In fact, the composition of the type-of-info detemines the type 

of the teaching system or the teacher. If more weight is given to the memory-info or 

relrote-info (relationship rote-oriented information), the teacher is most likely a fom- 

oriented teacher. Other potential possibilities can be created and used in the model by 

changing the composition of type-of-info. The goveming effect of type-of info on the 

flow of lecturing has a subsequent impact on the learningstyle-incompatibility (which 

has its relevant impact on the leaming side as will be discussed later). 

In the present base model, the flow of taking is capturing each piece of issuing 

information from the teaching system (flow of lectunng ) and placing it into the mind of 





leamer (stock of hooks-under-development). Therefore, the flow of taking- depends 

upon the flow of lectunng- from one side, and coding (suitability to be categorized and 

connected to the hooks already stored in the amount-learned), and the leamer's own 

forecast-adjustment from the other side. The flow of waste- drains the stock of 

hooks-under-development at a rate that is determined by the level of the stock itself and 

the waste-fraction. Waste-fraction is the product of constraints- (that include d l  

impeding factors, whether intemal or extemal to the student, that lead to waste in the 

process of the knowledge acquisition - Refer to Chapter 3.1.3) and 

learningstyle-incompatibility. 

Flow of cornpleting- takes the hook of information from the stock of 

hooks~under~development and places them in the stock of hooks-for-repetition. This 

flow is under the influence of four variables: the level of the direct upstream stock, the 

learner's interest-in-subject, interest-in~rade, and interest-in-use (Chapter 4.4). The 

learner's interest-in-subject is represented by a stock and flow combination while the 

other two types of interest are shown by converters. It is assumed that the magnitude of 

the learner's interest-insubject may vas,  dunng a lecture period while this is not so for 

the other two. 

As shown in the diagram (Fig. 6.9), a conveyor type stock represents the state of 

the hooks-for-repetition in the mind of a form-oriented learner. Interestingly. by 

assigning different inflow limits and capacities to the conveyor, different types of form- 

oriented minds cm be detailed and modeled. Subsequently, the flow of repeating gets 

the repeated hooks off the conveyor and stores them in the stock of hooks-in-memory. 

The flow rate of repeating- is adjusted by the level-of-effort that the learner puts into the 

task. The impact-of-other-values (al1 the remaining task values - Chapter 4.3) 

reinforces the flow of repeating. Finally, the sum of total number of hooks-in-memory 

and prior-knowledge are represented by the amount-learned (Chapter 4.4). 

The other five stocks (shown as boxes in the diagram) are quantity-of-info (given 

by the teaching system), interest-in-subject, level-of-effort, expectancy-, and 

level-of-performance. Each of these stocks allows these parts of the system to have 

initial values. These stocks change in value according to the amount they receive or lose 

since their bi-directional flows can get both positive and negative values. 



To simplify the model, only the two most important leaminereinforcers narnely 

quaiity-of-teaching (shown on the top nght of Fig. 6.9) and test ing (shown on the left 

end of Fig. 6.9) have been defined in the model. Learning-reinforcers is modeled by a 

graphical function of type-of-info and quantity-of-info. On the other hand, testing 

comprises rote-type. cisd-prbm-slvg, and opn-prbm-slvg components, as discussed in 

Chapter 5. In fact, the other less important types of external reinforcers have been 

represented by a single converter as other-reinforcers (Chapter 4.4). 

AIso, to have a more soIid model, two new components, productivity- and 

availability-, have been conceptualized and introduced in the model. Note that the 

learner's productivity indicates the level of his or her leming effectiveness in the 

acquisition of new information. It is defined as the ratio of amount-learned to 

prior-knowledge (output to input) and, as pointed out, influences the learner's 

performance during the leaming process. Availability-, on the other hand, has an 

important inter-relational role between the learner's available knowledge and his or her 

productivity- from one side, and the impact of learning-reinforcen on the availabiiity- of 

the current knowledge from the other side. This parameter has been created to 

demonstrate the relevant concept discussed in Chapter 4.4. Availability- connects the 

main chah of the student learning abilities to three important dimensions of expectancy-, 

level-of-effort, and level-of-performance. 

The remaining components; willingness-. mark-of-desire, perceived-assessment, 

student's-perceived-availability, forecast-adjustment, allocated-tirne-factor, target-info. 

and adjustment-fraction, represent the other important characteristics within a 

teachinflearning system and are defined and detailed in the List of Equations (Appendix 

r) based on the previous discussions in chapter 4 and 5. 

6.3.2 Feedback Mechanisms 

Several feedback mechanisms are included in the model (Fig. 6.9). Four of these loops 

have a determining effect on the resulting behavior of the system. Two loops are acting 

merely in the leamer's ability (to leam) side. One loop is acting in the student's 

performance side which demonstrates the impact of subject matter. And the 1s t  loop, 



which is the largest loop, is acting in the teaching system side. These four loops are 

described here in detail. 

1. The Leamer's Abilitv (to Learn) Mechanisms 

The first mechanism acts dong the main chah running from the stock of 

hooks~under~development to the stock of hooks-in-memory, and from there to the 

arnount-learned and to the coding and finally back to the flow of taking. This Iinkage 

closes a feedback loop in which as the arnount of incoming information (lecturing) 

increases, the form-oriented learner will take more and make more 

hooks-under-development. This leads to a higher rate of completin& (the hooks and 

strings of information) and subsequently, more hooks-for-repetition. A higher number 

of hooks-for-repetition, inevitably increases the rate of repeating and the amount of 

hooks-in-memory respectively. The amount-Iearned will increase and, accordingly. 

causes an increase in the categorizing and codinc ability of the form lemer. This, in 

return, will facilitate the flow rate of taking_. The reinforcernent of taking is one of the 

feedback mechanisms included in the mode1 for responding to changes in the amount of 

incoming information. Thus, the feedback loop starts with an increase in the amount of 

hooks-under-development and feedback to taking_ makes it increase more. This 

phenomenon is the characteristic of a positive feedback loop that tries to reinforce the 

process. As stated in the previous sections. when any variable in a positive loop changes, 

the resulting interactions cause that variable to change further in the same direction. The 

positive loop. in other words, characteristically produces self-reinforcing change 

(unrestrained growth). 

The second mechanism acts in parallel to the first one. keeping the sarne track but 

diverts from hooks-in-memory to availability-. Thus, an increase in 

books-under-development, ultimately, increases the hooks-in-memory. The result is an 

increase in the availability- of the information that gives rise to a higher 

student's-perceived-availability. A higher perceived-availability, subsequentl y, 

decreases the student's forecast-adjustment This, in retum, leads to a negative impact 

on the flow of taking and a subsequent decrease in the hooks-under-development. 

Summing up, the lcmp starts with an increase in the hooks-under_development 

and the feedback to books-under-development makes it decrease. This phenomenon is 



typical behavior for a negative feedback loop. As mentioned in the previous sections, 

when any variable in a negative Ioop is changed, then the loop causes that variable to 

readjust in the opposite direction. The negative loop produces self-regulating change 

(controlling and restorative behavior). And so, an initial increase in the number of 

hooks-under-development propagates a signal around the loop. which leads to an 

evennial decrease in the level of this stock. The loop thus acts to counteract the initial 

change. 

In summary, it is obvious that the overall behavior of the learning ability of the 

learner is almost the result of the interaction between these two feedback loops. a positive 

feedback loop that acts in the bbcoding" side, and a negative feedback loop that acts in 

the "availability-'* side. 

2. The Student's Performance Mechanism 

The other feedback loop that has a major effect on the behavior of the overall learning 

system acts along the student's "performance" side (down to the right of the diagram). 

This loop may either act as a negative or a positive feedback loop. The way it works 

depends upon the direction or the resulting direction of changes in the involving biflow 

rates. 

This loop starts with the stock of hooks-in-rnemory. Note that an increase in 

hooks-in-memory, concurrently, increases the arnount-leamed by the student. This, in 

tum, increases the student learning productivity- and availability- of the knowledge 

respectively. The result is reinforcement in the positive direction of 

change-inexpectancy which subsequently leads to an increase in student's expectancy- 

for a higher achievement. The increase in expectancy- has a direct impact on the 

student's expected mark-of-desire. and at the sarne time. on the w illingness-, as 

discussed in Chapter 4.3. However, if change-in-performance and change-in-effort 

biflows tend to be in positive directions, then they result in subsequent increases in 

level-of-performance and level-of-effort respectively. 

On the other hand, mark-of-desire and willingness are the target levels for the 

level-of-prformance and level-of-effort respectively. Therefore, the rate of change in 

each biflow depends directly on the difference between the value of each reservoir and 

the value of the corresponding target level. Even though an increase in the 



level-of-performance reinforces the positive direction of the change-in-effort which 

subsequently increases the level-of-effort. The increase in level-of-effort. strengthens 

the rate of repeating and generates more hooks-in-memory. Needless to Say, the 

resulting effect is a typical behavior of a positive feedback loop. As mentioned earlier. 

when any variable in a positive loop changes, the resulting interactions cause that 

variable to change further in the same direction. 

Two points are worth mentioning. First. the biflow of change-in-effort is under 

the influence of allocated-tirne-factor. This converter represents the time dimension of 

the effort that a student puts into different leaming tasks. Second, the biflow of 

change-inexpectancy is under the influence of test in^. Note that testing, as discussed 

in Chapter 5.3. comprises three major types of questions: (1) rote-type (true/faIse. 

multiple choice and shortnong answer questions). (2) clsd-prbm-slvg (closed problem 

solving type questions) and (3) opnqrbm-slvg (open problem solving type questions). 

The value of testing in the model is defined by the following relation: 

w ,  x r  + rv, xcps + w,, xops 
Value of testing- = 

wr + WCP$ + W U P S  

where 

w, = weight percent of rote-type questions 

w,, = weight percent of close problem solving type questions 

w,, = weight percent of open problem solving type questions 

r = value of the rote-type questions in the teacher's view 

cps = value of closed problem solving questions in the teacher's view 

ops = value of open problem solving questions in the teacher's view 

In the base case of the model, it is assumed that a form-oriented teacher represents 

the teaching system. It is obvious that forrn-oriented teachers normally intend to ask 

questions or create tests with higher weight percentages of the types of questions that 

they prefer the most (i.e., more rote-type and less closed problem-solving type). 

Conversely, function-oriented teachers normally intend to ask questions and create tests 



while they give more weight to the open problem-solving and closed problem-solving 

type questions. 

In the meantirne, each of these types has its value in the teacher's view. Form- 

oriented teachen assign higher values to rote-type questions while function-onented 

teachers assign higher values to the problem solving types questions. %y assumption. the 

following values (out of 5) have been considered for each type of question in a fom and 

hinction's view respectively and may be used in the base model: 

questions solving solving 

Form-onented teacher 5 3 O 

Function-oriented teacher 0.5 

Since both the form teacher and the form leamer prefer the first two types of 

questions, the better a testing represents these two types of question. the higher the 

expectancy- of a form-oriented student. and the higher she sets his or her 

mark-of-desire. Subsequently, the higher slhe sets his or her mark-of-desire. the better 

s h e  performs. But, as mentioned in the counteracting feedback relationship. the loop 

also rnay change conversely. That is. the less testinc represents the form student's 

preferred question types (if Say. for instance, the teacher is a function-oriented 

individual), the lower his or her expectancy- for a better achievement and subsequently. 

the less his or her mark-of-desire and the worse s/he wouId perform. 

3. The Teachine: Side Mechanism 

The largest feedback loop mechanism acts dong the "teaching" side (top left) of the 

model. This loop, again, may either act as a negative or a positive feedback loop. The 

way it works depends upon the direction (or the resulting direction) of changes in the 

involving biflows. This feedback loop could be tracked as mentioned below. 

The "teaching" loop starts with the stock of quantity-of-info. The level of this 

stock (the total accumulation of information presented at any time) is controlled by rate 

of change-in-quantity-of-info. The biflow of change-in-quantity-of-info may change 

direction in either positive or negative side to regulate the level of the stock, based on the 



amount of target-info (as is preset by the teaching systern for each lecture, here for 

instance, in the base model, Say it is set as 200 pieces of information) and 

adjustment-fraction (as is adjusted by the teaching system based on the feedback 

received from the student ' s level-of-performance). 

