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ABSTRACT

DEVELOPMENT OF A PREDICTIVE SYSTEMS MODEL

FOR COURSE RESEARCH

AND IMPROVEMENT

BY

Richard Kenneth Brandenburg

In this study, the systems modeling approach is applied to the

investigation of the learning process in a college biology course. The

course is examined in systems terms, dissected and reconstructed ab—

stractly as a mathematical systems model. The model relates students'

background, prior knowledge and instructional behavior to concept mas—

tery based on data collected in the course during a term. Student per-

formance is then predicted using the model during a second or validation

term. The practical value of the model is also assessed by using it

to group students for special instructional treatment. The model is

examined for what it reveals about the instructional interactions occur—

ring in the course and also to provide hypotheses for future study.

This is a feasibility study and is intended as an experimental ap—

plication of the modeling technique to an educational process. The ex—

pectation was that this application could develop into a research tool

which would provide the educational researcher with the ability to dis—

sect and analyze highly complex instructional settings and processes.

This tool would provide a conceptual organization and analytically func—

tional framework to enhance the understanding of complexly interacting

entities and processes.

The major biological concept of Ecology was used as the base for

analysis and student performance evaluation. Two levels of Ecology

content analysis were performed. The first level provided a reference
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frame of disciplinary content and the second, from the actual con—

tent selected for the course, provided structure for the modeling pro—

cess.

A variety of background variables were collected for the students

in the course during the experimental term (n = 105) and the validation

term (n = 75). Variables describing the students' instructional be—

havior and attendance were also collected. Variables describing the

students' performance on forty—four (44) ecology concepts were calcu—

lated from testing data. The model,which is the functional relation—

ships between background, instructional and ecology concept mastery

variables, was developed using a series of multiple regression com—

puter runs.

The findings of the study indicate that the systems modeling pro—

cess appears to be useful in relating learning performance to back—

ground, prior knowledge and instructional behavior. Model variables

accounted for a significant percentage of the variation in the origi—

nal data and the power of the model is demonstrated by its ability to

predict student performance during a second (validation) term. The

practical utility of the model is also demonstrated using a student

grouping analysis based on the model components. The student groups

identified by this analysis have different academic and learning pro—

files. Also identified are a variety of hypotheses for improving

course instruction.
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CHAPTER 1

THE PROBLEM

1.0 Introduction

A basic assumption of modern education_is that as a student

experiences instruction something happens to change the student.

The student learns, that is acquires additional knowledge, develops

skills or masters processes. This conception of cause and effect

through instruction and learning serves as a primitive Kuhnian

(1975) paradigm of educational researchers. Given a simple learn—

ing experience or set of experiences, it is not too difficult to

investigate the effects. Such laboratory studies, complete with

control groups, are conducted by researchers in great profusion.

However, once the researcher moves from the lab to complex, real

classroom instruction, the investigation of learning phenomena be-

comes considerably more complicated and difficult. Unfortunately

the classroom is the arena of most concern to educators.

One form that such instruction takes is the college course;

a costly, sometimes effective and little studied instructional mode.

Large college courses usually require that the instructor and

assistants spend most of their time with material preparation and

presentation. The counseling and tutoring of individual students

account for the remainder of their efforts. The economics of such

a venture preclude any detailed research into the deep structure of

the course content or the development of analytical devices for



 

monitoring the student progress or what might be called the "quali-

ty control" of the course. In courses some initial effort usually

has been directed at defining the objectives, but the actual con-

tent of the course and methods of presentation are more often based

on previous experience and professional intuition. The common

testing routine is usually applied to assess the degree to which

each student has fulfilled the course objectives. Periodic course

revisions are made on the basis of the instructor's intuition and

experience, often from his or her personal and students! biased

feedback. Even in the unusual circumstances where the situation

permits a rigorous examination of course objectives, further de—

tailed study of actual student performance and understanding of the

concepts composing the subject matter is rarely possible.

What is needed is a research tool which will provide the edu—

cational researcher with the ability to dissect and analyze highly

complex instructional settings and processes such as those found in

the college course. Such a tool would provide a conceptual organi—

zation and analytically functional framework to enhance the under—

standing of complexly interacting entities and processes.

This study presents and examines a tool which may fit these

requirements. Here the system's approach and modeling techniques

are applied to a college course. The course is examined in systems

lJterms, dissected, and reconstructed abstractly as an artificial sys—

tems model. This model is examined for what it tells us about the

instructional interactions taking place in the real c0urse. The

model is also used to provide hypotheses for future study.





 

CHAPTER 2

THEORY AND BACKGROUND

2.0 Theory

Investigations of the empirical world are based on two basic or

primary presumptions:

l. The world exists, and

2. The world is, at least in some respects intelligibly

ordered, and is open to rational inquiry. (Laszlo, 1972)

Such rational inquiry of the real, empirical phenomena of the world

involve human conceptualizations which organize and lead to under—

standing. One such conceptual tool which has proven to be very

useful in the organization and study of events and processes is the

systems approach.

The systems approach may be defined as the logical analysis

and breakdown of a system, whereby the connections, interrelation—

ships, and organization of the constituent parts of the system are

made explicit. A system in the sense used here is a ”set of inter—

connected elements organized toward a goal or set of goals"

(Manetsch and Park, 1974a). The set of interconnected elements

which are the object of the systems analysis or approach may be as

large or as small as is necessary to understand the phenomena under

study. That is, the systems analyst chooses the relevant elements

of study and assigns everything else to the system's environment,
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outside its boundaries. Interactions may Still occur between the

system and its environment across these boundaries, but the exter—

nal factors involved are considered to be completely independent

of the system itself. Within the system, the analysis is more than

a disection of parts, but rather leads to an understanding of how

a system may often be more than the sum of those parts.

The systems approach has been applied in many fields or disci-

plines where there arose a need to understand, and often control,

complex, multifeatured, interacting systems. This approach funda-

mentally allows a conceptual organizing scheme to be laid over what

otherwise would be considered a chaotic jumble of interacting enti-

ties and processes, the result being the orderly organization of a

complex system with definable characteristics, traceable processes

and predictable responses to external stimuli. It must be remembered,

however, that the structure imposed on the system by the analyst repre—

sents a subjective expression of opinion on its structure and behavior.

Although the manifestation of this expression may be a sophisticated

model, any model represents only one of many views of reality.

2.1 Background

This approach may be applied to existing systems or to the

planning and construction of new systems. The latter of the two,

systems planning, has enjoyed a wide popularity in educational develop—

ment and administration (Tanner, 1971; Silvern, 1965; Haefele, 1971;

LeBaron, 1969; Thompson, 1971), where enormous systems need to be

_ developed for things as diverse as state wide curricula and school

district food services. The systems planning approach usually devel—

Ops the system graphically, so that interactions and feedback loops

may be identified, but rarely goes into the mathematical or computer



 

modeling stage.

The application of systems analysis to existing systems, on the

other hand, usually includes the development and testing of a mathe—

matical computer model as well as experimentation with that model

(Manetsch and Park, 1974 a, b). Such analysis and modeling has been

applied to many seemingly unrelated areas including economics (Ellis,

1965; Abkin, 1965), the dynamics of world populations (Forrester, a,

b; Meadows, 1972), and ecosystem analysis, control and prediction

(Levine, 1975; May, 1974; Patten, 1972; Arnold and deWitt, 1976; etc.).

Silvern (1967) successfully applied systems methodology to an educa—

tional system in order to develop a model describing feedback signal

paths from outside the school or school district to an occupational

teacher. Although he did not develop a computer model, he concluded

that "models can be developed which have an immediate, practical

application (to education)." In addition he suggests, ". . . consider

a number of mathematical techniques, select promising mathematical

techniques and synthesize a set of expressions, using both flowchart/

mathematical model combinations similate to test the model. Using

problems from real—life simulate to solve problems on the model,

apply the problem solutions to real—life, improve the model based on

real-life experiences, and extend this technique of systems analysis

and synthesis (anasynthesis) to other problem areas."

In a paper unrelated to systems analysis, Carrol (1963) when

discussing his proposed model of school learning, states; "What is

J needed is a schematic design or conceptual model of factors affecting

success in school learning and of the way they interact." He then

goes on to propose his five component model of school learning;



aptitude, ability to understand instruction, quality of instruction,

learning opportunity (time related) and perseverance, and suggests

several mathematical or functional relationships between the variables.

In his conclusions he adds; ". . . it should be possible in principle

to describe the pupil's success in learning a series of tasks by

bummafing the results of applying the model successively to each

component task."

Carrol and Silvern have both implicitly suggested that a learning

experience may be simulated using a quantitative model, and that such

a simultation might provide useful insights into the learning process.

Additionally, such modeling might lead to mathematically predictable

learning performance.

It is the purpose of this study to follow the leads given by

Silvern and Carrol and investigate the application of some of the

techniques of systems analysis and modeling to a series of learning

experiences, and explore what the resultant quantitative model tells

us about such experiences.

2.2 Theoretical Model Development

Although any experience may be, and probably is, a learning

experience only formal or structured learning experiences such as

the lecture, laboratory and group discussion will be considered in

this study.

A student begins Such a learning experience with a certain level

of knowledge and understanding. During the experience something is

J transmitted so that the student emerges with a slightly altered state

of knowledge and understanding. The purpose of the experience was to

transmit or teach a certain amount of subject content, manual and
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Although all are of importance to themental skills, and processes.

learner, the transmittal of subject content will serve as the chief

focus of the model building. The learning experience may then, for

the purpose here, be defined as a process of finite length through

which a student (or learner) may be said to "pass", and during that

passage is exposed to a certain amount of content knowledge, all or

a fraction of which is learned or added to the previous knowledge

base of the student.