As the level of quantity-of-info increases, provided that the type-of-info is at its 

appropriate value for a form learner, the quality-of-teaching increases. The increase in 

quality-of-teaching has its reinforcing effect on the student's learning_reinforcers and 

subsequentl y on the student's availability- of knowledge. The more the availabili ty- of 

knowledge, the greater the expectancy-, the higher the mark-of-desire. the better the 

performance, and finally, the larger the adjustment-fraction. This means a higher flow 

rate of information to the stock of quantity-of-info. Note that for the sake of having a 

neat diagram, the connector that links level~of~perfomance to the adjustment-fraction is 

not shown in Fig. 6.9. 

It is worthwhile to notice the role of type-of-info in the teaching side of the 

model. In fact, it represents what is flowing, via lectunng, from the teaching system to 

the :eaming side (learner). The different types of information within a lecture were 

recognized and classified in two sets; "main set" and "testing (auxiliary) set," as 

discussed in the previous chapter. On this side, the model shows the types of information 

that are included in the ""main setT* narnely memory-info (memorizing type - rote info), 

relrote-info (relationship-type info - rote oriented), relreal-info (relationship-type info - 
real), procedure-real (procedure-type info - real) and procedure-rote (procedure-type info 

- rote oriented). The four types of the "testing set" have been reduced to three types and 

are shown as constituents of testing in the right end of the diagram (Fig. 6.9). They are 

part of learningreinforcen like the quality-of-teachinc and other-reinforcen that were 

dealt with earlier. The value of type-of-info is detennined by the following fornula: 

a X w a + b ~ w b + c ~ w , + d ~ w d + e ~ w ,  
Value of type-of-info = 

W u  + W b  + W C  + W d  + W, 
where 

w = weight % of each type of information in the lecture presented by the teaching system 

a = memorizing type information 



b = relationship-type info - rote oriented 

c = relationship-type info - real 

d = procedure-type info - real 

e = procedure-type info - rote 

In the base case of the model, it is assumed that a form-oriented teacher represents 

the teaching system. It is obvious that, fom-oriented teachers normally are giving 

lectures with higher weight percentages of the types of information they prefer the most 

(Le., memory type, relrote, and procedure-rote). Conversely, function-oriented teachers 

prefer these three types of information less and present lectures with higher weight 

percentages of relreal and procedure-red. In the meantirne, each of these types has its 

value in a teacher's view. Fom-oriented teachers assign higher values to a, b and e while 

hinction-oriented teachers assign higher values to c and d. 

By assumption, the following values (out of 5) could be considered for each type 

of infonnation in a fonn and function's view respectively and may be used in the base 

model : 

memory relrote relreal procedure procedure 

type real rote 

Form -0riented teacher 5 4 1 1 5 

Function-orien ted teacher 1 2 5 5 I 

In general, the last two feedback loops described above act on two sides of the 

model (teaching and leaming) and due to the bi-directional efTect of their biflow rates, 

seek eventually either goal-maintaining or a growing pattern. At the same time, some 

smaller loops exist in the model that behave locally and generate their limited effect on 

the system. Consequently, the overall behavior of the teachinglleaming process is the 

resulting behavior produced by al1 of the mentioned loops. 

6.3.3 Behavior of the System 

Refemng to Fig.6.9, and List of Equations (Appendix I), it can be seen that the 

simulation starts with an initial stock of the hooks-under-development of O hooks, a 



prior-knowledge of 10 hooks about the subject matter, an initial interest-in-subject of 

0.01 (1%) and an initial quanity-of-info of O hooks. The other initialization values are as 

defined and assumed in the List of Equations (Appendix I). The time horizon for the 

model is assumed to be 45 normal minutes, narnely the Iength of a regular lecture. 

As the lecture starts, the flow of lecturing sends the desired quantity-of-info to 

the mind of the leamer. The form learner begins to receive the information at the rate of 

taking, At this stage, as each piece of information moves to the stock of 

hooks-under-development, it will be classified. coded, and adjusted as well. The stock 

of hooks-under-development represents the learner's Short-Term Memory (STM) in real 

Me. To be consistent with the reality, the model assumes that some information is leaked 

from the stock and has gotten lost during the information-taking process at the flow rate 

of waste-. As discussed earlier, the rate of waste- is controlled by waste-fraction. 

Again, as mentioned earlier, the value of waste-fraction is determined by two factors: 

leamingstyle-incompatibility and the amount of constraints-. Note that the lower the 

learning-style-incompatibility (say, for instance, both teacher and learner are forrn- 

oriented individuals), the smaller the waste-fraction, the lower the rate of waste- and the 

higher the level of hooks-under-development. 

Therefore, as lecturing proceeds, the flow of taking sends more hooks to the 

stock of hooks-under-development. The flow of completing takes the information from 

the upstream stock and places them as the completed hooks in the stock of 

hooks-for-repetition. The rate of completing is reinforced by three factors: the level of 

student's interest-in-subject (shown as a stock). and the arnount of both 

interest-insade, and interest-in-use (shown as converters). If the type of information 

received by the form-onented learner is compatible with his or her preferences (almost 

rote-types), then learning_style-incompatibility between the teaching system and the 

iearner would be at its minimum. Again, the lower the value of 

leaming_style-incompatibility. the lower the waste-fraction, and the less is the variation 

in the level of student's interest-in-subject. 

The stock of hook-for-repetition is represented by a conveyor type stock. The 

time that it takes that each piece of information finds its location in the episodic memory 

of the learner's Long-Tenn Memory (LTM) has been considered as a variable. The in- 



flow capacity and transit time for the conveyor Vary for different fom-oriented learners. 

The maximum inflow capacity for the hooksfor-repetition in the base mode1 is assumed 

to be at most 20 hooks of information. Also, the transit time (the time it takes for each 

piece of information to get off the conveyor) for the conveyor is assumed to Vary. (Refer 

to the List of Equations in Appendix I) 

The flow of repeating takes each hook of information from its upstream stock 

and after required repetition implants it into the student's LTM (hooks-in-memory) as a 

permanent trace. The rate of repea t in~  is regulated by the stock of student's 

level-of-effort and is reinforced by the impact-of-othecvalues. Note that three of the 

student 's perception of task value (interest-in-subject, interest-in-grade, and 

interest-in-use) have been already defined and modeled in the diagrarn (Fig. 6.9). The 

impact of the remaining six values (pride in future profession. self-worth, security in 

future job, social obligation, bandwagon effect and association with something one likes 

- as discussed in Chapter 4.3), are represented by a single converter for the sake of 

simplicity. 

Maximum level of both hooks-under-development and hooks-for-repetition 

happen between minute 8 and 9. This c m  be found from the Table of Base Run in 

Appendix II or Fig. 6. 10 (Graph of Base Run for a form-oriented leamer). This fits the 

reality quite well, especially when one notices the large amount of new information that 

is usually presented by the teacher nght at the beginning of each lecture. Normally, as 

the lecture proceeds, the rate of the presentation of new information decreases and the 

content of the lecture, more or less, is focused around the expansion of the topics that are 

presented in the beginning of the lecture. 

The maximum level of hooks-in-memory happen at the end of the simulation 

period and is approximately about 15 hooks. The maximum interest-in-subject is about 

0.7 (out of 1.0) and again happens at the end of the lecture. Also, the 

level-of-performance reaches its maximum; 60 out of 100, at the end of the period. 

Again, this value can be read either from the Table of Base Run in Appendix II or from 

Fig. 6.10. 
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Fin. 6.10: G r a ~ h  of Base Run for Fonn-oriented Learner (Part 1' 

The simulation may be mn for the analysis of other variables as well. Note that 

Fig. 6.1 1 demonstrates a second graph of Base Run for the other five major variables. As 

shown in the graph, the flow rate of waste- reaches its maximum at minute 7 and then 

keeps descending at an aimost uniform rate as the lecture proceeds to the end. The reason 

why the rate of waste- is at its maximum at minute 7 may be found in the large amount of 

new information that is normally delivered by the teaching system at the beginning of the 

lecture. The sharp ascending pattern of the graph for the first 7 minutes fits nicely with 

what is happening in the reality. hterestingly. as the teacher gives more explanation 

about the topics (iearning objectives), which usually happens after the first 5-7 minutes, 

the rate of waste- then decreases. 

Two variables, arnount-Iearned and productivity, follow a comrnon track. Both 

variables show a continuous increasing trend. These two variables have been defined, 

simply by using the cognitive algebra concept, as discussed in Chapter 3, as shown 

below : 

amountJeamed = prior-knowledge + hooks-in-memory 

and productivity = (amount-learned) 1 pnorJcnowiedge 



- . . . .  

Fip.  6.1 1: Graoh of Buse Run for Fonn-oriented Learner (Pan [Il  

Note that the simulation begins with a prior-knowledge of 10 and the 

1: d (Gr@ of Base Run) MINUTES 1-PM 3/15/90 

hooks-in-memory of O hooks. This means that the initial productivity- is equal to one. 

At the end of lecture, the form-oriented learner acquires 14.5 more hooks and 

consequently the productivity_ ratio increase to 2.45. 

Also, the 80w of taking starts at an initial rate of 0.7 hooks per minute and ends 

at a rate of 0.2 hooks per minute. In the mean time. the quantity-of-info delivered by the 

teaching system starts at O and is accumulated at the final level of 200 pieces of 

information by the end of the lecture. The panems of behavior of these two variables 

over time seem very promising. As the lecture proceeds, the Iearner gets more detailed 

information about the topics ai hand, becomes more familiar with the subject matter, and 

consequently adjusts (reduces) his  or her rate of taking_ accordingly. 

As mentioned earlier, the behavior of any other variable can be simulated and 

tracked on the sirnilar graphs (or tables). The Table of Base Run in Appendix II shows 

the behavior of al1 of the variables involved in the simulation model over 45 minutes of a 

typical lecture period. The interested reader can refer to this table and observe how each 

variable wifhin the base model changes value minute after minute. 



6.3.4 Experimenfal Runs 

A number of experiments (8 - 10) were carried out with the simulation model in line with 

step 4 and 5 of system dpamics method (Chapter 4.1). The intention was to examine 

different policy alternatives and to determine which policies show the greatest promise. 

The alternatives were chosen mainly from the experience of the analyst and also from 

intuitive insights generated during the first three stages of the system dynamics. 

Although, in a complex system like teachingllearning, there would be many competing 

criteria for defining failure or success, nevertheless different scenarios of favorable 

performance might be identified. In addition, the better alternative behaviors would often 

corne from changing the system base structure. 

To keep concise, only four experiments are discussed in this section. These 

simulation experiments were carried out to gauge the effects of prior-knowledge, 

memory-info, and rote-type (questions) as policy variables on the learning behavior of 

the form-onented leamer. Al1 of these variables have been chosen intentionally. Pnor 

knowledge represents one of the student's trait variables in the model, while 

memory-info and rote-type represent the characteristics of subject matter and teaching 

system respectively. 

Experiment # 1 : 

A sensitivity analysis was made of the student pnor-knowledge for 10, 20 and 30 hooks 

of information to gauge its effect on the rate of completing- (Fig.6.12a). 

Experiment # 2: 

A sensitivity analysis was made of the memory-info for the weight factor of 5, 10, and 15 

to gauge its effect on the productivity- of the fom-oriented learner (Fig.6. 12b). 

Experiment # 3: 

A sensitivity analysis was made of the memory-info for the weight factor of 0, 5, and 10 

to gauge its effect on the level-of-perormance of the form-oriented leamer (Fig. 6.12~). 

Ex~eriment # 4: 

A sensitivity analysis was made of the rote-type (questions) for the weight factor of 0, 5, 

and 10 to gauge its effect on the student's expectancy- for a mark-of-desire (Fig. 6.12d). 



Fin. - 6.12~:  Comwrative Graph for Exveriment I 

Fip. 6.126: Cornmrative G r a ~ h  for fi~eriment 2 



Fip. 6.12d: Commmsive G r a ~ h  for Exneriment 4 
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Effects of other policy variables like interest-in-subject leming_style 

incompatibility, quality-of-teaching, level-of-effort, and other-reinforcers have been 

investigated as well. However, the discussion of results of the above four expenments 

woutd suffice and serve the purpose of this study. 