The first step in this modeling process is to examine the sub?

ject content of the hypothetical learning experience. The subject

content of any intentionally designed learning experience is usually

a reflection of what might be called the "base" content of the relevant

disciplinary field. The subject content presented to the learner is a

simpler, less complex version of what is known by the experts in the

field. The more complex, underlying content will be referred to as

Phase I content, as compared with the Phase II or simpler content pre—

pared for the student digestion during the learning experience. The

Phase I content serves as a "reference frame" for the Phase II content

to be taught.

Suppose that the Phase I content consists of five concepts

(A, B, C»D, and E) which are related in several ways. The relation—

ships may be schematically illustrated as shown below:
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Here concept C is defined in part by concept A (i.e., A is included

in the definition of C), concept B affects concept A (perhaps a direct

empirical relationship), B defines D, and E is a parameter of D

(D could be a physical low and E a physical constant).

The simpler Phase II or selected content for the learning exper-

ience analogous to the above Phase I could be concepts A, B, C, and D;

concept E being deemed by the teachers or curriculum developers to be

unnecessarily complex or otherwise unsuited for the student audience.

The phase II concepts may also receive simpler definitions or expla—

nations for presentation to the students.

Once the Phase II subject content has been determined it is

necessary to examine the match between it and the content actually

tested or evaluated for at some time after the learning experience.

This tested content, usually the only measure of student learning is

generally a subset of the Phase II content. Thus, in our modeling of

a learning experience the absolute or Phase 1 content, (all the subject

content which could be taught), the Phase II content (which is actually

presented) and the tested content must be examined and compared.

In the modeling of a system where entities pass through a series

of transformation processes it is necessary to describe those entities

with a collection of state variables reflecting the changes imparted

on them by the processes. Here the learning experiences is the process

and learners or students are the entities passing through the process.

To develop the necessary state variables the general method of variable

or information classification suggested by Tamir (1976) may be used.

Relevant information on student learners is classified according to

this method into one of three categories: antecedents, transactions,

or outcomes. This corresponds to the data describing the individual
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student upon beginning the learning experience (antecedents), what

the student learner does and what happens to him or her during the

course of instruction (transactions), and the effects of that instruc-

tion upon the student learner (outcomes). Thus, each student complet-

ing the learning experience is described by a set of background data

(antecedents), a set of data describing the instruction (transactions)

and a set of data describing the knowledge obtained during the instruc-

tion (outcomes). These variables describing each set of data are the

students‘ state variables.

The partitioning of student state variables into antecedents,

transactions, and outcomes is based on Tamir's (1977) practical

adaptation of Bloom's Theory of school learning (1977). Bloom re—

lates learning outcome as a variable to student characteristics and

quality of instruction. Student characteristics may be divided into

either cognitive entry behaviors or affective entry behaviors. The

effect of the quality of instruction combined with the student's

cognitive and affective behaviors determine learning outcomes. Out-

comes are classed as affective level and type of achievement and rate

of learning. BloomhsTheory, based on extensive research review,

claims that up to 50% of the variation in school achievement may be

accounted for by cognitive entry behaviors, 25% by affective entry

characteristics, and up to 25% by quality of instruction. Taken

together he claims that cognitive entry behaviors and affective entry

Characteristics account for up to 65% of achievement variation. Adding

quality of instruction raises the limit up to 90% of the variation

(Bloom, 1977).

As quality of instruction is difficult to measure, this study

is concerned with the students' cognitive and affective behaviors
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and measurable learning outcomes with existing levels of instructional

quality. Variations of Carrol's Time—on-Task Theme (1963) are also

reflected in the transactions variables.

For the purposes of this study all antecedent information on each

student is assigned to a "Background" data set or matrix B ;

—1
3. . . Bn ,B = lBl, 32, B

where n = the number of antecedent or background variables describing

each student learner.

The only transactional state variables which can meaningfully be

measured for this type of study are attendance, methods of study, and

time-on-task. Such measured variables are assigned to the Instructional

Matrix I ;

-l
I - Ill, 12, I3. . .Im

where m = the number of such transactional variables.

After an instructional session a student learner may be evaluated

for knowledge or understanding of each of the concepts presented in

the instruction. Following the example introduced earlier, suppose

the concepts A, B, C, and D are presented in an instructional session.

These concepts may be arranged in an array' C such as;

C = I A, B, c, D ['1

Testing after the learning experience may allow a value to be assigned

to each variable in an analogous array.

= —1

Ks lKA’KB’ KC’KDis

where KA through KD are quantitative measures (such as test scores)

0f the knowledge or understanding of students of each of concepts A,

B, C, and D, respectively.
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Expanding this notion, all the (Phase II) concepts presented in

a learning experience may be represented in an array C ,

-l
C _ |Cl, C2, C3, C4. Cp ‘

and measurements of the mastery of the p concepts represented in an

analogous K matrix,

Thus each student "passing through“ a learning experience may be

described by three arrays of state variables,

B) I: and K ;

representing antecedents, transactions and outcomes, respectively.

2.3 The Instructional Session; A Simple Model

Consider a student learner passing through a learning experience

or instructional session. As a result of this experience changes occur

in the student's knowledge and understanding of the material presented

and discussed. In the model these changes are indicated as changes in

the state variables describing the student. Specifically, after an

instructional session, changes have occurred in the student's version

of C. These changes are influenced by the student's background

Variables, B , by previous instruction I , by previous learning

( Cimaged as K ), by unknown student idiosyncrasies, and by the nature

0f the instructional session itself. This is shown in the diagram of





 

of Figure 2.1 below:

 

 

 

Instructional

si( Bi’Ii’ Ki) Session Si(Bi’I i, K£)

I ==

1__€_J

K’=f€(B.,Il, i) ’ I;=11+I,c;oci<;

Figure 2.1

Student Si described by the state variables of Bi’ Ii (previous instruc-

tion) and Ki (reflecting entry level knowledge Ci) undergoes an instruc—

tional session represented by I As a result of this session the5'

student's state variables are transformed; the student has new understand—

ing or mastery of particular concepts, described as alternations to Ci

reSulting in (:5 which are reflected as measurable alterations to Ki’

resulting in la. In addition, new instructional bookkeeping data is added

to Ii' Bi is unaffected by the instruction. The changes iIICi reflected

inl<i are influenced by Bi, Ii and previous concept knowledge (measured in

Ki). Thus, the instructional session may be described analytically by a

transfer function, fg’ operating on the state variables, and represented

by:

For any one student the transfer function may be viewed as exact,

reflecting both the effect of the instructional session and the exact-

neSs of concept mastery measurement. However, for the modeling process

we consider a large number of students passing through the same instruc—

tional sequence and the single transfer function representing the effect
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of the instruction is based on an aggregate approximation and is

inexact.

Suppose now that students were exposed to a number of learning

experiences sequentially. That passage from one instructional ses—

sion to the next may be modeled graphically as shown in Figure 2.2

 

      
 

below.

Instructional Instructional Instructional

9

Si(Bi"Ii’Ki) S . s . Se. 31(31’12’Ki)
I essmn _. eSSion ssmn .

l 2' 5

Figure 2.2

Each instructional session could have a transfer function associ—

ated with it if student concept mastery was evaluated between sessions,

or the entire string of sessions could have just one transfer function

if concept mastery were tested for after session 5 . In either case

the transfer functions or function describe in some sense the effects

of the instructional sessions in this type of model.

In this study this simple concept of systems analysis shown in

Figure 2.2 has been applied to the instructional systems of a college

biological science course which consists of a series of lectures, labora—

tories, small group discussions, and other learning activities. Stud-

ents are viewed as the entities passing through the instructional

processes of the course, and the changes in their knowlege of a subset

of the content taught in the course as measured through their test

JPerformance is considered to be the result or product of the course.

Ecology, a main component of modern biology, is used as the subset of

content on which student performance is monitored. Each course compon—

ent is viewed as an instructional session contributing to the students'
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knowledge of biology, and ecology in particular. The effects of the

instructional sessions are aggregated on a weekly basis and related

through the model to student performance in ecology concepts based

on items from the weekly quiz. Student concept performance is also

related through the model to a large array of background information

collected at the beginning of the course. Successively applied and up—

dated through the ten weeks of the course, the model provides a some—

what different view of a standard academic course. The model is also

tested for transferability across terms to validate the goodness of

fit between the model and the process.

2.4 Possibilities

The model presented in this study may provide the experimenter

with a new viewpoint on conceptualization of sequential learning exper—

iences. The model itself is a very simplistic, structured construct

which reflects the basics of the instructional processes of the course.

It is the intent of the modeling scheme to organize and uncover the

relations of content, background, instructional behavior, and learning

output. Such an organization may prove useful to future researchers

who need constructs for organizing and analyzing instructional exper—

iences and may lead to the study of previously unrecognized relation-

ships.

In Chapter 7 a possible application of the model is presented.

The parameters of the model developed during this study are analyzed

and student groups are developed which differ on instructional activ—

ity and performance in the course. Suggestions or hypotheses on

methods_of improving the learning performance of each group based on

the group characteristics was developed. This grouping analysis based

on the results of the model building process may be a link between a
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research tool and classroom implementation. The systems model organizes

the process into an intelligible schema from which definite relation—

ships emerge, relationships that may be useful in course improvement.



1

CHAPTER 3

THE COURSE AND CONTENT ANALYSIS

3.0 The Course

The course chosen for modeling was Biological Science 202 (BS 202).

At Michigan State University BS 202 is a medium sized course serving

approximately one hundred students each term. It is one of six science

and mathematics courses required in the undergraduate science and math

option of the Elementary Education curriculum, and is the only opportu—

nity in this curriculum for the comprehensive study of biology. The

student population in BS 202 is composed of over 60% Elementary Educa-

tion majors and is an extremely heterogenous group, varying widely in

academic background, aptitude and attitude. Previous studies (Enochs,

1977; Tamir, 1977) have shown that the group as a whole is academically

representative of the lower half of the University's undergraduate

population.