6.3.5 Results of Experfments 

To examine the results of the above experiments, the data at four points of interest 

(minutes 1 1.25, 22.5, 33.75 and 45.0) were extracted from Fig. 6.12% 6.12b, 6 .12~  and 

6.12d respectively, and tabulated as shown in Table 6.2. The similar results of the Base 

Run are also included, so then the changes in the learning "behavior" of the form-onented 

leamer would be more obvious. Note that the data of Base Run for minutes 1 1.25, 22.50, 

33.75 and 45.00 have been extracted from the Table of Base Run in Appendix II. 

Rate of completing, productivity, levei~of~performance, and expectancy- are 

taken as the measures of change in the behavior of the system. These choices look 

reasonable as everything runs on the rate of acquisition of knowledge (here, in this case, 

on the rate of completing- new hooks of information in the memory). Besides, the level 

of the acquisition of knowledge could be evaluated based on the productivity-, 

level-of-performance, and the expectancy- of the form-oriented leamer, for his or her 

mark-of-desire. 

The results of Experiment #1 indicate that the higher the initiai level of prior- 

knowledge about the subject, the lower the student's rate of completing- would be. This 

means that a form-oriented leamer with more prior-knowledge about the subject at the 

beginning of the lecture, is more "efficient" in absorbing the new incoming pieces of 

information and hence, more relaxed in processing the information (here, read it as: 

slower in the rate of completing books of information in his or her memory). 

The difference in the rate of completing- is more evident at the beginning of the 

lecture. As shown in Fig 12% for al1 of three runs, the rate of completing_ reaches its 

maximum in the first ten minutes of the lecture and then keeps decreasing for the rest of 

the lecture. Note that this pattern of behavior is quite consistent with what happens in 



Table 6.2: Results of Sensitivitv Analvsis 

- - 

Minute 11.25 Minute 22.5 Minute 33.75 Minute 45 

0.2 1 

2.45 

5 1.44 

0.66 

Base Run (prior-knowledge = 10.0) 

completing 

productivity- 

Ievel,of,performance 

expectancy- 

briment # 1 completing_ 

prior-knowledge: Run 1 = 10.00 

Run 2 = 20.00 

Run 3 = 30.00 

Ex~eriment # 2 productivity- 

memory-i nfo: Run 1 = 5.00 

Run 2 = 10.00 

Run 3 = 15.00 

Ex~erirnent # 3 

level-of-peformance 

memory-info Run 1 = 0.00 

Run 2 = 5.00 

Run 3 = 10.0 

Experiment # 4 expectancy- 

type-O f-info Run 1 : 0.00 

Run 2 : 5.00 

Run 3 : 10.00 

reality in the teaching/learning environments. Upon beginning a lecture, the teacher 

usually starts with the presentation of the topics and introduction of the learning 

objectives. Then, s/he uses the rest of the time of the class, to expand around each topic 

and go into the details. The student, on the other side, knows well that slhe must build 



more hooks of information in the beginning to hang the other infomation incoming later 

ont0 them. (Refer to Chapter 5 - Fig. 5.6a and 5.6b and see the example short lecure 

experiment that shows how a forrn-oriented learner treats incoming information in the 

beginning of the lecture.) 

Comparing the values of completing_ at minutes 11.25, 22.5, 37.75, and 45 

implies another finding. With a prior-knowledge of 10 hooks (Base Run), a student has a 

harder job to do in contrat with a student with a prior-knowledge of 20 or 30 hooks. In 

fact, as the prior-knowledge about the subject increases, the rate of completing shows a 

more promising pattem of behavior. For instance, the rate of completing for a student 

with prior knowledge of 10 (Run 1 in Experiment # 1) varies in a larger span than of the 

student with a prior-knowledge of 20 (Run 2 in Expenment # 1 )  or 30 (Run 3 in 

Expenment # 3). This can be seen in the diagam of Fig. 6.12a. The rate of completing- 

for Run 1, starts at O in the beginning, reaches its maximum (0.50) at minute 7, and ends 

up to 0.21 hooks per minute at minute 45. Compare these values with the values of 

completing in Run 3. Here, the rate of completing starts at O in the beginning, reaches 

its maximum (0.18) at minute 8, and ends up to 0.15 hooks per minute at minute 45. 

What are the differences? Obviously, the form-onented leamer in Run 3 has an average 

completing- rate of about 0.15 - 0.18 hooks per minute over the whole period of the 

lecture except for the first few minutes, which is normally expected. This, of course. may 

be interpreted as less pressure on the student's mind and more stable behavior in the 

process of knowledge acquisition. Run 2 shows a similar pattern as Run 3. 

On the other hand, according to the results of Experiment # 2, as the teacher puts 

more value on the memory-info and delivers a lecture with a higher content of memory- 

type information, the form-oriented learner's productivity- would be higher. As shown 

in Fig. 6.12b, doubling the memory-info content from 5.00 to 10.00 would result in, 

more or less, about a 10% increase in the student's productivity-. Even another increase, 

this tirne 50%. would give a better productivity- (Run 3 in Table 6.2). Again, this fits 

very wel1 with the reality if one notes that a form-onented leamer is highly productive 

when slhe receives information in his or her type of preference. Worth mentioning is that 

if the teacher uses other rote-type infomation like relrote-info and procedure-rote in his 

or her lecture, the pattern of the behavior would be similar to that shown in Fig. 6.12b. 



Conversely, if the teacher gives a lecture with more stress on relreal and procedure-real, 

the form-learner definitely will be in trouble and his or her productivity- will decrease. 

Experiment # 3 is to gauge the effect of the sarne input variable (memory-info) on the 

student's level-of-performance. As shown in Fig. 6.12~. if the teacher uses no 

memory-type-info in his or her lecture, the form-leamer's achievement falls below the 

"passing zone" and is about 42%. ui such cases, the teacher rnost likely is a function- 

oriented individual and the forrn-oriented student will be at risk. ln contrast, as the 

teacher uses memory-type info with 5 or 10 weight factors, the student's 

level-ofqerformance increases to 5 1 A496 and 75% respectively. Interestingly, the 

doubling of memory-info content from 5 in Run 2 to 10 in Run 3 results in about 50% 

increase in the student's level-of-performance. The mode1 assumes that the continuous 

assessment of the student's achievernent during a lecture is feasible and practical. 

Experiment # 4 is complementary to Experiment # 3 and demonstrates the effect 

of different types of testinc on the student's expectancy-. Testin& could be occasional 

short oral questions dunng the lecture or a written short quiz. The important issue is the 

type (or orientation) of testing. If the teacher asks no rote-type questions (memory 

oriented yes-no, trudfalse, shortnong answers questions) in his or her testinc, the form- 

oriented learner presumes a lower level of expectancy- for success. in obtaining a passing 

grade. In this case, the teacher most likely is a function-oriented individual and hence, 

the fom-oriented student would be definitely at risk. Apparently. as the teacher uses 

rote-type questions in his testing , say, for instance, at a weight factor of 5 (Run 2 of 

Fig. 6.12d), then the student's expectancy- rises considerably and results in a higher 

mark-of-desire accordingly. Furthemore, if the teacher doubles the arnount of rote-type 

questions (Run 3 of Fig. 6.12d), the student's expectancy-, more or less, increases by 

150% (Table 6.2 ). Once more one c m  observe the role of different types of issuing 

information by a teacher, whether they are part of "main set" or "auxiliary set," as 

defined in Chapter 5.3, on the student's achievement. 



6.4 Learning Model of a Function-Oriented Learner 

6.4.1 Descflpttion of the Base Model for a Function-Oriented Learner 

As mentioned in section 6.2, the system flow diagram for the leaming process of a 

function oriented learner is the same as Fig. 6.9 except for the main chain of the model. 

(Refer to Tabk 6.1: Defined Variables for the Proposed Models of TeachinglLearning 

Process.) To be bnef and to prevent mentioning repetitive materiai, in this section. only 

the main differences are discussed. 

The main chah of the system flow diagram for the leaming process of a function- 

oriented learner is shown in Fig. 6.13. The definition of each variable except for the main 

chain is the same as described in the List of Equations (Appendix II). The definition of 

each variable in the main chah is given as the following. 

Refemng to Fig. 6.13. the main chain infrastnicture represents a sequence of 

stages through which the information flows in the mind of a functionsriented learner. 

Note that the specific nature of flows varies. depending on the specific situation of each 

stock. The chah is fed by a single flow (taking). A non-conserved system is 

demonstrated by the stock of relationships-under-study. The cloud on the left hand side 

waste 

structures in memory 

talong 
t 

- 

O 
finishing 

Fia.6.13: Main Chain of the Svstem Flow Dia~ram for a Functrion-oriented Leamer 



of the flow of taking depicts the boundary of the model. It represents an infinite source 

for the taking flow, as shown. Again, for the purpose of this model, it does not matter 

what is in the cloud. 

In this model, flow or taking_ is receiving each piece of the incoming information 

fiom the teaching system and placing it into the mind of the function-oriented leamer 

(stock of relationships-under-study). The fiow of waste- drains the stock of 

relationships-undetstudy at a rate that is controlled by the level of the stock itself and 

the waste-fraction (not shown in the diagram). 

Flow of evaluating- takes the relationships from the stock of 

relationships-under-study and places them in the stock of structures-to-form. In fact, 

each incorning information to the mind of the function leamer is seen as for a relationship 

that has to be evaluated in view of its significance. 

As shown in the diagram. an oven-type stock represents the state of 

structures-to-fom in the rnind of a function-oriented leamer. Two interesting points are 

worth mentioning. First. by assigning different capacities and fil1 time to the oven, 

different types of function-onented minds can be detailed and modeled. Capacity tells 

how much information the oven can hold. The oven will close its doors and begin 

processing iü contents when capacity is reached, or fil1 time is expired - whichever 

cornes first. Note that both capaciiy and fil1 time may be assigned srnall or large values, 

and so, make the andyst's job easy or difficult. Second, oven cook time (processing 

tirne) cm be set to a constant or it can be made variable. In so doing, different situations 

can be defined for a function-oriented learner. For example, if the teacher is a fom- 

oriented individual and delivers memory type information rather than relationship-type 

information, which is the student's more preferred type information. the oven can be set 

to use long fil1 times and small capacity to represent capacity-constrained situations. 

Finally, the flow of finishing completes the learning task by taking each would- 

be-structure from the stock of stnictures-to-forni and placing it into the stock of 

structures-in-memory. The flow of finishing is under the direct influence of the amount 

of the structures-to-form and level-of-effort (not shown in the diagram). In other words, 

a~quisition of knowledge is viewed as smdent effort-based activity as well. Knowledge 



is acquired by the function-oriented type student when s/he puts effort into the leaming 

task over a certain period of tirne as defined. 

6.4.2 Feedback Mechanisms 

The same number of feedback mechanisms as discussed for the model of form-oriented 

learner are included in the model. Similarly, two of these loops have a major effect on 

the resulting behavior of the leamer. As discussed in 6.3.2, both of these loops act in 

parallel dong the main chain, running from the stock of relationships-under-study to the 

stock of structure-in-memory, and from there each diverts in a different direction. For 

the sake of brevity, the material will not be repeated here. 

6.4.3 Behavior of the System 

The behavior of the system is the same as discussed in section 6.3.3 (for the form- 

oriented) learner. By assigning initiai values to each of the stocks and converten, the 

simulation mode1 may be mn. The initialization values could be defined and assumed in 

the same way as described in the List of Equations for the form-onented leamer 

(Appendix 1). The time horizon for the model is assumed to be as 45 minutes, that is; the 

length of a regular class lecture. 

The only main difference between the two models is the nature of the pieces of 

information that are flowing through the main chain. In the case of a form-oriented 

learner, the nature of knowledge was based on the hooks of information. In contrast. in 

the case of a function-oriented learner, the nature is based on the structures of 

information. The model has properly taken care for this difference. The use of a 

conveyor type stock in the form-oriented case and an oven type stock in the function- 

oriented account for this major difference. 

6.5 Assumptions and Simplifications 

The proposed form-function model of teachingllearning in this chapter is the first attempt 

in a chain of rnodels that will evolve from this study. The structure of the present model 



provides a principal backbone for hiture models that necessady will have more 

complicated components and linkages. However, while the present mode1 includes al1 

the major variables of a teachingAearning process, it is founded on a few assumptions to 

maintain its simplicity at this stage. These assumptions as well as simplifications are as 

follows: 

Because of the irnprecise non-physicai nature of a teaching/learning process, any 

attempt to model this process in a quantitative manner must be influenced by the 

subjective experiences, backgrounds, and beliefs of the modeler. Therefore. in the 

system dynamics model presented hem, one must expect a degree of subjectiveness in 

the selection of variable values used in the equations. The values are based on the 

"best judgement" of the researcher. CIearly, any other researcher might end up with a 

different set of values. This in no way invalidates this work. 

Since modeling is an emerging process, any "model" represents only one of a 

sequence of models, that provide insight to the situation and form a bais for 

continued evolution. The model worked on in this study is presented in this spirit. 

This mode1 is to be viewed as a vehicle that can be used to identify the important 

dimension of form-function orientation for implementing policies and tracing the 

resulting behavior of a teachingearning process. 

The focus in the proposed model is mainly on the learner or learning side of the 

system. The reason can be seen in the fact that the two other sides of the systern, 

teaching system and subject matter, have complementary roles in a teaching/learning 

system and serve the learning side. Hence, the characteristics of the teacher system 

and the subject matter are not defined and detailed like the learning side in the 

proposed model. Each of these sides should be detailed and worked out in a sub- 

model with its characteristics* constituents. 

The obtained results are valid only for the particular student under the conditions and 

limitations defined in the boundary of the system. Each individual student, whether 

form-oriented or function-orienteci, has his or her particular traits that in similar 

situations may give or not give rise to an identical pattern of behavior. 

The only student's task value that is represented by a stock-flow combination in the 

proposed model is interest-in-subject. The two other major student task values 



namely, interest-in-use and interest-insrade have been introduced by simple 

converters. While, it is assumed that these two values remain constant during the 

time of study (i.e., during a 45 minutes normal lecture), nevertheless, this assumption 

is not so far from reality. Considering their negligible change in short-term, these 

values cannot Vary much to any extent during a limited lecture period. 

Also, dl of the other values (pride in future profession, self-worth, secunty in future 

job, social obligation, association of the task with something one likes. choice of 

subject, and bandwagon effect) are presented with a single converter (other-values). 

Each of these values is a cornplex variable that demands to be defined separately and 

be assigned an appropriate weight factor. Needless to Say, some of these variables 

have reciprocatory inter-relationships with each other. 

Willingness-, despite its complexity, also has been represented by a single entity. 

This major learning driver shouId be demonstrated in its own stock-flow combination. 

To reduce the weight of this inadequacy in the present model, willingness- is defined 

as a graphical function and is represented by a graph that is a function of changes in 

the student's expectancy-. 

Only two external reinforcement factors, quality-otteaching and testin& (method of 

assessment). have been defined in the model. The other five factors (institutional 

factors, nature and content of the task, feedback from the teacher, satisfaction with the 

university, and interpersonal relations) are represented by a single converter 

(other-reinforcen). In a more complete model of teachingnearning, these factors 

should be represented by separate entities. Also, the interactions between the 

reinforcement factors themselves have not been shown ( i . .  effect of 

quality-of-teaching on testin& and vice versa). However, the effect of these 

interactions in a short term (during a lecture period) is minor and may be neglected. 

"Knowledge" is the sole content of al1 of the fiows and stocks that are located on the 

main chain of the model. It is assumed that the unit of knowledge taking, knowledge 

processing, and knowledge storing for a form-onented learner is well represented by 

"hooks of information." On the other hand. the unit of knowledge-taking, 

knowledge-processing, and knowledge-storing for a function-oriented leamer is 

assumed to be well represented by "smctures." 



10. Other rniscellaneous assumptions and simplifications that have k e n  made but are not 

limited to absence of some environmenial variables in the model, continuity of 

testing, introducing productivity- (that seems somehow in conflict with the basic 

concept of productivity). availability- (that does not seem to be a perfect term for the 

concept it represents), simple approach to the definition amount-learned and some 

other minor items. 

6.6 Summaw and Conclusion 

The modeling effort made on the learning process in this study is a unique combination of 

educational metrics and engineering simulation programs. On one side, the w ork consists 

largely of inferences drawn from available educational experience and viewpoints with an 

absence of a defensible, universal mechanism. On the other side, it relies heavily on a 

series of activities drawn from a methodology of system dynamics to build a solid 

engineering frarnework for the reinforcement and improvement of the process. 

The four sensitivity analyses discussed earlier in this chapter demonstrate that the 

behavior of the proposed mode1 seems quite persuasive and promising. At the sarne time, 

the four example experiments attest to the strength of the system dynarnics approach in 

predicting changes in behavior of a leamer when using different policy actions. The 

important characteristic of the methodology used here is its power to show the insight of 

the system or the understanding of what is happening in the system. As one c m  observe, 

unlike methodologies that focus only on an ideal future condition for a system, system 

dynamics reveals the way one arrives at the present and then, in a later step, the path that 

leads to improvement. 

The simulation tests described in this chapter, determine which policies show the 

greatest promise and how the study cm work toward a consensus for implementation of 

the policies. Influence of a combination of two or more policies on the behavior of the 

system can be examined as well. For instance, in the model of a form-oriented student, a 

learner at prior-knowledge of 20 interacting with a type-of-info of 10 (issued from the 

teaching system) can be taken as an alternative option. In general, by compaxing the 



resulting behavior of the Ieaming system under different options, the most appropriate 

policy or course of action can be identified. This step, would eventudly, direct the study 

to the last step of system dynamics (Chapter 4.1). In fact, this study is now at a position 

that can make a concIusive statement related to the results of the experiments. The 

conclusive statement will clarify the standpoint of this study on how one cm impiement 

changes in the policies and structure of a teachinglleaming system for the purpose of its 

improvement. 

One can thus concludes that: The Base Model for a teachinflearning system, and 

al1 of the experiments performed by the study on the Base Model, were strongly under the 

influence of the fom-function dimension of the learners and the teachen. This dimension 

is so powerfd that has a primary role in analyzing any teachingllearning process. The 

literature search in this study (Chapter 2 and 3) bears witness to many dimensions and 

aspects that exist in the field of teaching and leaming. However, what this study has 

done is to highlight a dimension that by itself takes into account al1 of the other 

dimensions (Le., lecturing, discussion, demonstration, etc.). 



Chapter 7 

Conclusion 

The proposed form-function theory for the types of learner, provides a new ground for 

analyzing, understanding, and re-engineering of the teaching/leaming processes. This 

theory is based on a "systems as cause" thinking approach and. hence, looks at the 

systems or processes as the cause of their performance as opposed to their performance 

being merely determined by outside forces. By conceptualizing how form-oriented and 

function-oriented Iearners and teachers really work and interact with each other (their 

"physics"), the theory provides a better likelihood for undentanding how to make a 

teachingllearning systern work better. The proposed theory is a powerful vehicle for 

measuring intangible variables that are involved in teachingllearning systems. In this 

chapter. a summary of the research and directions for funher work is provided. 

7.1 Synopsis 

This study opens a new frontier in the field of engineering education and cognitive 

ergonomies by combining education metrics and industrial engineering techniques. The 

main intent is to determine how to model a teachingllearning system for a subject taught 

to engineering students, and how to use the mode1 to help predict consequences of 

changes to the inputs, the process, and the outputs of the system. The model is based on 

the interaction between three major sets of components in the system: 

- The leamer's learning abilities and motivation, 

- The teaching systern's characteristics 

- The nature and quality of the subject matter 

The answen to two fundamental questions raised from the interaction of the 

above forces, narnely: (a) what should be taught to whom, and (b) how should it be taught 



are dealt with in an engineering perspective. The study employs a combination of three 

soft approaches; system thinking, system dynarnics and soR operation research (soft OR), 

to investigate the different components of the above forces and to find answers to the 

above questions. This research also attempts to help answer the two questions of how 

what should be taught should be taught by teaching systems, and similarly how what 

should be learned would De leamed by different types of learners. 

Through investigation for a dynarnic mode1 of a teaching-learning system, the 

research conceptualizes. solidifies, and validates a new theory about the different types of 

minds that learnen possess. The new proposed theory is called the Form-Function 

Theory of Tvpes since it deals with two distinctive types of learner defined as Fom- 

oriented and Function-oriented. 

The proposed theory suggests that learners, in general. possess either form or 

function minds. Form-oriented leamen are interested in the way things look and intend 

to find answers to what and how many type questions. On the other hand. function- 

oriented learners are interested in the way that things function and like to know why and 

how things work. Depending on the intensity of their fonn or function orientations, the 

Iearners' acquisition of knowledge are total1 y differen t. The proposed theory in this study 

provides a new challenge in defining the rnechanism of learning and what is going on in 

a leamer's mind. 

The study, in the light of the new theory, subsequently, identifies seven types of 

learning abilities for each of the fonn and function learners as follows: 

Form-oriented Learner Function-oriented Learner 

Memonze elements (generate hooks) Use relationships 

Memorize relationships Use procedures 

Memorize procedures Expand relationships linearly 

Bring forward elenients (fitlunfit) Expand procedures linearly 

Bring forward relationship (fit/unfit) Expand relationships nonlinearl y 

Bring forward procedure (fitlunfit Expand procedures nonlinearly 

Extend by hooking parts together Expand rel'ships/proc's nonlinearly 



The ways of how fonn and function learners use their different abilities to take-in 

information, process it and retrieve new knowledge are analyzed and detailed. 

At the sarne time, in a separate systematic endeavor, this research intends to 

recognize the different types of information and the way that each type of information is 

treated with each type of mind. The typical fom and function students, in a nurnber of 

theoretical trials, were subjected to sorne exarnple short lectures. Information supplied by 

the teaching system is categorized to nine different types as follows: 

- Only memorizing (rote-type) information 

- Relationship-type information (quasi or rote oriented - non-verifiable) 

- Relationship-type information (real - cause and effect relationship) 

- Procedure-type information (quasi or rote oriented - follow method type) 

- Procedure-type information (real - cause and effect oriented) 

- Question-type information (true/false, multiple choice or yesho) 

- Question-type information (short answer required) 

- Question-type information (closed problern solving oriented) 

- Question-type information (open problem solving oriented - most Iikely needs criticai 

thinking ability) 

The lectures are divided into different stages, each of which includes a piece of 

information with one of the above charactenstics. The findings of this research result in 

creating a preliminary, but solid and logical. shape of how each type of elemental 

information gets processed in the mind of leamen, Le., what the arrangement of 

knowledge is in the beginning and at the end of each lecture. Contrasting the original 

knowledge and the final knowledge as it is arranged in the fom and function minds leads 

this research to a new edge related to the pattern of knowledge in different minds. 

To gain a better insight into the dparnic behavior of the situation, a dynamic 

mode1 for a teachingflearning syshm reflects the above findings. This is achieved by 

using a system dynamics approach and employing a cornputer simulation program 

(STELLA Research software). Two different basic structures for a fom and fmction 

leamer are constmcted. The base models are run and the results are compared with 

observed realities to validate the models. The leaming process may be enhanced by the 



careful choice of the learning material (subjective, objective. and procedural) that the 

teaching system presents. Other policy variables may be used to show significant 

performance improvemen t particulad y among students at risk. 

The results of this experimentation indicate the power and effectiveness of using 

industrial engineering modeling techniques in the field of non-physical (non-rigorous) 

variables of education. Moreover, and more importantly, the proposed Form-Function 

Theory of Types introduced in this study, facilitates a better understanding of the 

mechanism of leaming from one side and teaching from the other side. The application 

of this theory, consequently, would allow educators and education administrators to make 

necessary changes to the system, with greater knowledge of the ramifications than is 

presentl y available. 

7.2 Results 

Three crucial questions were challenged for appropriate answers on an engineering 

standard: 

1. What are the types of the minds that leamers possess? 

2. What are the Qpes of incoming information? 

3. How is each type of information accommodated by each type of mind? 

As stated earlier, the Form-Function Theory of Types, discovered by this 

research, opens a new window to the uncharted area of the teachingliearning processes. 

It is a powerful scale to measure the uncharted area of rninds of leamers in a new light 

and with a better understanding of the dimensions that one is dealing with. 

The application of this theory enabled the research to demonstrate the totally 

diserent pattern of the build-up of knowledge in the form and function minds. It is an 

important step forward. 