The course typically consists of one hour of lecture, two hours

of group laboratory or small assembly session (SAS), open hours for

independent laboratory study using auto—tutorial cassette tapes, and

a quiz each week for ten weeks. A comprehensive final examination is

given at the end of the course. The student is expected to work with

an average of two cassette tapes for several hours each week. The 17

'tapes are in sequence following the general outline of the course.

There has also been a set of behavioral objectives covering a wide

area of biological content developed for the course. The course is

16
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closely centered around these objectives.

One of the problems with BS 202 is that although a fair proportion

of students do well in the course, a significant number perform at a

poor or mediocre level (Enochs, 1977). This occurs in many science

courses and is usually not considered a problem. However, the majority

of students in BS 202 receive Elementary Teacher Certification and go on

to teach in elementary schools. Since these students through their con-

tact with young children exert an influence on society disproportionate

to their number, it is particularly important that they develop a thor—

ough mastery and understanding of course material. The economic and

time boundaries of this course, as are most others, are finite and limit

what may be far reaching effects. Thus, any analytical findings which

point toward increased optimization of instructional resources and

student mastery are important.

A complete course outline for BS 202 as taught during the term

studied (Fall 1977) is included in Appendix A.

3.1 Content Analyses

The concept of Ecosystem represents one of the major unifying

themes of the BS 202 course. It was chosen as the concept focus on

this study not only because it is a central thread in BS 202 but also

because it is important to the understanding of many contemporary

political and social issues or problems. The concept of Ecosystem at

the level appropriate for the BS 202 student has the additional ad-

vantage of being composed of a small, finite number of simpler concepts.

There are a number of different techniques available to the

curriculum analyst for the decomposition of content. For this study,

it was necessary that the concept of Ecosystem be broken down into

Simpler, component concepts and the relationships between these
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concepts elucidated. The analytical method used here is described by

Smith (1974, 1975) as the first stage in the process of developing

analytic and exemplary systemic networks for a specific discipline or

subdiscipline. The author has used this method (Brandenburg, 1976)

and it has proven to be a useful technique for the analytical decompo—

sition of a content area. Basically, the method requires that the

content analyst be conversant with the content area under scrutiny.

The analyst systematically decomposes the content, using reference

sources until the "fundamental" concepts and relationships are clearly

revealed. These relationships are then expressed diagrammatically.

It is an iterative process with much left to the creative ingenuity of

the analyst.

The content analysis for this study was divided into two phases.

In Phase I a complete content analysis of the concept of Ecosystems

was performed to a greater "depth" than appropriate for the students

in the BS 202 course. This was done by detailing the component concepts

of Ecosystem to a level appropriate for a course in the fundamentals of

ecology for college biology majors. From this in—depth analysis, the

origins and relationships of the Ecosystem concepts taught in BS 202

are apparent. Phase II consisted of analyzing the content presented in

each instructional component of the course using the first phase analysis

as a reference frame. In the lectures, small assembly sessions, tape

labs, textbook readings and practice quizzes a simplified, reduced

version of the content elucidated in the first phase was uncovered. This

was the level of detail deemed appropriate by the course designers for

a ten week course for preservice elementary education majors with little

Previous science experience. The Phase II ecosystem concepts serve as
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a basis for the concept mastery or performance indices used in the

systems model describing the course.

Phase I Content Analysis
 

The first phase of content analysis consisted of detailing the

component concepts subSumed under the concept "Ecosystem", and illus—

trating their interrelationships. The level of complexity, or "depth”

chosen for this analysis was one which would be appropriate for a course

in the fundamentals of ecology for college biology majors; a level con—

siderably more sophisticated than necessary for the BS 202 course.

Eugene Odum, a noted authority in the fields of Ecology and

Ecosystems, has authored a textbook designed for three levels of stu-

dents. Fundamentals of Ecology (1971) is partitioned into three "Books"

by the level of difficulty. Book 1 (chapters 1, 2, 3, 4, 9, 15, 16 and

21) was designed for study by "lay students" those in the social sci—

ences, humanities, and other non-biological professions. It provides

a macroscopic View of ecology. For the undergraduate college course in

ecology for biology students, Book 2 (chapters 1 through 10, 15, 16

and 21) may be used. All twenty—one chapters (Book 3) may be used as a

comprehensive reference work or graduate course textbook. Book 2 was

subjected to content analysis in order to provide a reference frame for

the ecosystem concepts taught in BS 202.

Figure 3.1 presents the results of the phase one content analysis.

In this graphic representation each concept subsumed under "Ecosystem"

is represented as a node connected by propositional "bridges" to other

concepts. The total, interrelated web of concepts represents the com-

. plex concept of Ecosystem. Each of the subsumed concepts in the web,

may be broken down into simpler, more primitive concepts, and could be

represented by a smaller but equally complex web of concepts. However,
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it serves no purpose here to break these concepts down further. Rather,

a definition of each is presented in Table 3.1.

In addition to the definitions provided many of the concepts in

Figure 3.1 include a reference to a particular section of Odum's book

(1971) which more fully explains the principles and expands the rela—

tionships involved. For instance, in the relationships among the con—

cepts in Figure 3.1 the Ecological Niche describes an organism as

detailed in Odum, section 8.1: "The ecological niche...is a term

that includes not only the physical space occupied by an organism, but

also its functional role in the community and its position in environ—

mental gradients of temperature, moisture, pH, soil and other conditions

of existence.“ The Competitive Exclusion Principle further details the

complexity of the concepts; (from Odum, section 7.17) "Interspecific

competition is any interaction between two or more species populations

which adversely affects their growth and Survival...The tendency for

competition to bring about an ecological separation of closely related,

or otherwise similar, species is known as the competitive exclusion -

principle." Thus, the bridges shown attempt to represent the more

complex definitional linkages.

Phase II Content Analysis

Using the set of concepts detailed in the previous section, the

content of the BS 202 course was searched for Ecosystem concepts. The

ten lectures were first analyzed in detail for ecosystem concepts.

Then, each small assembly session, tape lab, textbook reading, and

practice quiz was thoroughly examined for references to these concepts

and catalogued by the nature of concept coverage. The weekly quizzes

and the final exam were similarly analyzed for concept coverage.
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TABLE 3.1

PHASE ONE CONCEPT DEFINITIONS

Concept

Abiotic

Abiotic Materials

(Substances)

Allee's Principle

Antibiosis

Age Distribution

Area

Behavior

Biogeochemical Cycles

Biotic Cycling Rates

Biotic Environment

Biological Control

Biotic

(from Odum, 1971)

Definition

Not biological; not involving organisms or

that produced by organisms.

Basic inorganic and organic compounds, such

as water, carbon dioxide, oxygen, calcium,

nitrogrn and phosphorus salt, amino and

humic acids, etc., generally found outside

of living organisms. Abiotic materials

comprise one of the basic units of ecosystem.

For some populations the degree of aggrega—

tion and overall density which results in

optimum population growth and survival varies

with conditions. Undercrowding as well as

overcrowding may be limiting factors.

An interaction between two populations in

which one population produces a substance

harmful to the competing population.

The age structure of individuals within a

population.

The unit in which ecological interaction

takes place.

The response of an organism to its biotic

and physical environment.

The chore or less circular paths by which

the chemical elements, including all the

essential elements of protoplasm, tend to

circulate in the biosphere, from environ-

ment to organisms and back to the environ—

ment.

The rate of transfer of organic compounds

through the ecosystem.

The organisms and organic materials within

an organism‘s environment.

The use of biological factors to control a

population; the introduction of predators,

parasites, etc., into a particular ecosystem

to induce a population reduction of the

controlled organisms, causing an equilib—

rium condition with a smaller population size.

Biological, pertaining to organisms and their

products.
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TABLE 3.1 (Continued)

Concept

Biotic Potential

Carrying Capacity

Chemical Environment

Climax State

Coevolution

Competitive Exclusion

Principle

Commensalism

Community (Biotic)

Competition

Protocooperation

COupled Metabolic

Transformations

Crowding

Definition

"The inherent property of an organism to

reproduce, to survive, i.e., to increase

in numbers." Maximum reproductive power.

The maximum population growth rate under

ideal conditions.

The maximum population that a given environ—

ment can support indefinitely.

The chemical elements, compounds, and

conditions within the ecosystem.

A relatively stable stage reached in some

ecological successions.

A type of community evolution (i.e., evolu-

lutionary interactions among organisms in

which exchange of genetic information among

the kinds is minimal or absent) involving

reciprocal selective interaction between

two major groups of organisms with a close

relationship, such as plants and herbivores,

large organisms and their microorganism

symbionts, or parasites and their hosts.

The tendency for competition to bring about

an ecological separation of closely related,

or otherwise similar species.

An interaction between populations of two

species in which one population is bene—

fited but the other is not affected.

Any assemblage of populations living in a

prescribed area or physical habitat.

In ecology, utilization by two or more

individuals, or by two or more populations,

of the same limited resource; an interaction

where both parties are harmed or limited.

Type of interaction between two species in

which both populations benefit by the

association but relations are not obligatory.

Coupled energy flows and matter cycles within

a community; where the organic compounds

produced by one segment are necessary metab-

olic inputs for another.

The situation arising when a large number

of organisms of the same species inhabit a

confined area; occurs in areas of high

population density.
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TABLE 3.1 (Continued)

Concept

Cycling Rates

(Population) Density

Detritus

Detritus (food chain)

Diversity

Dominants

Ecological Equivalent

Edge Effects

Ecological Niche

Ecosystem

Ecotone

Emigration

Energy Conversion

Definition

The rate of process within the ecosystem;

the rate of a complete cycle of trans—

formations.

Population size in relation to some unit

of space-—generally assayed and expressed

as the number of individuals, or the

population biomass, per unit area or volume.

All the particulate organic matter involved

in the decomposition of dead organisms.

One of the two basic types of food chain,

which goes from dead organic matter into

microorganisms and then to detritus-

feeding organisms (detritivores) and their

predators.

The condition of being different. The

multiplicity of differences among organisms.

The organisms which exert the chief control

or influence over an ecological community.

Organism that occupy the same or similar

ecological niches in different geographical

regions.

The tendency for increased variety and dens—

ity at community junctions or areas of

interaction.

The physical space occupied by an organism,

its functional role in the community, and

its position in environmental gradients of

temperature, moisture, pH, soil, and other

conditions of existence.

Any unit that includes all of the organisms

(i.e., the "community") in a given area

interacting with the physical environment

so that a flow of energy leads to clearly

defined trophic structure, biotic diversity,

and material cycles within the system.

A transition between two or more diverse

communities as, for example, between forest

and grassland or between a soft bottom and

hard bottom marine community.

A form of population dispersal with one-way

outward movement.

The transformation of one form of energy to

another; usually involving heat loss.
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TABLE3 .1 (Continued)

Concept

Energy Environment

Energy Input

Energy (Heat) Sink

Entropy

Environmental Resistance

Equilibrium

Evolution

Extinction

lst Law of Thermodynamics

Fluctuations

Food Chain

Food web

Genetic Characteristics

Grazing (food chain)

Growth

Group Selection

Definition

The forms and amounts of energy within an

ecosystem.

A source and amount of energy entering a

process.

'An element or area which collects unusable,

usually heat, energy.

A measure of the unavailable energy in a

closed thermodynamic system.

The sum total of the environmental limit-

ing factors acting on a population.

A state of balance between opposing forces.

The change in the genetic make-up of a

population with time.

The process or state of no longer existing

pertaining to a population or species.

For a closed thermodynamic system the total

amount of energy present remains constant

regardless of the transformations it

undergoes.

The uncertain shiftings about some point.

The transfer of food energy and organic

matter from the source in plants through a

series of organisms with repeated eating

and being eaten, through a final decomposi—

tion to inorganic materials.

The interlocking pattern by which food

chains are interconnected with one another.

Characteristics of an organism or popula—

tion caused by gene activity.

One of the two basic types of food chains

which, starting from a green plant base,

goes to grazing herbivores and on to

carnivores.

The increase or expansion of a population

or community.

The natural selection between groups of

organisms not necessarily closely linked

by mutualistic associations, leading to the

maintenance of traits favorable to popula—

tions and communities, but selectively dis—

advantageous to genetic carriers within

populations.
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Concept

Growth Form

Habitat

Homeostasis

Human Interference

Immigration

Intrinsic Rate of

Natural Increase

Isolation

Law of the Minimum

Limiting Factors

Macroconsumers

Metabolism

Microconsumers

Migration

TABLE 3.1 (Continued)

Definition
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The shape of the arithmetic plots of the

population growth curves. May be J or

S-shaped.

 

The place where an organism normally lives.

The term generally applied to the tendency

for biological systems to resist change and

to remain in a state of equilibrium.

Human meddling and disruption of ecosystems.

One-way inward movement form of population

dispersal.

The growth rate of a population under ideal

or unlimited conditions.

Complete geographical separation from other

individuals or populations.

Liebigs law of the minimum: Under steady

state conditions the materials essential

for organism growth and reproduction avail—

able in amounts most closely approaching

the critical minimum needed will tend to

limit the organism.

Factor retarding the natural growth rate

of a population.

Phagotrophs (phago=to eat) heterotrophic .erwv

organisms, chiefly animals, which ingest

other organisms or particulate organic

matter.

The sum of the chemical reactions within

a cell or organism including the energy~

releasing breakdown of molecules and the

synthesis of complex molecules and new

protoplasm.

Saprotrophs osmotrophs, heterotrophic

organisms, chiefly fungi and bacteria,

which break down the complex compounds of

dead protoplasms, absorb some of the

decomposition products, and release by the

producers together with organic substances,

which may provide energy sources or which

may be inhibitory or stimulatory to other

biotic components of the ecosystem.

The periodic departure and return of indi—

vidual organisms from an area. A form of

population dispersal.
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TABLE 3.1 (Continued)

Concept

Modifers

Mortality

Multidimensional Niche

Mutualism

Natality

Natural Balance

Nutrients

Nutrient Recycling

Organism

Parasitism

Pattern

Physical Control

Physical Environment

Physical Limiting Factors

Population

Population Dispersal

Definition

Factors limiting or restricting a process.

Equivalent to the "death rate" in human

demography. Refers to the death of indi—

viduals in the population more or less the

antithesis of natality.

A multidimensional space or hyper volume

within which the environment permits an

individual or species to survive

indefinitely.

A type of two-species population interac-

tion, in which growth, and survival of both

populations is benefited and neither can p

survive under natural conditions without

the other.

The inherent ability of a population to

increase. Natality is equivalent to the

"birth rate" in the terminology of human

population study. It is simply a broader

term covering the production of new indi—

viduals of any organism.

The dynamic equilibrium between the compo—

nents of an ecosystem with no external,

man made influences.

A substance usable in metabolism. v"'“‘“"

The continual passage and transformation

of nutrients through an ecosystem.

An individual living thing.

A symbiosis in which one organism benefits

at the expense of the other.

The structure that results from the distri-

bution of organisms in, and their inter—

action with, their environment.

The use of physical, non-biological means

to control a population.

The abiotic surroundings of an organism.

Factors of the physical environment which

limit a population's growth.

A collective group of organisms of the same

species occupying a particular space.

The movement of individuals or their dis—

seminules or propagules (seeds, spores,

larvae, etc.) into or out of the popula—

tion or population area.
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TABLE 3.1 (Continued)

Concept

Predation

Producers

(Primary) Productivi ty

Population Density

Population Structure

Reproductive Processes

2nd Law of Thermodynamics

Sedimentary Recycling

Selection Pressure

Self Regulation

Seral Stages

Social Attraction

Special Niche

Species

Definition

The feeding of freeliving organisms on

other organisms.

Autotrophic organisms, largely green

plants, which are able to manufacture food

or organic compounds from simple inorganic

substances.

The rate at which radiant energy is stored

by photosynthetic and chemosynthetic activ-

ity of producer organisms, in the form of

organic substances which can be used as

food materials.

Population size in relation to some unit

of space. Generally assayed and expressed

as the number of individuals, or the popu-

lation biomass, per unit area or volume.

The age distribution, stages and other

parameters which describe a population.

The processes involved in the replication

of organisms.

A natural process within a system that

begins in one state of equilibrium and ends

in another will go in the direction that

results in the largest entropy increase

for the system and environment.

The cycle of matter in which erosion, sedi—

mentation, mountain building, volcanic

activity, and biological transport are the

primary processes.

Factors within the environment which influ—

ence the natural selection of traits within

a population.

The control and regulation of a system

through feedback to maintain some equilib-

rium condition.

Each of the transitory communities or

developmental stages in the ecological

succession of an area.

Behavior resulting in the aggregation or

clumping of social populations.

An organisms microhabitat.

The largest unit of population within which

effective gene flow occurs or could occur.
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TABLE 3.1 (Continued)

Definition

The multiplicity of differences among

organisms.

The progressive change in the plant and

animal life of an area.

Resistance to change; the ability of a

system to restore equilibrium after being

disturbed.

Reserves of elements of compounds.

The continuation of existance, the

process of maintaining existance against

environmental pressures.

Any active mechanism that spaces individuals

or groups apart from one another.

The total number of individual organisms

within a population.

A nutritional level within the food chain.

The nutritional of food chain role and

position of an organism in the ecosystem.

The structure of the food web in an

ecosystem.
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Lecture Content

Table 3.2 presents a summary of the lecture coverage of the

concepts subsumed under Ecosystem. For each of the ten lectures the

concepts covered, the method of treatment, examples, and the connec—

tions made between concepts are detailed. The first column in Table

3.2 contains the concepts presented in lecture. These concepts are

defined in Table 3.3 as they were used in the course. The set of

lecture Ecosystem concepts listed in Table 3.3 contains many of the

concepts defined in the Phase I content and several not presented

before. These new Ecosystem concepts are amalgamations or simplifica—

tions of the basic set of concepts. The relationship of these and

previously introduced concepts are contained in the definitions of

Table 3.3.

A discussion of the method of concept presentation is contained

in the second column of Table 3.2. The following presentation methods

were commonly used in lecture:

1) Definition; a concept definition was presented and several

examples provided.

2) Expanded Definition; a concept definition was presented

and discussed at length, with many examples provided.

3) Definition by example; a concept was defined by providing

a number of common examples——"water and silicon dioxide

(sand) molecules are common examples of inorganic molecules."

4) Review definition; definition restated often with restatement

of examples and addition of new examples.

5) Implicit definition; concept definition implicit in discussion

--the sun produces energy (therefore it acts as an energy

source).
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6) Undefined; concept is undefined and is understanding presumed——

i.e., "energy flows into the ecosystem...," (without previously

providing a definition of energy).

7) Mentioned——a previously defined concept is referred to without

elaboration.

Examples mentioned in connection with the concepts are listed in

the third column of Table 3.2. Connections and interrelations between

concepts cited in lecture are contained in the fourth column.

The lectures were tape recorded and these tapes were made avail—

able for student use on the day after the lecture was presented. These

lecture tapes are, of course, identical in content to those presented

in the live lecture.
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TABLE 3.3

BS 202 ECOSYSTEM CONCEPT DEFINITIONS

(Keeton, 1973; Odum and Odum, 1976; Woolf, 1976)

Concept

Age Distribution

Area

Autotroph

Behavior

Biomagnification or

Biological Magnification

Biomass

Biome

Biosphere

Biotic Potential

Birth/Death Rate

Carrying Capacity

Chemical Bond

Climax

.Commensalism

Community

'Definition

The relative distribution of age

cohorts within a population

The unit in which ecological inter-

action takes place.