Two dynamic models of teachinflearning worked out by this study are based on 

continuous phase-type movement of information from the issuing origins (different types 

of teaching systems) to the receiving destinations (different types of learners). The main 



result from the models reveals that the advance knowledge about the types of teachers 

and leamen (form-function orientations) warrants an efficient recngineering of the 

teacfiinglleaming system. 

The results from the simulations provide considerable insight into the operation of 

any educationai system. The types of leamers and teachers, whether they are form- 

oriented or function-oriented. has a major impact on their performance. 

Fig. 7.1 is an effort to find the hidden physical-like linkages among the different 

components of a non-physical system. As shown, the results obtained form the four 

major findings in this study have k e n  summanzed from an industrial engineering 

penpec tive: 

Fin. 7.1: Summant of Results 

7.3 Implications 

The literature survey revealed in this snidy in Chapter 2 and Chapter 3 demonstrates that 

there are many dimensions related to teachingnearning processes. However, what this 

research has accomplished in this direction is the introduction of a new dimension that 

takes into account dl of the other dimensions that are involved in a teachingAeaming 

s y stem. 



This research c m  help decision-rnakers select a performance parameter that will 

optimize a given policy variable in a teachingllearning process. The effect of system 

configuration (form-function onentation of individuals) on the performance of the system 

cm be used to influence the design of the system before the planning stage is 

implernented. This information is critical in developing an efficient system in both 

academia and industry. 

For technicd learning it is extremely important that the leaming structure 

emphasizes function-leaming onentation. The required degree or intensity of the 

hnction-learning onentation for each technical discipline may be considered as an 

interesting area of research. Obviously, the field of engineering education has the 

necessary and sufficient capacity for further investigation in this area. Conversely, in 

other fields, analysts and researchers have to find a similar measure (or measures) 

regarding to what extent the leming structure should emphasize on form-orientation. 

As stated earlier. with the discovery that this research has made, it is predictable 

that the education and industry sectors. in general, may have a more cost-effective human 

resources strategy on one side, and a higher-quaiity products [2] on the other side. The 

challenge is that organizations start from their employees and investigate whether each 

employee's fom-function orientation fits with the nature and requirements of their 

assigned jobs or not. 

7.4 Furthet Research 

7.4.1 Approach 

The leamer's mind should be taken as the central component of the focus in a further 

study. The traditional motto; 'If the learner hasn't learned, the teacher hasn't taught" 

may be reasonably restated as follows and be taken as a motto for a further study: "If the 

learner hasn't learned to his or to her learning capacity, the teacher hasn't taught to his or 

her teaching capacity." Understanding the individuals' minds, their structures, the 

mechanism of information processing, and the roles of different controllable and non- 

controllable parameten in a teaching/leaming process are the essence of a new study. 



Fig.7.2 is an effort to demonstrate the major components in the system. The focus 

is the box of the "leamer's mind" and the direction is to trace and chase each piece of 

v 
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! 
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! (G Iobal) Knowledge 
I 

DRIVER RESULT 

Fia. 7.2: An Enaineerinn Mode1 for Acquisition o f  Knowfedne 

information that goes into his or her mind. 

Generally speaking, further research should determine the type of incoming 

information, how it gets into the mind of the leamer, how it gets processed, how i t  gets 

implanted in the memory, how it becomes a trace of knowledge in the mind, how it is 

brought forward when it is recalled later and so on. 

4.4.2 The Tool 

Simulation has much to offer in any research, whether it deals with physical or non- 

physical systems. The role of simulation to analyze and to evaluate different behaviors of 

a teachinflearning system were exarnined in this study. As this research demonstrates, 

simulation programs could provide the researcher with a greater breadth and depth of 

information on which to base decisions. In addition, the simulation approach could 

support sensitivity analysis by allowing rapid changes to a model's logic and data. 

Based on the survey made by this study, the most promising simulation prograrn 

that fits well with the direction for further research in this field, is WTNESS, although it 



is mainly a rnanufacniring-oriented software. Considering the fact that flow of 

information is discrete rather than continuous, this program is the most appropriate tool 

for future study. 

The benefits of the WïTNESS appmach are that: 

Models can be built and tested in small incremental stages. This greatly simplifies 

model building, provides the ability to identify errors in the logic and makes the 

model more reliabIe. 

The model can be changed at any time during its run. Changes are incorporated 

immediately, leading to €aster model building. 

The simulation program fits well with the direction of this study; that is, the intent to 

trace and chase each piece of information that moves into the mind of a learner. 
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Appendix I 

List of Eauations 



0 eApectancy(t) = expectancy(t - dt) + (change-in-expectancy) ' dt 
INlT expectancy = 0.0 1 

DOCUMENT: [f ] Expectancy stems from the leamef s self confidence whidi in fact sets hisher mark-of-desire (taqet level of 
performance) and willingness (target level of effort). How confident student feels is detemiining both how well student thinks he should be 
able !O perform as wefl as how mudi effort he wilt put out in order to achieve the level of performance. 

INFLOWS: 
diangediangem-expectancy = avaiWility?esting~perceived-assBSSm8(11 00 
DOCUMEM. [lfmm] Rate of change in expectancy (m the wellaoing of the task) or the rate of change in seff-confidence 

hmk-far_repetiîion(t) = hooks-fotrepetitian(t - dt) + (completing - repeating) dt 
lNIf hooks-fotrepetition = O 
TRANSIT TlME = varies 
INFWW LIMIT = 20 
CAPACIN = 20 

DOCUMEM: (HI stock of hooks ready for repetition at wnent completing rate 

INFLOWS: 
completing = hooks~under,deveIopment'(intemststinnsubj~+intemst~in~u~intere~~in~~de~ 
DOCUMEM: [WminI assuming it takes 3 seconds or 1/20 minute to finish a total new hook or extend a pre-exited hook. 

OUTFCOWS: 
repeating = CONVEYOR OUTnOW 
TRANSIT TiME = h m k s ~ f o r , r a p e ü t i o n ' f e v e l ~ o f ~ e f f ~ r t * i m ~ a l u e s  
DOCUMENT: (H/min] Assuming rate of repeating the available hoaks for implanting in the episodic memory. 

O hwks-in-memory(t) = hooks-in,memory(t - dt) + (repeating) ' dt 
lNfï h&-in-mernory = O 

DOCUMENT: [w total number of active hooks in episodic memory at this lime 
INFLOWS: 
3 repeating = CONVEYOR OUTFLOW 

TRANSIT 5iME = haoks~fo~repet~ion'level~of~effo~'impact,of~~ther~values 
DOCUMENT: [Wmin] Assuming rate of repeating the available hooks for implanting in the episodic memory. 

0 hooks-under,development(t) = hooks-under-development(t - dt) + (taking - completing - waste) ' dt 
INlT hooks-under-development = O 

DOCUMENT: [Hi Number of hooks of information under construction or extension in the student's mind. 
INFLOWS: 

9 taking = forecast-adjustment'lectunng/coding 
DOCUMEM: [Wmin] assuming the starting rate of building new hoaks of info or extending the existing hook of info. 

oumows: 
9 completing = hwks~under,development'(interest~in,subject+intereçt_in~use+intemst,in-grade)/3 

DOCUMENT: [Wmin] assuming it takes 3 seconds or 1/20 minute to finish a total new hook or extend a pre-exited hwk. 
waste = hooks-under,development*wdSteeftaction 
DOCUMENT: [Wmin] Rate of waste of information due Co the impact of waste fraction. 
Waste fm3ion is controlled by the cornpatibility of leaming style 

interest-in-subject(tJ = interest,in,subject(t - dt) + (change-in-interest) ' dt 
(NIT interest-in-subject = 0.01 

DOCUMENT: 11) Assuming the level of interest in subject may Vary per incorning info. 
INFLOWS: 

change-in,interest = hterest,in,~ubject'leamin~styie~inmpalibility 
DOCUMENT: fl/min] Assuming rate of change in interest (h subject matter) at any tirne is directty propartional to the rate of 
lecturing and the level of student's performance. 

O IeveI-of-effort(t) z level-of,effort(t - dt) + (change-in-effort) ' dt 
lNiT level-of-effort = O 

DOCUMENT: [Il Level-of-effort feeds back to determine fevel of hooks,in-memory. 
INFLOWS: 

change-in-effort = ( w l l i n g n e s s - i e v e l , o f ~ e f f o r t ) ~ ( l e v e l ~ o f ~  
DOCUMENf: [l/min] Rate of chan* in the amount of effort that the rote leamer puts in the task of memoiizing. 

O level,ofprfomrance(t) = Wei-of-perfomiance(t - dt) + (change-mgerfomiance) dt 
INK hl-of-performance = O 

DOCUMENT: [%] Levei-ofgerfomiance feeds back to determine the leameh effort . 



INFLOWS: 
+$p change-mgerfonnanoe o (mark-of-desirer-le~~I~ofgerfomiance)'productMty 

DOCUMENT: [t/m] Rate of change in perfomance is a fundion of the amornt af effort and time that the rote leamer puts into the 
task (diifference of the mark of desire and cunent level of performance] at any time. 

00CUMENT: [Hl Assurning the stock level of quantity of info given by the teaching systern 

INFLOWS: 
change-in-qua*-of-info = (target~inta-g~antity~of_uifo)'adjustmmt~fracüm 
DOCUMEM: @Unin] Rate of change in the quantiîy of mfo (number of haaks) given by the teaching system. 
Teaching system is a fotmsriented source so the flow rate of info is bas& on the number of hwks issueci. 

UNATTACHED: 
lechlring = type-of-mfo*change,in,quantity-of-info 
DOCUMEM: [Wmin] Assurning the rate of hwks @en by the teaching system per minute. 

adjument-fraction = 0.005 
DOCUMEM: [llmin] Assuming it is the required üme fraction for the teaching system to adjust any change in the rate of given info. 
allocated-the-factor = 0.05 
DOCUMEM: [I/rnin] Assuming time fraction k takes for the rote leamer to change hisher effort rate. 
amount-leamed = pnotkn&edge+hooks,in-mmory 
DOCUMEM: [w total number of active and unactive hooks 
availabirw = hwks-in-rnemoiy'productMtyeIearnin~minfom~ 
DûCUMEM: [w Assuming the theoretical amount of hooks of knowiedge available to the leamer. Arnount of availability is directly 
relatecl to the level of hmks in the memory and leaming reinforcers and indirectly related to the level of starting knowtedge(through 
productivity). 
clsd&xn-sbg = 3 
DOCUMENT: [ l ]  assuming the value of a closed-problem sohting question assigned by the teacher. 

Form teacher = 3 
Function teacher = 3 

coding = SMTH1 (amount-leamed, 3) 
DOCUMENT: [Il Assurning the average ability to make decision for either stafling new hooks or extending old hwks over the past 3 
lecture minutes. This indikates the fom teameh abilii to find the related hooks compatible to the incorning information as per coding 
system in hisher memory (fWunfit]. 
constrainîs = 0.5 
DOCUMEM: [ l ]  Constraints include al1 impedimg factors, whether intemal or extemal to the studenu. that lead to waste in the acquisition 
of knowiedge. 
impact-of-other-values = 0.3 
DOCUMENT: (11 Assuming average quantified impact of other values: 

pride in Mure profn, self-worth. security in Mure job. social obligation, bandwagon effect, and association with something one 
likes. 
interest-ingrade = 0.5 
DOCUMENT: Il] Assurning the amount of interest in the grade for this course. 
interestin-use = 0.5 
DOCUMENT: II 1 Assumino the arnount of nterest in use of the task 
prior-knowledge = 10 
DOCUMENT: [Hl total number of active haoks of information in the student's memory. 
procedure-red = 1 
DOCUMEM: [1] assuming the value of the 'mal procedure type of infomiationm in the teacher's view. 
Form teacher = 1 
Function teacher = 5 
procedureremte = 5 
DOCUMENT: [ i l  assurning the vaiue of the 'rote procedure type infomtim' in the teacher' s view. 

Fom teacher t 5 
Ftmcüon teacher = 1 

produdnlity = amount-kamedprior-knowledge 
DOCUMENT: 111 Productivity is the ratio of the output (arnount-learned) to the input (prior-knowledge). 
Wreal-info = 1 
DOCUMENI: (11 assuming the value of the 'mal relationship type information' in a teacheh view. 
Fom teacher = 1 
Functiori teactier = 5 

rekate-Mo = 4 
DOCUMEN7: [ I j  assuming the value of the 'rateorienteci relatiorrship type information' in the teachets view. 