An organism capable of manufactur—

ing organic compounds from inorganic

raw materials. A producer.

The response of an organism to its

biotic and physical environment.

Increasing concentration of rela-

tively stable chemicals as they are

passed up a food chain from initial

consumers to top predators.

The total weight or volume of all

the organisms, both plant and animal,

in a given area.

A major climax plant formation.

The part of the Earth in or on which

life can occur.

The maximum population growth rate

under ideal conditions.

The ratio of the number of births

or deaths divided by the number of

individuals in the population.

The maximum population that a given

environment can support indefinitely.

The energy or force uniting two or

more chemical atoms or molecules in

a molecular state.

A relatively stable stage reached in

some ecological successions.

A symbiosis in which one party bene-

fits and the other is neither

benefited nor harmed.

A unit composed of all the popula—

tions living in a given area.
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TABLE 3.3 (Continued)

Concept

Competition

Competitive Exclusion Principle

Consumer

Decomposer

Density (Population)

Density Dependent/

Independent Factors

Diversity

Ecosystem

Efficiency

Energy

Energy Conversion

EPEIgy Source

Energy Storage

Environmental Resistance

j2_

Definition

In ecology, utilization by two or

more individuals, or by two or more

populations, of the same limited

resource; an interaction where both

parties are harmed, or limited.

An ecological principle: Two species

cannot for long simultaneously occupy

the same niche in the same area.

An organism which feeds on other

organisms.

An organism responsible for the

breakdown of organic matter to

simpler forms.

The number of individuals per unit

area.

Factors which affect the growth of

a population, and are either related

or not related, respectively, to the

density of the population.

The condition of being different.

The multiplicity of differences

among organisms.

The sum total of physical features

and organisms occurring in a given

area, and their interrelationships

and interactions.

The ratio of the useful energy

delivered by a dynamic system to

the energy supplied to it.

A fundamental quantity, measuring

the ability to accomplish a process;

the capability to do work; the

ability to produce heat.

The transformation of one form of

energy to another (i.e., chemical

to heat).

A physical entity which produces or

stores energy in some form.

The maintenance of energy in a

single form (i.e., chemical energy

is stored within the ATP molecule).

The sum total of the environmental

limiting factors acting on a

population.
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TABLE 3.3 (Continued)

Concept Definition

Equilibrium A state of balance between opposing

forces.

Eutrophication The process in which body of water

becomes rich in nutrients but often

shallow and seasonally deficient in

dissolved oxygen.

Evolution Change in the genetic makeup of a

Flow of Energy

Food Chain

Food Web

Growth

Habitat

Hetertroph

Homeostasis

Immigration

Inorganic Molecule/Element

Life Cycle

Matter Cycle

. Metabolism

population with time.

The movement or passage of energy

through an ecosystem.

Sequence of organisms, including

producers, consumers, and decomposers,

through which energy and materials may

move in a community.

The complex interrelationships of

food chains.

The increase or expansion of a popu—

lation or community.

The kind of place where a given

organism normally lives.

An organism incapable of manufactur—

ing organic compounds from inorganic

raw materials; requiring organic nu—

trients from other sources; consumers

and decomposers.

The tendency of a system toward

maintenance of stability.

The movement of individuals into a

population area from other areas.

A chemical compound not based on

carbon.

The stages an organism passes through

between conception and death.

The movement or passage of matter

within an ecosystem.

The sum of the chemical reactions

within a cell (or a whole organism),

including the energy-releasing

breakdown of molecules and-the syn—

thesis of complex molecules and new

protoplasm.

7?
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Concept

Mutualism

Natality

Natural Selection

Niche

Nutrient

Organic Molecule

Organism

Parasitism

Photosynthesis

Physical Environment

Population

Predation

Producer

Reproduction

Respiration

' Saprophyte
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TABLE 3.3 (Continued)

Definition

A symbiosis in which both parties

benefit.

Birthrate.

Differential reproduction in nature,

leading to an increase in the fre—

quency of some genes or gene combin-

ations and to a decrease in the

frequency of others.

The functional role and position of

an organism in the ecosystem.

A substance usable in metabolism.

A chemical molecule containing carbon.

An individual living thing.

A symbiosis in which one party bene-

fits at the expense of the other.

Autotrophic synthesis of organic

materials in which the source of

energy is light.

The abiotic surroundings of an

organism.

A group of individuals belonging to

the same species.

The feeding of free—living organisms

on other organisms.

An organism responsible for the con—

struction of organic molecules from

inorganic matter, facilitating the

capture of energy within the

ecosystem.

The process by which organisms give

rise to offspring.

(l) The release of energy by oxidation of

fuel molecules.

(2) The taking in of O and release of

. 2
C02; breathing.

A heterotrophic plant or bacterium

that lives on dead organic material,

a decomposer.

9a”



Long

Spen‘

Succ‘

Temp

Ten

Tro‘

 



Concept

Species

Succession

Symbiosis

Temperature

Territory

Trophic Level
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TABLE 3.3 (Continued)

Definition

The largest unit of population within

which effective gene flow occurs or

could occur.

The progressive change in the plant

and animal life of an area.

[Gk bios life]. The living together

of two organisms in an intimate

relationship.

The degree of hotness or coldness

of a physical object measured on

a definite scale.

A particular area defended by an

individual against intrusion by other

individuals, particularly of the

same species.

A nutritional level within the food

chain.
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Small Assembly Session Content

The Ecosystem concepts covered in each of the nineteen small

assembly sessions are presented in Table 3.4. Each SAS was taught

by one of the three assistants assigned to the course. The assist—

ants were provided with an outline of the topics to be covered in

eash SAS, but the details of the session were left to the individ—

ual's initiative and teaching style. Consequently, there was a

considerable variation among concept coverage. Although we can

be certain that the concepts were covered, no parameter describing

the extent of that coverage can be assigned to the SASs. l

Tape Laboratory Content

A catalogue of the Ecosystem concepts presented in the prere—

corded tapes used in the individualized instructional sessions is

presented in Table 3.5. This listing was developed by analyzing

the scripts of each of the seventeen tapes and the objectives for

each of the individualized instructional sessions.

Textbook Reagipgs

The main textbook used for BS 202 was Keeton's Elements of

Biological Science (1973). Burnett's Zoology (1973) and Botany (1970)

were also used as supplementary resources. The Ecosystem concepts

covered in each of the ten weekly reading assignments are presented

in Table 3.6. No attempt was made to quantify the extent of concept

coverage in the reading assignments.

Practice Quiz Content

A practice quiz was made available to the students each week

several days before the official quiz. The practice quizzes were not

V a mandatory requirement of the course, but served as an exercise for
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those students who elected to use them. The content covered in each

of the nine practice quizzes is catalogued in Table 3.7. All the

practice quizzes were available for student review in preparation for

the final exam.

In each of the practice quizzes all the ecosystem concepts which

occurred in the questions and in fill of the possible responses are

listed in Table 3.7.

3.2 Quiz Content and Concept Mastery Assessment

Table 3.8 contains the results of the content analysis of the

course quizzes and the final exam. 'Each test item was examined for

ecosystem content and catalogued accordingly. Only those concepts which

appeared in the body of the question and in the correct response are

listed in Table 3.8. Many test items included additional ecosystem

concepts in the incorrect responses, but these concepts were not cata—

logued. If a student answered an item correctly, then it may be as—

sumed that either the student has some understanding of the concepts

in the body of question and the correct response, or made a good guess.

If an incorrect response was chosen, it is not possible to ascertain

whether the student did not understand the concepts in the correct

response, did not understand one or more of the concepts in the re—

sponse chosen, did not understand the concepts in the body of the

question, or did not understand some combination of these three

possibilities.

Table 3.8 lists only those test items which contained ecosystem

concepts. For each test item the concepts covered and examples used

are cited. Under the Comments column the possible methods or combi—

nation of methods employed by students to answer the question are

listed. For instance in the quiz item below (item 11 of Quiz 10),



 

m
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TABLE3 .7

ECOSYSTEM CONCEPTS COVERED IN THE WEEKLY

PRACTICE.QUIZZES

 
Practice

Quiz Ecosystem Concepts Covered'  

Population, Species,Community, Ecosystem, Biosphere,

1 Organisms, Energy Source, Physical Environment, Energy

Flow, Reproduction, Behavior, Producers, Censumers

Organic and Inorganic Molecules, Organism, Decomposer,

  

2 Energy, Physical Environment, Energy Storage, Producer,

Consumer

Energy, Energy Source, Inorganic and Organic Molecules,

3 Energy Flow, Photosynthesis, Physical Environment,

Producer, Consumer, Respiration

Holotroph, Organism, Producer, Consumer, Decomposer,

4 Organic and Inorganic Molecules, Nutrients, Photosynthesis,

Energy Source, Physical Environment, Respiration

Respiration, Energy Storage, Efficiency, Organic and

5 Inorganic Molecules, Energy Flow, Photosynthesis, Consumers,

Producers, Physical Environment

Organic and Inorganic Molecules, Energy Storage, Evolution,

  

  

  

  

6 Producers, Consumers, Reproduction, Photosynthesis,

Decomposer, Organism, Biosphere, Autotroph, Heterotroph

7 Reproduction, Consumer, Physical Environment, Organic and

Inoganic Molecules, Producer, Habitat

Behavior, Physical Environment, Matter Cycle, Organic and

Inorganic Molecules, Producers, Consumers, Decomposers,

9 Respiration, Eutrophication, Nutrient, Ecosystem, Food Web,

Biomass, Energy Flow, Competition, Commensalism, Mutualism,

Symbiosis, Parasitism, Trophic Level, Biome, Niche,

Succession, Climax, Diversity, Community, Reproduction

Birth/Death Rate, Age Distribution, Immigration, Growth,

Population, Density, Life Cycle, Biotic Potential,

10 Environmental Resistance, Behavior, Density Independent

and Dependent Factors, Physical Environment, Predation,

Competition, Food Chain, Producers, Consumers, Decomposers,

Biomagnification, Biotic Potential, Natality, Energy

Source, Organism
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a student might recall that responses 1 through 4 are examples of

density dependent factors, or the student might apply the definition

Dewstty dependent Mata/vs efifiecténg poputatéom tnctude att

the fioLCowtng except

1 . p/Ledatéon.

2 . competftéon.

3 . behauto/L.

4 . pa/LaAWAm.

5 . flue.

of density dependent factors against the definitions of items 1 through

5 and find that the 5th response's definition is not in agreement with

that required by the question. Either method would result in the cor-

rect choice of response 5.

In another instance a series of operations might be required to

answer a question correctly. For the following item (item 9, Quiz 10),

the student was first required to inter rat the ra h presented, apply

 

Which 06 the anus below but Aluminum caAJLytng capacity?

 

1. ab 12

2. be

3. ad Numbe/L 06 [\Avd

4. ed Indtutduwa

5. e6 0

 

Ttme

the definition of carrying capacity, and then recognize the incorrect

examples. Response "ab" represents (exponential) population growth,

"b0" rapid population collapse, "ef" slow population decline, "ad"

Pépulation equilibrium about "ed", the carrying capacity of the popu—

lation's environment. Thus, 1, 2, 3, and 5 are incorrect responses,

and 4 is correct.

Table 3.9 presents a Summary of the test item concept coverage.
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1 of the concepts tested for in the course has been assigned a

Jer and is listed in the left hand column of this table. Each

:ept is then cross referenced with the relevant test items. This

:ix of concepts versus test items serves as a basis for the con—

: mastery or performance indices discussed in the next several

)ters. Not all of the ecosystem concepts presented in the course

a covered in the Weekly tests, thus any assessment on the degree

mastery or understanding of the total Ecosystem concept is based

Inly a subset of the subsumed concepts.

Course Concepts Summary

The Ecosystem concepts treated in the course have been presented

Tables 3.2 through 3.9. Table 3.10 summarizes the concept coverage

)ughout the various instructional sessions of the course. Of this

a1 set of concepts, student mastery or learning indices could only

leveloped for those concepts that were included in the questions

:he weekly quizzes and the final exam. Although students must have

sly mastered other concepts, no evidence was collected to measure

extent of that learning. Thus, for the purposes of this study the

ent's mastery or performance on those quiz items testing Ecosystem

epts provides the only measure of the students' understanding of

total Ecosystem concept.

These measured concepts were arranged in a matrix format follow—

the convention developed in section 2.2;

_ —1
c -|Cl C2 C3.....C44

e.each element, Ci’ is.defined in Table 3.11. C contains the
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TABLE 3.11

ECOSYSTEM CONTENT MATRIX C

C

Density
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ent which was both taught in the course and effectively tested

and will be referred to as the Content Matrix. The Content

ix will serve as a central basis for the discussion of the

one components of the course model.
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CHAPTER 4

THE MODEL

Student Information

In order to efficiently gather, compile, organize, and analyze

ormation on students in BS 202 the general method of variable or

ormation classification suggested by Tamir (1976) was used. This

ormation scheme is discussed in section 2.2, the theoretical model

elopment. Relevant information on students was classified into

of three categories: antecedents or background, transactions or

tructional outcomes or performance. This corresponds to the data

:ribing the individual student upon entering the course at the

Inning of the term (antecedents), what the student does and what

)ens to him or her during the course of instruction (transactions),

the effects of that instruction upon the student (outcomes).

:, each student after completing BS 202 is described by a set of

:ground data, the B matrix, a set of data describing the instruc—

t, the I matrix, and a set of data describing the knowledge ob—

,ed during the instruction, the K matrix. The variables describ—

each set of data are referred to as the students' state variables.

Background Data

For the purposes of this study all antecedent information on

Student was assigned to a Background Matrix, B , where:

33......13 1'1,

236

236 background variables are listed and defined in Table 4.1.

B == Bl’ B2,

77
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instruments used to collect this information and the means,

ndard deviations and other statistical information for these

iables are given in Appendix B.

Instructional Data (Transactions)

Biological Science 202 has a fairly rigid instructional routine.

1 student must attend one lecture session and two small assembly

sions each week for approximately ten weeks. Each student is also

acted to spend some additional hours in the individual instructional

listening and working with 17 prerecorded lessons. In addition to

structured class time, the student also spends some time reading

studying.

Attendance data was recorded for each lecture and Small Assembly

ion. Time spent in the instructional lab was also recorded by

number for each student to give an indication of the individual's

sure to taped instruction. Data on the number of hours spent and

0d used for reading and studying the textbook and practice quizzes

also solicited on each student's weekly exam.

This attendance and study data were assigned to the Instructional

_ —1
I-I,I,I,.....I

l 2 3 108

The 108 instructional variables are listed and defined in Table 4.2.

,stical information for these variables is given in Appendix C.

Random student discussions or tutoring sessions with the instruc—

re difficult to accommodate within the framework of this model,

uch data was not to be entered into I for reasons of economy.

Er, each instructor was encouraged to keep a log of such interactions,
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trding the student(s) name, topic of discussion, and approximate

;th of the session. Such information may be useful in future exam—

‘ions of the data.

Outcomes: The K Matrix

During the course of the Fall 1977 term each student was tested

, number of items related to the concepts subsumed under Ecosystem

‘anized within C ). For each test item the student chose a re—

se which he or she considered to be the correct answer. This Item

onse, IRi for item i, ranged between 1 and 5. The set of all Item

onses for an individual student is the student's Item Response

or:

-—- -1
= . . . . . IRIR 1R1, IR2 p

p = total number of test items related to C .

,student's IR vector serves as a record of that student's test

‘choices.

The Item Performance vector, IP, is designed to serve as the

rd of the individual student's performance on each of the items or

ies in IR.

__. *

IP is defined:

IPi = 1 when IRi = correct response

IPi = 0 when IRi = any other response

1 = l. p

element of IP, IP,, is an indicator variable, indicating the

1

actness of choice of the corresponding entry in IR, IRi'

 

example; suppose 3 is the correct choice for item 14, then,

IP14 = 1, when IR14 = 13

= = 4, 51P14 0, when IRl4 l, 2,

each student.
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As indicated previously the Matrix

_ -l
C — CICZ . . . . .C

asents all the concepts associated with Ecosystem at the appro—

te level of instructional difficulty. The student's mastery or

rstanding of each element of C contributes to his or her under—

ding of the total, complex concept. The concern here is with the

es of understanding or mastery of C by each student in the course

the only method available for assessing this mastery is through the

lent‘s response and performance on each of the test items related to

'ecorded in IR and IF, respectively.

The understanding or mastery of each Ci is theoretically measured

)ne or more test items, recorded in IR and IF. Each test item may

sure the understanding of more than one concept, however, and in

7 instances if a test item is answered incorrectly it is difficult

ascertain whether it is because the student has not mastered all the

:epts present, or has mastered all but one. The student's mastery

;nowledge of a particular concept, Ci’ is defined as:

“e q = numbers of items related to Ci’ and n = number of such items.

j This yields a Ki’ such that 0 j-Ki-i l.

1probability that the student has mastered concept Ci increase as

}PProaches 1.0. Conversely, as Ki approaches 0.2 (the probability of

ising the correct answer) the student may be assumed not to have

‘ered Ci' The certainty of separating mastery from guessing increases

‘increasing n.
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The computation of a series of Kis based on IP, produces a matrix

_ —1
K— K11<2.....K44

r each student, Ki corresponding to the student's mastery of an element,

, of the concept matrix. C. l<is thus a measurement of the mastery of

, and as any meaSurement tool represents a distorted reflection of the

:udent's true understanding.

The K matrix was updated each week as the term progressed.

litially Pretest (Week 0) items provided an indication of understanding

1 some of the C13. The first weekly quiz (Week 1) provided the first

at of items on which to update some of the elements of K . As the

tems on each weekly quiz were added to the students' IR and IF vectors

he K matrix was gradually filled in. Table 4.3 illustrates the pro—

ressive addition of information to the K matrix as the term progressed

rom the Pretest to the final exam. After Week 1 (column 1 in Table 4.3)

1 through K6 and K8 through K12 were computed from the appropriate items.

see Table 3.9). After Week 2 no new information was available on K

1

hrough K6, K11, and K 2, so they retained the same values as in the pre—

1

8 and K9 were recomputed based on new information, and a

Blue for K14 was computed from the new information. Each week whenever

ious week. K

ew data was available from the quiz, the appropriate Kis were recomputed.

f no new information was available, the previous Ki values were brought

brward. This process was continued weekly for the nine quizzes and the

final. Column 10 in Table 4.3 represents the final version of the

Imatrix.

{4 Elgyigg_the Course as a System

This study, following the theoretical directions discussed in

laPter 2 applies the structure and techniques of system analysis to a
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structured college biology course, BS 202. To do this, a system

structure analogous to that shown in Figure 2.2 was imposed upon

I the course. In reality the course exists only as a difuse group

, of students passing with time through a series of instructional

activities organized in some manner. The system structure, defined

'as "the set of interactions of elements, and related variables that

intervene in the causal chain that links system outputs to system

inputs" (Manetsch and Park, 1974a), is the abstract analogue to the

physical entities and processes of an automated assembly—line. The

mathematical model of the system developed is in effect a catalog

of the mathematical or statistical relationships between the ele—

ments of the system through action on the students state variables.