Forrn teacher = 4 
F d o n  teacher = 2 



leaminareinforcers = ( t e s t i n g & e r - r e i n f o m ~ w I ' i t y - ~ f ~ t e a ~  
DOCUMENT [ l ]  Assuming the quantified average impact of leaming reinforcers 
memoiy-mfo = 5 
DOCUMENT: [ l ]  assuming the vaIue of 'only memoIizjng (rote) type of information' in the teachef s view. The weight is dierent and 
depends on the type of the mind a teacher possesses. 
Assume: Fom teacher = 5 

Function teactier = 1 

opngrbm-shrg = O 
ûOCUMEM: [ I I  assuming the valuet of an open proôlem sohmig question assigneci by a teacher. 
Form teactier = O 
Funcîion teacher = 3 

other-reinforcers = 0.3 
DOCUMENT: [1 ] Assummg the quantifid average impact of other leammg reinforcers (8.g.. institutional variables, interpersonai relations. 
satisfaction with the unive-) 
rote-type = 5 
DOCUMENT: [ I l  assuming the value assigned for a roteaienteci rype question (e.g. tnidalse. multiple choice, and shortnong answers) 
by the teacher. 

Form teacher = 5 
Function teacher = 0.5 

studentsgemked-amilability = SMTH 1 (availability2) 
DOCUMEm [q Assuming the average perceiveci availabili!y of hooks of information by the student is 2 minutes. 
targetinfo = 600 
DOCUMENT [ I l  Assuming giving each piece of information takes, in average. 3 seconds or 3/60 = 0.05 minutes. Also assuming two-third 
of time of each 45 minutes-dass is spent by pure lecturing. thus: 
30 minutes of pure lecture 10.05 = 600 could be an average target for the number of total pieces of information which is given by a 
teachmg system dunng a lecture hour. 

testing = (rote-~lsdqrbm-~h/g~pngrbm,slvg)/9 
DOCUMENT: [ l ]  testing = [l/(wl+wZ+w3 ] [a ' w1 + b w2 + c w3] 

wfrere 
?Nœ is the weight of each type of question in the teachef s view. 
a= No. of onb rote type questions 
b= No. of only closed-problem sohring 
c= No. of only Problem Solving 

0 type-of-info = ( m e m r y - i n f o - c m l f o t e , i n f o + r e I r e a l - i n f ~ 5  
DOCUMENT: [ l ]  value of type of info = 

[l/(Wa+Wb+ Wc+Wd +We)J [a0Wa+ b' Wb +c0Wc+d'Wd + e  We] 

a= onS, mernoruing info d= procedure type -mal 
b= relationship type - rote e= procedure type-rote 
c= rehtionship type - mal W = Weight % 

O -te-fraction = leami-style-in~ornpatibility'mst~nts 
0 forecast-adjusment = GRAPH(students~rceivededavailability) 

(0.00,3.44). (1 1.1,3.34). (22.2. 3.14), (33.3.2-98). (44.4,2.66), (55.6.2.34). (66.7, 2-06). (77.8, 1.86). (88.9. 1-62), (100.0.72) 
DOCUMEM: [1] Impact of the amount of available h o o h (  in memory) on the rate of taking a new piece of incoming info. 

0 leaminsstyle-incompabbil-rty = GRAPH(lecturing) 
(0.00,0.31). (0.1.0245). (0.2, 0.195). (0.3, 0.185). (0-4,0.165), (O.S. 0.165). (0.6.0.165), (0.7.0.15). (0.8, 0.135), (0.9.0.125). (1.0.095) 
DOCUMENT: (11 Leammg style incompatibility b minimum *en the lecture is issued by a teactter whose vpe of mind is similar to the 
student's type of mind (e.g.. both are either fUncti0fl types Or fom types). It increases as incompatibilii tends to increase. 

0 mark-of-desire = GRAPH(expedancy) 
(0.00.3.00). (0.1 Il, 18.5). (0.222.40.5). (0.333.42.0). (0.444.45-0). (0.556.49.5). (0.667.52.0). (O.ï76,59.5), (0.889, 68.5), (1.00, 74.5) 
DOCUMENT: 11) Assuming Mark of Desire is the rote leamer's tafget level of performanca and it is a function of h M e r  level of 
e w -  

0 perceived-assessrnerit = GF?APH(leve~of_performance) 
(0.00.0.00). (16.7.0.185). (33.3.0.3). (50.0.0-39). (66.7,0.415), (83.3.0.435). (100.0.445) 
DOCUMENT: [l/min] Perceived assessrnent is the pemption of rote leamer re h i e r  level of performance at any time. 

0 qudRyamyof-teaching = GRAPH(quantitytityof,info*typetypeof_Enfo) 
(0.00.0275). (0.1,0285), (02.0.295). (0.3,0.335). (0.4.0.365). (0.5.0.395). (0.6.0.4), (0.7,0.43), (0.8, 0.505). (0.9.0.Sô5). (1.0.63) 
DOCUMENT: [1] Wi-of-teaching depends on the combination of îhe type and the quantiîy of presentation. 

0 wiuhgness = GRAPH(expectancy) 
(0.00,029), (0.1,0.295), (02.0.305). (0.3.0-32). (0.4.0-345). (0.5.0.37), (0.6,0.41), (0.7,0.46), (0.8,0.545), (0.9. O.=), (1.0.69) 
DOCUMENT: [1) Assuming whflinqness is hvenely proporüonal to the level of expec&ncy and is an indicalor of the target that the rote 
kamer sets for hislher level of effort at any time. 
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Table of Base Run 



of Base Run 

2.00 

0.01 

0.07 

0.25 

0.95 

0.01 

0.06 

3.96 

5.97 

0.04 

0.00 

0.00 

0.31 

2.96 

0.35 

1.90 

0.33 

0.65 

0.05 

0.01 

0.05 

10.25 

0.14 

3.00 

10.03 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 -00 
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MINUTES 

expecwncy 

hooks for repetition 

hooks in memory 

hooks under devdopmeu 

interest in subject 

levei of effort 

level of performance 

quantity of info 

change in effort 

change in expectancy 

change in interest 

change in performance 

change in quantity of infl 

cornpleting 

lecturing 

repeating 

taking 

waste 

adjustment fraction 

allocated time factor 

amount leamed 

availability 

clsd prbm sivg 

coding 

constraints 

impact of other values 

interest in grade 

interest in use 

leaming reinforcers 

memory info 

opn prbm slvg 

other reinforcers 

pnor knowiedge 

procedure real 

(Fomriented 

3.00 

0.01 

0.10 

0.S 

1.19 

0.01 

0.1 1 

4.27 

8.94 

0.04 

0.00 

0.00 

0.10 

2.95 

0.42 

1.89 

0.41 

0.64 

0.06 

0.01 

0.05 

10.58 

0.33 

3.00 

10.13 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1-00 

procedure rote 

P ~ W  
relred info 

relrote *Mo 

rote type 

.O0 

0.01 

0.00 

0.00 

0.00 

0.01 

0.00 

0.00 

0.00 

0.02 

0.00 

0.00 

3.01 

299  

0.08 

1 -92 

0.04 

0.66 

0.01 

0.01 

0.05 

10.00 

0.00 

3.00 

10.00 

0.50 

0.30 

0.50 

0.50 

0.41 

5.00 

0.00 

0.30 

10.00 

1 .O0 

Leamer)) 

4.00 

0.01 

0.1 1 

0.99 

1.35 

0.01 

0.1 4 

4.37 

1 1.89 

0.03 

0.00 

0.00 

0.05 

2.94 

0.47 

1.88 

0.46 

0.62 

0.07 

0.01 

0.05 

10.99 

0.58 

3.00 

10.31 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 .O0 

Tabfe 1 Fable 

1 .O0 

0.01 

0.04 

0.04 

0.57 

0.01 

0.02 

3.01 

2.99 

0.04 

0.00 

0.00 

0.96 

2.98 

0.24 

1.91 

0.21 

0.66 

0.03 

0.01 

0.05 

10.04 

0.02 

3.00 

10.00 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 .O0 

Table of Base Run (Fornorienteci Leamer): (1) 

5.00 

1 .O0 

1-00 

4.00 

3.00 

5-00 

0.01 

0.12 

1 -45 

1 -43 

0.02 

0.1 7 

4.42 

14.82 

0.02 

0.00 

0.00 

0.04 

2.92 

0.49 

1.87 

0.49 

0.60 

0.07 

0.01 

0.05 

11 -45 

0.88 

3-00 

10.56 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 .O0 

8. 
6.00 

0.01 

0.12 

1.93 

1.47 

0.02 

0.20 

4.46 

17.74 

0.02 

0.00 

0.00 

0.05 

2.91 

0.50 

1.86 

0.50 

0.58 

0.07 

0.01 

0.05 

1 1.93 

1.23 

3.00 

10.88 

0.50 

0.30 

0.50 

O. 50 

0.53 

5-00 

0.00 

0.30 

10.00 

1.00 

5.00 

1 .O0 

1 .O0 

4.00 

3.00 

5.00 

1 .O2 

1 .O0 

4.00 

3.00 

5.00 

1 .O6 

1 .O0 

4.00 

3.00 

5.00 

1.10 

1 .O0 

4.00 

3.00 

5.00 

1 .14 

1 .O0 

4.00 

3.00 

5.00 

1.19 

1 .O0 

4.00 

3.00 
1 



h 

8, 
13.00 

0.02 

0.1 1 

5.30 

1.25 

0.03 

0.27 

5.29 

37.78 

0.00 

0.00 

0.00 

0.23 

2.81 

0.42 

1.80 

0.43 

0.43 

0.06 

0.01 

0.05 

15.30 

4.32 

3.00 

13.93 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 .O0 

5-00 

1.53 

1 .O0 

4.00 

3.00 

(Formsriented 

10.00 

0.01 

0.12 

3.92 

1.39 

0.03 

025 

4.79 

29.28 

0.01 

0.00 

0.00 

0.14 

285 

0.47 

1.82 

0.47 

0.49 

0.07 

0.01 

0.05 

13.92 

2.91 

3.00 

12.55 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

t .O0 

5.00 

1.39 

1 .O0 

4.00 

3.00 

Leamer): 
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8.00 

0.01 

0.13 

2.94 

1.47 

0.02 

0.23 

4.58 

23.54 

0.01 

0.00 

0.00 

0.09 

2.88 

0.50 

1.84 

0.50 

0.53 

0.07 

0.01 

0.05 

12.94 

2.02 

3.00 

11.66 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 .O0 

5.00 

1 29 

1 .O0 

4.00 

3.00 

Table of Base 

MINUTES 

~xpectancy 

hooks for repetition 

hooks in memory 

hooks under developme 

interast in subject 

tevel of effort 

level of performance 
1 

quantity of info 

change in effort 

change in expecbncy 

change in interest 

change in performance 

change in guantity of infa 

of Base Run 

9.00 

0.01 

0.12 

3.44 

1.43 

0.02 

0.24 

4.67 

26.42 

0.01 

0.00 

0.00 

0.1 1 

2.86 

0.48 

1 -83 

0.49 

0.51 

0.07 

0.01 

0.05 

13.44 

2.46 

3.00 

12.09 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 .O0 

5.00 
- 

1 34 

1 .O0 

4.00 

3.00 

Run (Form-onented 

Leamer)) 

11.00 

0.01 

0.12 

4.40 

1.35 

0.03 

0.26 

4.93 

3 2  13 

0.01 

0.00 

0.00 

O. 17 

2.83 

0.46 

1.81 

0.46 

0.47 

0.06 

0.01 

0.05 

14.40 

3.37 

3.00 

13.0 1 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 .O0 

5.00 

1.44 

1 .O0 

4.00 

3.00 

(2) 

7.00 

0.01 

0.13 

2 4 4  

1 -48 

0-02 

0.22 

4.5 1 

20.65 

0.02 

0.00 

0.00 

0.07 

2.89 

1200 

0.02 

0.1 1 

4.86 

1.30 

0.03 

0.27 

5.09 

34.96 

0.01 

0.00 

0.00 

0.20 

2.82 

0.44 

1 -80 

0.44 

0.45 

0.06 

0.01 

0.05 

14.86 

3.84 

3.00 

13.47 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 .O0 

5-00 
- 

1.49 

1 .O0 

4.00 

3.00 

completing 

lectunng 

repeating 

taking 

waste 

adjusment f racüon 

allocated time factor 

0.50 

1.85 

0.50 

0.56 

0.07 

0.01 

0.05 

amount tearned 

availability 

clsd prbm slvg 

coding 

constraints 

impact of other values 

interest in grade 

interest in use 

leaming reinforcers 

memory info 

opn prbm sivg 

other reinforcers 

prio r knowledge 

procedure mal 

procedute rote 

productivity 

relreai info 

relrote info 

rote type 

2 

12.44 

1.61 

3.00 

1 1 .25 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 -00 

5.00 

1.24 

1 .O0 

4.00 

3.00 



457PM 4/13/98 Table 1 (Table leamer)) 

18.00 

0.03 

0.09 

7.30 
- 

1 .O2 

0.05 

0.29 

6.86 

51.67 

0.00 

0.00 

0.01 

0.47 

2.74 

0.36 

1.75 

0.36 

0.37 

0.05 

0.01 

0.05 

17.30 

6.72 

3.00 

16.09 

O. 50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

of Base Run (Form-oriented 

pnor knowiedge 

procedure mal 

procedure rate 

PM- 

relreal info 

retrote info 

rote type 

15.00 

0.02 

0.10 

6.14 

1-15 

0.04 

0.28 

5.79 

43.38 

16.00 

0.02 

0.10 

6.54 

1.1 1 

O. W 

0.28 

6.10 

46.16 

19.00 

0.03 

0.09 

7.65 
- .  - - 

0.99 

0.06 

0.29 

7.33 

54.41 

0.00 

O. 00 

0.01 

0.54 

2.72 

0.34 

1.74 

0.35 

0.35 

0.05 

0.01 

0.05 

17.65 

7.19 

3.00 

16.49 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

r 

MlNUfES 

=P-nCY 

hooks for repetition 

hooks in memory 
-- 

hooks under developme 

interes! in subject 

level of effort 

level of performance 

quantity of info 

17.00 

0.03 

0.09 

6.93 

1.06 

0.05 

029 

6.45 

48.92 
1 

8 
20.00 

0.04 

0.08 

8.00 

0.95 
q 

0.07 

0.29 

7.07 

57.13 

O. 00 

0.00 

0.01 

0.62 

2.71 

0.33 

1.73 

0.34 

0.34 
1 

0.04 

0.01 

0.05 

18.00 

7.67 

3.00 

16.87 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

14.00 

0.02 

0.10 

5.73 

1 -20 

0.04 

0.28 

5.52 

40.59 

Table of Base Run (Fomnented Leamer): (3) 

10.00 

1 .O0 

5.00 

1.57 

1 -00 

4.00 

3.00 

change in effort 

change in expectancy 

change in interest 

change in perfomance 

0.00 

0.00 

0.00 

0.36 

2.76 

0.38 

1 .n 
0.38 

0.39 

0.05 

0.01 

0.05 

16.54 

5.76 

3.00 

15.26 

0.50 

0.30 

0.50 

0.50 

0.53 

S. 00 

0.00 

10.00 

1 .O0 

5.00 

1.61 

1 .O0 

4.00 

3.00 

0.00 

0.00 

0.00 

0.27 

0.00 

0.00 

0.00 

0.41 

2.75 

0.37 

1.76 

0.37 

0.38 

0.05 

0.01 

0.05 

16.93 

6.24 

3.00 

15.69 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.00 

0.00 

0.00 

0.31 

10.00 

1 ,O0 

5.00 

1.65 

1 .O0 

4.00 

3.00 

2.78 

0.39 

1.78 

0.40 

O. 40 

0.05 

0.01 

0.05 

16.14 

528 

3.00 

t 4.83 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

change h quantity of ind 

completing 

lecturing 

repeating 

taking 

waste 

adjustrnent fraction 

allocated time factor 

amount leamed 

availability 

clçd prbm sivg 

coding 

constraints 

impact of other values 

interest in grade 

interest in use 

leaming reinforcers 

memocy info 

opn prbm slvg 

other reinforcers 

2.79 

0.41 

1.79 

0.41 

0.42 

0.06 

0.01 

0.05 

15.73 

4.80 

3.00 

14.39 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

10.00 

1.00 

5.00 

1.69 

1 .O0 

4.00 

3.00 

10.00 

1 .O0 

5.00 

1.73 

1 .O0 

4.00 

3.00 

10.00 

1 .O0 

5-00 

1 .n 
1 .O0 

4.00 

3.00 

10.00 
2 

1.00 

5.00 

1.80 

1 .O0 

4.00 

3.00 





4 : s  PM 4/1W Table 1 (Table of Base Run (Form-oriented Leamer)) 0 
MINUTES 28.00 29.00 30.00 31 .O0 32.00 33.00 34.00 

e m c Y  0.10 0.12 0.13 0.15 0.1 7 0.20 0.23 

hooks for repetition 0.07 0.07 0.07 0.06 0.06 0.06 0.06 

- 

hooks in rnernory 

hooks under developrne 

interest in subject 

level of effort 

level of performance 

quantity of info 

change in effort 

change in expectancy 

change in interest 

change in pedonance 

change in quantity of infi 

cornpleting 

lecturing 

repeating 

taking 

waste 

adjustrnent fraction 

allocated time factor 

amount leamed 

availability 

ckd phm shrg 

coding 

constraints 

impact of other values 

interest in grade 

interest in use 

leaming reinforcers 

memory info 

opn prbm sivg 

other minforcers 

prior knowiedge 

procedure real 

procedure rote 

producüvity 

rdteal info 

relrote info 
k 

rote type 

_I 

10.45 

0.72 

0.14 

0.29 

16.26 

78.43 

0.00 

0.01 

0.01 

1.92 

2.60 

0.27 

1.67 

0.27 

0.28 

0.03 

0.01 

0.05 

20.45 

1 1 -37 

3.00 

19.55 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 .O0 

5.00 

204 

1 .O0 

4.00 

3.00 

10.72 

0.70 

0.15 

0.30 

18-18 

81 .O3 

0.00 

0.02 

0.01 

2.88 

2.59 

0.27 

1.66 

0.27 

0.28 

0.03 

0.01 

0.05 

20.72 

1 1 -83 

3.00 

19.85 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 .O0 

5.00 

207 

1 .O0 

4.00 

3.00 

Table of Base 

10.99 

0.68 

0.17 

0.30 

21 .O6 

83.62 

0.00 

0.02 

0.02 

3.46 

2.58 

0.26 

1.65 

0.26 

0.27 

0.03 

0.01 

0.05 

20.99 

12.28 

3.00 

20.14 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 -00 

5.00 

2.10 

1 -00 

1125 

0.66 

0.18 

0.30 

24.52 

86.20 

0.00 

0.02 

0.02 

4.00 

2.56 

0.26 

1.64 

0.26 

0.27 

0.03 

0.01 

0.05 

21 25 

12.73 

3.00 

20.42 

0.50 

0.30 

0.50 

0 3  

0.53 

5.00 

0.00 

0.30 

10.00 

1 .O0 

5.00 

213 

1 .O0 

If .SI 11.77 12.01 

4.00 

3.00 

0.63 

0.20 

0.30 

28.51 

88.76 

0.00 

0.02 

0.02 

4.62 

2.55 

0.25 

1.63 

0.25 

0.26 

0.03 

0.01 

0.05 

21 -51 

13.18 

3.00 

20.70 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

4.00 

3.00 

4.00 

3.00 
I 

4.00 

3.00 

Run (Formoriented Leamer): 

0.61 

0.22 

0.30 

33.13 

91.32 

0.00 
- 

0.03 

0.02 

5.33 

2.54 

0.25 

1.62 

0.25 

0.26 

0.03 

0.01 

0.05 

21.77 

13.63 

3.00 

20.97 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 
- 

0.00 

4.00 

3.00 

0.59 

0.24 

0.31 

38.46 

93.85 

- 

0.00 

0.03 

0.02 

2.24 

2.53 

0.24 

1 .ô2 

0.24 

0.25 

0.03 

0.01 

0.05 

22.01 

14.08 

3.00 

21.23 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 
1 

(5) 

0.30 

10.00 

1.00 

5.00 

220 

1 .O0 

0.30 

10.00 

1 .O0 

5.00 

215 

1 .O0 

0.30 

10.00 

1.00 

5-00 

2.18 

1 .O0 



of Base Run 

37.00 

0.32 

0.06 

1274 

0.53 

0.32 

0.32 

41.68 

10t.40 

0.01 

0.04 

0.03 

0.65 

2.49 

0.23 

1.59 

0.23 

0.24 

0.02 

0.01 

0.05 

22.74 

15.41 

3.00 

21.99 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 -00 

5.00 

2.27 

1 .O0 

4.00 

3.00 

Run (Fomriented 

(Fomriented Leamer)) 

38.00 

0.36 

0.06 

12.97 

0.5 1 

0.35 

0.33 

457 PM 44 3/98 
1 

MINUTES 
1 

-P-nCY 

hooks for repetitian 

hooks in memory 

hooks under devdopme 

interest in subject 

level of effort 

level of performance 

quantity of info 

change in effort 

change in expectancy 

change in interest 

change in perfomance 

change in quantity of inf 

completing 

lecturing 

repeating 

taking 

waste 

adjustment fraction 

allocated time factor 

amount leamed 

availability 

clsd prbm slvg 

coding 

constraints 

impact of other values 

interest in grade 

interest in use 

leaming reinforcers 

memory info 

35.00 

0.26 

0.06 

1226 

0.57 

0.27 

0.31 

40.70 

96.38 

0.00 

0.03 

0.03 

0.52 

2.51 

0.24 

1.61 

0.24 

0.25 

0.03 

0.01 

0.05 

22.26 

14.52 

3.00 

21 -49 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 .OO 

5.00 

2.23 

1 .O0 

4.00 

I 3.00 

- 

TaMe 1 (Table 

36.00 

0.29 

0.06 

1250 

0.55 

0.29 

0.32 

41.21 

98.89 

0.01 

0.03 

0.03 

0.47 

2.50 

0.24 

1.60 

0.24 

0.24 

0.03 

0.01 

0.05 

22.50 

14.97 

3.00 

21.74 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 .O0 

5.00 

2.25 

1 .O0 

4.00 

3-00 

Table of Base 

opn prbm sivg 

other reinforcers 

prior knowMge 

procedure real 

procedure rote 

productivity 

relred info 

relrote info 

rote type 

41 .O0 
1 

0.48 

0.06 

13.65 

0.45 

0.47 

0.36 
- 

39.00 

0.40 

0.06 

13.20 

0.49 

0.39 

0.34 

45.67 

11 1.27 

0.01 

0.04 

0.05 

1 -69 

2.44 

0.22 

1.56 

0.22 

0.22 

0.02 

0.01 

0.05 

23.65 

17.17 

3.00 

22.95 

0.50 

0.30 

0.50 

0.50 

0.53 

5-00 

0.00 

0.30 

10.00 

1 .O0 

5.00 

2.36 

1 .O0 

4.00 

3.00 

40.00 

0.44 

0.06 

13.42 

0.47 

0.43 

0.35 

44.35 

108.82 

0.01 

0.04 

0.04 

1.32 

2.45 

0.22 

1 S7 

0.22 

0.22 

0.02 

0.01 

0.05 

23.42 

16.73 

3.00 

22.72 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 .O0 

5.00 

2.34 

1 .00 

4.00 

3.00 

42.33 

103.88 

0.01 

0.04 

0.03 

0.98 

2.48 

0.23 

1 .58 

0.23 

0.23 

0.02 

0.01 

0.05 

22.97 

15.85 

3.00 

22.24 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1.00 

5.00 

2.30 

1 .O0 

4.00 

3.00 

Leamer): 