Although the mathematical computer model developed for this

study is an important tool in itself, most notably through its use

in identifying "weak spots" in instruction, its chief contribution

to educational research is as an organizational framework for stu—

dent information and data on instructional processes. Such organiza—

tion places the rigorous definition and analytical usefulness of

Systems methodology on the somewhat nebulous variables suggested by

Bloom's Theory. 1

A student enrolled in BS 202, may be viewed as undergoing a

.sequential instructional process. As a result of the student's

Ldaily or weekly "processing" through various instructional sessions

~and activities changes occur in the students knowledge and understand-

ing of the material presented and discussed. These changes are indi—

,cated as changes in the state variables describing the student;

Specifically, after each instructional session (lecture, SAS, LAB,
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outside study, etc.) changes have occurred in the student's version

of C . These changes are influenced by the student's background

variables, B , by previous instruction I , by previous learning

( C imaged as K ), by unknown student idiosyncrasies, and by the

nature of the instructional session itself. This is shown in the

diagram of Figure 2.1 where student Si described by the state vari—

: ables of B i’ Ii and K1 (reflecting entry level knowledge Ci)

'undergoes an instructional session. As a result of this session the

student's state variables are transformed; the student has new under—

standing or mastery of particular concepts, described as alternations

to C1 resulting in Ci which are reflected as measurable alterations

to K,, resulting in K i. In addition, new instructional bookkeeping

data is added to I i' B1 is unaffected by the instruction. The

changes in C i (reflected in Ki) are influenced by Bi} Ii and

previous concept knowledge Ci (meaSured in K i). The instructional

session may be described analytically by the transfer function, f .

The process may then be described by K; = fg ( BI} Ii’ Ki)'

This development is discussed in more detail in Chapter 2.

Following the archetypal system's model introduced in Figure 2.2

a model was developed for BS 202. Figure 4.2 illustrates a ‘systems

:model‘ describing the BS 202 instructional plan based on the fundamental

instructional session unit. The students were formally exposed to

‘approximately 10 lectures and 19 small assembly sessions (SAS), as

‘described in Appendix A. Each student was also urged to spend an

,undetermined amount of time listening to 17 tapes and working in the

‘individual instruction lab. In addition, each student spent some time

Loutside of class reading and studying. The model allows one to
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visualize and comprehend the process of a large number of students

simultaneously passing through distinct seduential instructional units.

The change of each student's state variables by the transfer functions

associated with each instructional session provides a mathematical

analogue to the learning process inherent in a course of this type.

This model is a theoretical construct designed to mimic and

simulate the function and processes of the BS 202 course. In many ways

the model does not resemble the "reality" of the course — but it is

only a construct meant to simplify reality and aid in our understanding

of a complex process.

Condensing the Model

In the BS 202 course the students were tested only once each week.

Thus, the performance variables were updated once each week and not

after each instructional session. For any individual student perform—

ance on a particular concept Ci’ measured in Ki’ reflects the

aggregate effect of the week's instruction and study. For a typical

week, student performance on any Ci is related to previous background

and knowledge, the lecture, two small assembly sessions, two tape

lab sessions, outside study and reading and work with the practice

test. For the purposes of this study the effects of each week's instruc—

tion and study were aggregated as a series of transfer functions relating

the performance meaSures taken from the weekly quiz ( K ’) to the per—

. - .

formance measures taken the week before ( K ), the week 5 instruction

( I ’), previous instruction ( I ) and background ( B ).
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The "weekly” transfer functions are represented in the

following matrix equation:

K’ = F (B, I” K) = BB+AI’+uK+ oz

'

K1
'

K2

  

821

- 441

31

  

8L1 B12 '

Ikll ALZ '

B1.236 I31 I

. B2

   

+

° ° B4¢23JI3323§

v - K

' I108 I11 ”E1 “12 ° ‘ ' “1:44 I1
'

I2 . , K2

+ .

' 0 U

AMI-10% I10% 11441. . . . . .“44-44 J K44]       
Where K'j is the performance related to con—

cept Cj shown in Table 3.11; 8 ij is the coeffici—

ent of Bj shown in Table 4.1; I’ is the update in—

structional vector reflecting the student's in-

structional behavior during the week; Aij is the

coefficient Ij shown in
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Table 4.2; Aij is the coefficient of Kj reflecting the previous

performance on concept Cj defined in Table 3.11, and “j is an

additive constant.

A sample equation that could be expreSsed with this notation

is

K1 = f1 (31’ B18’ I14’ K2 K22)

= BllBl+Bl.18318+Al717+A114I14+ul.2K2+“122K22+“1

Although for any individual student the effects of each model

component are blurred together, using multiple regression techniques

to find coefficients 8, A,L1 and a for the student population

(N = 105) produces relative weights of each component. By expressing

the relationship of antecedents, transactions and outcomes in this

manner it is possible to examine the relationships and relative

contributions of each component of the model.
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CHAPTER 5

DATA PREPARATION, DATA ANALYSIS, AND LIMITATIONS

ON THIS MODELING PROCESS

5.0 Data Preparation

When dealing with large and varied amounts of data in the Social

Sciences the most important initial analytical steps are those that

deal with correctness and error. Too often it is assumed that it is

necessary to move as quickly as possible from data collection to anal—

ysis, without the important intermediate steps of data preparation.

This is especially true when computer scored and coded instruments

are used for information collection. Very often the lack of signifi—

cant findings in a study is not due to inappropriate instruments or

analyses, but rather to sloppy data. Thus, this study incorporates a

number of inspections and checks to keep the data base as "clean" as

possible.

Figure 5.1 illustrates schematically the data preparation and

analysis used in this study. This type of analysis also requires a

Lsmall amount of intuition, adding a touch of practical art to the sci—

;ence, which is not representable on a diagram. Figure 5.1 does,

‘however, give a true picture of the steps, although not the amount of

Vlabor involved.

All the data analyses detailed in this chapter were done on the

IMichigan State University CDC 6500 computer using standard SPSS

1(Statistical Package for the Social Sciences, Nie et al, 1975; MSU

lll
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FIGURE 5.1 CONTINUED
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FIGURE 5.1 CONTINUED
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FIGURE 5.1 CONTINUED
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Computer Lab Supplement, 1978) routines and several Fortran programs

developed by the author. The Pretest, the Background Questionnaire,

the Affective Questionnaire, the Problem Solving Test, and the Springs'

(controlling variables) Test were all administered to the student pop—

ulation within the first several weeks of the term. All of these instru—

ments except the last, consist of multiple choice items. The students

answered each item by selecting and marking a number choice on a comput—

er answer sheet. Responses to the Springs' Test were transcribed to the

same type of answer sheet by research assistants. It was necessary to

first visually check and correct these answer sheets before submission

for computer coding. Often students would neglect to fill in their

names and student numbers, or fail to adequately darken the answer boxes.

The answer sheets were then submitted to the MSU scoring office which

provided a computer card deck containing the test information and a sum—

mary. The summary provided a variety of information which was checked

for data anomalies such as unexpected or meaningless responses. If no

problems were found with the test data, the card deck was manually

sorted into the proper order for the 105 Fall term cases ()5 for Winter).

Data from the University's records (ACT scoeres, High School GPA and

Percentile Rank, MSU Orientation Test Scoeres, MSU class level, MSU

credits earned and transferred, MSU points and points below 2.0 and

MSU GPA on computer cards and cards with Myers—Briggs Test scores

(which had been administered early in the term but was scored by the

MSU Counseling Center) were also sorted into the proper case order.

Each card deck was then entered as a raw data file into the Computer

(MSU'S CDC 6500). The Problem Solving and Springs' Tests raw data

were then processed using a series of SPSS programs. The raw data for
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each of the other instruments were entered and added sequentially to

a SPSS Master file created to hold the term data. Problem Solving and

Springs' Test processed variables were also added to the Master file.

After each set of data was added, the new variables were checked for

errors. The mean, standard deviation and range of each variable was

examined for any anomalies which might suggest data error or incorrect

file entry. When errors were found the variables were purged from the

file, the errors corrected, the data reentered into the Master file

and the variables reexamined. The case sequencing was also checked

after each set of variables was added to the file, and the data purged

and correctly reentered if any individual case was out of sequence.

At this stage of file construction the thirty four Pretest items

represented all that was known about the students' entry level know?

ledge of biology and ecology. Here the student responses to the Pre—

test items were recorded in the IR vector format; a series of choices

of one of five possible answers. The next step was to convert IR to IP

by assigning a correct or incorrect code to each item. If a student

chose the correct answer for Pretest item 1, then IPi was set equal

to 1. If the incorrect response was chosen, 1?1 was set equal to 0.

(If data was missing for any student case the SPSS "missing value"

designation was retained for IPi).

After the Pretest items were recoded and checked for errors, the

values of the elements of the Pretest IP vector were assigned to ele—

‘ments Bll through B of the Background Matrix, B . The total score

44

,on the Pretest was assigned to 345. The forty—eight item responses

on the Affective Questionnaire were assigned to elements B61 through

B108’ and the sixty-eight item responses on the Background Questionnaire
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were assigned to elements Bl through (see Table 4.1)

20 B187‘

At this point in the data preparation a series of Factor Analysis

were performed on the three sets of Background variables discussed

above. It was hoped that by rearranging these sets of variables, new

and useful background indices might be generated. Tables D1, D2, and

D3 in Appendix D summarize these Factor analyses for the Pretest,

Affective Questionnaire, and Background Questionnaire variables,

respectively.

Each of the three analyses performed applied the techniques of

Principal Factoring with Iteration and Varimax Orthogonal Rotation,

(Nie et a1, 1975). This is the most commonly used method of reducing

a data set to a smaller set of factors which account for the variance

within the larger set and point of some underlying regularities within

that data set.