43.31 

106.36 

0.01 

0.04 

0.04 

1 .O4 

2.46 

0.22 

1 .SB 

0.23 

0.23 

0.02 

0.01 

0.05 

23.20 

16.29 

3.00 

22.48 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.00 

0.30 

10.00 

1 .O0 

5.00 

2.32 

1 .O0 

4.00 

3-00 

(6) 
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- - 

Table of Base Run (Fomriented teamer): 0 

1 

MINUTES 

WJe-fW 

hooks for m o n  

hwks in memory 

44.00 

0.61 

0.05 

14.29 

Finai 

0.66 

0.05 

14.51 

42.00 

0.52 

0.05 

13.87 

hooks under developme 

interest in subject 

43.00 

0.57 

0.05 

14.08 

0.37 

0.68 

0.43 

51 -44 

120.96 

0.01 

0.05 

24.5 1 

18.92 

3.00 

23.85 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

I 

0.43 

0.52 

other reinforcers 

prior knowiedge 

procedure real 

procedure rote 

productivity 

0.41 

0.57 

level of effort 

level of performance 

quantity of info 

change in effort 

change in expectancy 

change in interest 

change in performance 

change in quantity of infi 

completing 

lechiring 

repeating 
v 

taking 

waste 

adjustment fraction 

allocated tirne factor 

amount learned 

avaiiabiiiity 

clsd prbm slvg 

coding 

constrahts 

impact of other values 

interest in grade 

interest in use 

leaming reinforcers 

rnernory info 

opn prbm sivg 

0.30 

10.00 

1 .O0 

5-00 

2.39 

1 .O0 

4.00 

3.00 

0.39 

0.62 

0.39 

49.1 5 

116.14 

0.02 

0.05 

0.06 

1.19 

2.41 

0.21 

1.55 

0.21 

0.21 

0.02 

0.01 

0.05 

24.08 

18.05 

3.00 

23.41 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.37 

47.36 

1 13.71 

0.02 

0.04 

0.05 

1.79 

2.43 

0.22 

1.55 

0.22 

0.22 

0.02 

0.01 

0.05 

23.87 

1 7.6 1 

3.00 

23.18 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.41 

50.35 

1 18.55 

0.02 

0.05 

0.06 

1 .O9 

2.40 

0.21 

1.54 

0.21 

0.21 

0.02 

0.01 

0.05 

24.29 

18.48 

3.00 

23.63 

0.50 

0.30 

0.50 

0.50 

0.53 

5.00 

0.30 

10.00 

1 .O0 

5.00 

2.4 1 

1.00 

4.00 

3.00 

0.30 

10.00 

1 .O0 

5.00 

2.43 

1 .O0 

4.00 

3.00 

0.30 

10.00 

1 .O0 

5.00 

245 

t .00 

4.00 

3.00 



of Base Run 

200 

0.03 

600.00 

0.67 

0.64 

0.05 

3.44 

0.10 

4.40 

0.04 

0.63 

0.29 

- - 

Run (Fomoriented 

(Fomsriented 

3.00 

0.10 

600.00 

0.67 

0.64 

0.05 

3.44 

0.10 

4.4 t 

0.05 

0.63 

029 

Learner): 

457 PM 4 1  3/98 
r 

MINUTES 

studenfs perceived ava 

target info 

testing 

type of info 

waste fraction 

forecast a d j e n t  

leaming style incornpatii 

mark of desire 

percenled assessrnent 

quality of teaching 

willingness 

-- 

Leamer)) 

4.00 

024 

600.00 

0-67 

0.64 

0.05 

3.44 

0.10 

4.42 

0.05 

0.63 

0.29 

(8) 

-00 

0.00 

600.00 

0.67 

0.64 

0.05 

3.44 

0.10 

4.40 

0.00 

0.28 

0 -29 

Table 1 (Table 

t -00 

0.00 

600.00 

0.67 

0.64 

0.05 

3.44 

0.1 O 

4.40 

0.03 

0.63 

0.29 

Table of Base 

5.00 

0.43 

o00.00 

0.67 

0.64 

0.05 

3.44 

0.10 

4.46 

0.05 

0.63 

0.29 

6.00 
w 

0.67 

600.00 

0.67 

0.64 

0.05 

3.43 

0.10 

4.50 

1 0.05 

0.63 

0.29 



8 

3.40 

600.00 

0.67 

0.64 

0.05 

3.41 

0.10 

5.43 

0.06 

0.63 

0.29 

, 

457 PM 4/13/98 

MINUTES 
L 

student's perceivecl avai 

target mfo 

testing 

type of info 

waste fraction 

f orecast adjwtment 

leaming styie incompatir 

mark of desire 

perceived assessment 

qudity of teaching 

willingness 

of Base Run (Form-oriented Leamer)) 

9.00 

1.68 

600.00 

0.67 

0.64 

0.05 

3.42 

0.10 

4.75 

0.0s 

0.63 

0.29 

7.00 

0.97 

600.00 

0.67 

0.64 

0.05 

3.43 

0.10 

4.57 

0.05 

0.63 

029 

Table 1 (Table 

8.00 

1 30 

600.00 

0.67 

0.64 

0.05 

3.43 

0.10 

4-65 

0.05 

0.63 

0.29 

Table of Base Run (Fom-oriented Leamer): (9) 

10.00 

208 

600.00 

0.67 

0.64 

0.05 

3.42 

0.10 

4.00 

0.05 

0.63 

029 

11.00 

2.50 

600.00 

0.67 

0.64 

0.05 

3.42 

0.10 

5.03 

0.05 

0.63 

0.29 

12.00 

2.94 

600.00 

0.67 

0.64 

0.05 

3.4 1 

0.10 

5.22 

0.06 

0.63 

0.29 



(Formsriented 

17.00 

5.28 

600.00 

0.67 

0.64 

0.05 

3.39 

0.1 0 

6.68 

0.07 

0.63 

0.29 

I 

of Base Run 

t 6.00 

4.81 

600.00 

0.67 

0.64 

0.05 

3.40 

0.10 

6.30 

0.07 

0.63 

0.29 

457 PM 4113198 Table 1 (Table 

MINüTES 

.' 

Leamer)) 

18.00 

5-76 

600.00 

0.67 

0.64 

0.05 

3.39 

0.1 O 

7.1 2 

0.08 

0.63 

0.29 

1 

Table of Base Run (Formiiriented Leamer): (10) 

14.00 

8; 
15.00 19.00 

6.24 

600.00 

0.67 

0.64 

0.05 

3.38 

0.10 

7.62 

0.08 

O. 63 

0.29 

4.33 

600.00 

0.67 

0.64 

0.05 

3.40 

0.10 

5.97 

0.06 

0.63 

0.29 

student's perceived ami) 

target info 

testing 

type of info 

waste fraction 

forecast adjustment 

learning styie incompati 

mark of desire 

perceived assesment 

quality of teaching 

willingness 

20.00 
1 

6.72 

600.00 

0.67 

0.64 

0.05 

3.38 

O. 10 

8.20 

0.09 

0.63 

0.29 

3.86 

600.00 

0.67 

0.64 

0.05 

3.41 

0.10 

5.68 

0.06 

0.63 

0.29 



(Fomriented 

24.00 

8.60 

600.00 

0.67 
-- -. - 

0.64 

0.05 

3.36 

0.10 

1 1.45 

0.12 

O. 63 

0.29 

Leamer): 

Leamet)) 

25.00 

9.07 

600.00 

0.67 
-- 

0.64 

0.05 

3.36 

0.10 

12-58 

0.13 

0.63 

0.29 

(1 1) 

of Base Run 

23.00 

8.13 

600.00 

0.67 
- -  - 

0.64 

0.05 

3.37 

0.10 

1 0.46 

0.1 1 

0.63 

0.29 

Run (Fomriented 

26.00 

9.53 

600.00 

0.67 
. . .. 

0.64 

0.05 

3.35 

0.10 

13.89 

0.15 

0.63 

0.29 

TaMe 1 (Table 

2200 

7.66 

600.00 

0.67 

0.64 

0.05 

3.37 

0.10 

9.60 

0.10 

0.63 

0.29 

Table of Base 

457 PM 441 3/98 
1 

27.00 
b 

9.99 

600.00 

0.67 

0.64 

0.05 

3.35 

0.10 

15.40 

O. 16 

0.63 

0.29 

MINUTES 21 -00 

student's percsived ava) 

target info 

testing 

type of info 

waste fraction 

forecast adjusîment 

leaming styie incompatil 

mark of desire 

perceiveci assessrnent 

quality of teachmg 

willingness 

- - 

v 

7.1 9 

600.00 

0.67 

0.64 

0.05 

3.38 

0.10 

8.85 

0.09 

0.63 

029 



I 

of Base Run 

30.00 

1 1.37 

600.00 

0.67 

0.64 

0.05 

3.34 

0.10 

22.62 

022 

0.63 

0.30 

Run (Fomi-oriented 

457 PM 4 1  3/98 

MINüTES 

StUd8Ms ~riceived avai 

target info 

testing 

type of infa 

waste fraction 

forecast adjustment 

leaming style incornpalil 

mark of desire 

perceived assessrnent 

quality of teadiing 

witlingnsss 

8 
34.00 

13.18 

600.00 

0.67 

0.64 

0.05 

3.30 

0.10 

40.54 

0.33 

0.63 

0.31 

1 

(Fomsriented 

31 -00 

1 1 -82 

600.00 

0.67 

0.64 

0.05 

3.33 

0.10 

26.30 

024 

0.63 

0.30 

Leamer): 

28-00 

10.45 

600.00 

0.67 

0.64 

0.05 

3.35 

0.10 

17.14 

O. 18 

0.63 

0.30 

barner)) 

3200 

12-28 

600.00 

0.67 

0.64 

0.05 

3.32 

0.10 

30.54 

0.27 

0.63 

0.30 

Table 1 (Table 

29.00 

10.91 

600.00 

0.67 

0.64 

0.05 

3.34 

0.10 

19.41 

0.20 

0.63 

0.30 

Table of Base 

33.00 

12.73 

600.00 

0.67 

0.64 

0.05 

3.31 

O. 1 O 

35.45 

0.30 

0.63 

0.30 

(1 2) 



L 

Table of Base Run (Fomriented Leamer): (13) 

(Fomi-oriented 

38-00 

14.97 

600.00 

0.67 

0.64 

0.05 

3.27 

0.10 

42.74 

0.35 

0.63 

0.34 

of Base Run 

37.00 

14.52 

600.00 

0.67 

0.64 

0.05 

3.28 

0.10 

41.89 

0.35 

0.63 

0.33 

Table (Tabk 

36.00 

14.08 

600.00 

0.67 

0.64 

0.05 

3.29 

0.10 

4t -42 

0.34 

0.63 

0.32 

4 : s  PM 4/13198 
I 

MINUTES 1 35-00 

Leamer)) 

39.00 

15.41 

600.00 

0.67 

O. 64 

0.05 

3.26 

0.10 

43.76 

0.35 

0.63 

0.34 

studenrs peneived a v d  

target info 

testing 

type of info 

waste fraction 

forecast adjuçtment 

13.63 

600.00 

0.67 

0.64 

0.05 

3.29 

40.00 

15.85 

600.00 

0.67 

0.64 

0.05 

3.25 

0.10 

44.81 

0.36 

0.63 

0.35 

8 
41 .OC 

16.29 

600.00 

0.67 

0 . w  

0.05 

3.25 

0.10 

46.37 

0.37 

0.63 

0.36 

I 

ieaming siyïe incompatid 

mark of desire 

perceived assessment 

quality of teaching 

willingness 

0.1 0 

40.97 

0.34 

0.63 

0.3 1 



457 PM 4/t 398 Table 1 (Table of Bam Run (Form-oriented Leamer)) 0 
MINUTES 4200 43.00 44.00 Fnal 

student's peneived avai 1 6.73 17.17 17.61 18.05 

target info 600.00 600.00 600.00 600.00 

testMg 0.67 0.67 0.67 0.67 

type of info 0.64 0.64 0.64 0.64 

waste fraction 0.05 0.05 0.05 0.05 

f orecast adjustment 3.24 3.23 3.22 3.22 

teaming style incompabl 0.10 0.10 0.10 0.10 

mark of desire 48.10 49.73 50.79 51 .89 
r 

perceived assessrnent 0.38 0.39 0.39 0.39 

quality of teaching 0.63 0.63 O. 63 0.63 

willingness 0.38 0.40 0.42 0.44 

B 

Table of Base Run (Form-orbnted Leamer): (1 4) 
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