Table D1 presents the results of the factor analysis on the

thirty—four Pretest variables. This data set was reduced to 15 factors

after 21 iterations of the factoring procedure. The contributions to

the explanation of the variance of each of the 15 factors is shown in

,the top right section of the table. Commonalities, the total variance

50f each variable accounted for by the combination of all common fac—

tors (Nie et a1, 1975) are shown in the top left portion of the Table.

Below, the major component Pretest items are shown with the mean, range

and standard deviations of each of the 15 factors. The major component

variables are those which significantly contribute to the computation

.Of the factor. Part of the outprint from a SPSS Factor analysis is a

:Factor score coefficient matrix, listing the component coefficients

0f each standardized variable (in this case for the Pretest variables)
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for each factOr. Since the coefficients are computed for standardized

variable values (the variable minus its mean, divided by its standard

deviation), the relative magnitude of each coefficient is a measure

of its contribution to the total factor score. Thus, if three of

thirty-four factor score coefficients for a particular factor are great—

er than 0.1 and the remaining thirty—one are less than 0.01, the three

variables corresponding to the three large coefficients may be consid—

ered the major component variables of the factor.

The 15 Pretest factor scores were prepared using the major com-

ponent variable questions for additibn to the Master file or B matrix

elements B46 through B60.

Tables D2 and D3 show the results of the Factor analyses for the

Affective and Background Questionnaire variables. Eleven factors were

developed for the Affective variables (B61 through B108) and factor

scores were prepared for addition to the Master file as elements B

109

to 3111' Fifteen factors were developed for the Background Question—

naire variables (B120 through B187) and factor scores were prepared

for addition to the Master file as elements B188 through 3202. Sev—

eral Background variables were omitted from the factor analysis

(3120’ 3122’ 3127’ 3129’ 3132’ B142’ B187

of O.

) because they had a variance

These factor analyses were done in the hope that the factors

would reduce the number of variables entered into the regression anal—

yses described in sections 5.1, 5.2, and 5.3. This was not the case,

.however. The Factors developed did not contribute to a reduction in

variables. Individual variables played an important part in describ—

‘ing student characteristics; the factors scores did not.
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After each of the three Factor analyses were completed, an output

file containing values for each of the eleven to fifteen factor vari—

ables for each student case in the correct case order was generated.

These three files were visually checked for bad data, then added to

the SPSS Master file. Data validity and correct case sequence checks

were performed again and bad or improperly sequenced data purged,

corrected, reentered, and reexamined until the Master file was in order.

Throughout the term data on the instructional variables, listed

in Table 4.2, were collected. Lecture and Small Assembly Session at—

tendance data, information on the use of tape recorded elctures and

the practice quizzes, and the length of time each student spent using

the lab tapes in the carrel session were recorded by hand. After the

course was completed this data was transcribed and coded manually from

the term records, and then keypunched onto computer cards. Lecture

(Il through 110) and SAS attendance (112 through I30) variables were

coded 1 if the student attended, 0 if he or she did not. Similarly,

Lecture Tape use (I32 through 141) and Practice Quiz Use (I through

43

151) variables were coded 1 if the tape or Quiz was used by the stu-

dent, 0 if it was not. Total Lecture attendance (Ill), total SAS

attendance (I31), total Lecture tape use (142) and total Practice Quiz

LUse (152), variables represent the sum of the respective components.

Missing values were again maintained in standard SPSS convention.

The Lab tape—time variables, 153 through 168’ representing the

amount of time each student spent using each Lab tape were computed

’frOm Carrel Laboratory records. To use a Lab tape each student would

Check a tape out through a lab attendant. When finished, the student

would check the tape back in. The Lab attendant would note the times

Of tape check-out and check—in. Often students would use the same
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tape on several occasions. When the Lab tape records were transcribed

and coded at the end of the course check—out and check-in times were

altered to reflect any multiple tape uses by students. The data was

then key punched, sorted in case order, visually inspected for errors,

entered into a raw data computer file, and processed with a SPSS vari—

able generating program. This program produced Lab tape times, in

hours and fractions of hours, for each student and Lab tape. This

tape time data was then entered into the SPSS Master file with the usual

validity and case order checks.

The weekly Quizzes and Final Exam were processed in the same manner

as the Pretest. Each computer answer sheet was checked and corrected

and submitted to the MSU Scoring Office, the test summaries were exam-

ined for anomalous data and the tests rescored if necessary. The

computer card decks were sorted in case order, with blank cards inserted

for those students who missed the test, and entered as a raw data com—

puter file. The test data was then entered into the SPSS Master file

with validity and case order checks. Bad or improperly sequenced data

was purged, corrected and reentered.

The last three items on each quiz (usually questions 31, 32, and

33) and on the final exam, requested information on the methods and

manner of study for that test. The values of these variables were

assigned to elements 170 through I99 of the I matrix. Likewise,

total scores on each of the quizzes were assigned to elements 1100

t0‘1108.

At this point the Master file contained about 900 variables. All

the test items from the nine quizzes and the final exam which were not

related to the Ecosystem concepts delineated in the content analysis

Iiscussed in Chapter 3 (see Table 3.8) were purged from the Master
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file (excluding I70 through 199). The remaining test items constituted

the IR vector for each student, and as was done with the Pretest items,

each test item was then transformed to the IP vector format; 1 was

Iassigned to IPi for a correct response, 0 for an incorrect. Each stu—

dent's IP consisted of 97 variables each having a value of 0 or 1,

reflecting the performance on Ecosystem related test items.

The Master file now contained a relatively error free, fundamental

data set describing each student with variables suitable for the first

step in the regression analysis.

5.1 Regression Analysis 1

The main hypothesis of this modeling process maintains that every—

thing a student experiences prior to answering a question influences

that answer. Most of the student‘s previous experiences other than the

instructional ones must be assumed to be insignificant in order to model

the learning experience. The variables developed for the study are

assumed to have at least a potential effect on the outcomes of instruc—

tion, as measured in the performance variables.

The intention of this process is to search for those variables that

Play a large role in reflecting student performance, incorporate them

in the model and test the model for accurate predictions using another

set (winter term) of data.

In the first stage of analysis each Ecology related test item

(represented as a variable with a value of O or 1 in IP) Was regressed

against all variables representing possible effects as hypothesized in

the model. Using the SPSS Multiple Regression routine (Nie et a1, 1975)

”each test item (IPi) was regressed against the entire B lhtrix, those

Velements of the I Matrix which represented instructional events or
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actions which had occurred previous to the test including the item

(a test item from Quiz 5 would not be regressed against the total

score on Quiz 7 or the length of time Lab Tape 17, as it

would not be used until the eighth or ninth week), and all other

Kecology concept related test items aggregated to tentative

Matrix elements, from previous quizzes in the course. Due to the large

amount of core storage necessary for the Multiple Regression routine

each test item was regressed against the relevant set of independent

variables divided into groups of about 70. This required six or more

regression runs for each element of the IP Matrix at this stage of the

analysis. The limitations introduced into the model by this necessity

are discussed in the last section of this chapter.

From the output of the six or more initial regression runs a set

of up to 70 significant independent variables was developed. These

were the variables which contributed the greatest amounts to the ex—

plained variance of the dependent variable, the test item, on each of

the initial regressions. It was also required that the "overall F"

value of the regression at the point of the significant variables ad—

dition be at least 1.0. Table 5.4 shows a set of Regression Summary

 

1

The test items from the previous quizzes which were related to

ecology concepts, as shown in Table 3.9, were aggregated using the

following formula;

Ki = 2 1P5

6
 

N

,aé defined in section 4.2. This was a tentative aggregation because

missing data was scattered throughout the variable set.
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TABLE 5.4

PHASE ONE REGRESSION SUMMARY TABLES

FOR A SAMPLE TEST ITEM
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TABLE 5.4 cont'd.
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ables from the initial regression runs for a sample test (1P1)

the group of significant independent variables that were developed

n the inspection of these runs.

This process was repeated for each test item or each element in

IP vector.

Regression Analysis 2

The second phase of the regression analysis consisted of regressing

h test item or T? element against the appropriate set of significant

iables. The Multiple Regression routine was again used with each

‘up of approximately 70 variables. ‘From each regression run the act—

, and regression "predicted” values of the test item were output for

:h student case to a separate file. The regression predicted values

'e then rounded off to 0 or 1 using the standard criterion, and a set

residuals (equal to the actual minus the predicted) generated. The

1ber of residuals with a value equal to a plus or minus 1 for a test

:m was the error rate for 105 cases (or approximately the percentage

‘or rate). Tables 5.5 and 5.6 show, respectively the Summary Tables

‘en of a sample test item against a "significant"* set of independent

iables and the resulting residuals.

If the second phase regression resulted in an error rate of ten

cent or more, the set of significant independent variables and the

vious phase one regressions were reexamined and the set of signifi—

t variables refined. For over ninety percent of the test items it

not necessary to reexamine the significant variables. No more

a one iteration of this process was required for any test item to

 

Lgnificant" is not used in the statistical sense here. What is

:ended is that the variables labeled as significant hold the promise

being useful in the prediction of performance through the applica—

’n of the model.
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TABLE 5.6

RESIDUAL ERROR RATE FOR THREE SAMPLE TEST ITEMS

Below the actual and the rounded regression estimated responses

are shown as 0 or 1,

0 = incorrect responses to the test item; 1 = correct.

The error is computed by subtracting the estimate from the actual;

the number +15 and -1s in the error summaries, indicate the number of

incorrect estimates

 

TEST ITEM ACCURACY OF ESTIMATION

 

  
        

Two 5 RELATIVE ADJUSTED CUM

ABSOLUTE FREQ. FREQ. FREQ.

CODE FREQ. (PCT.) (PCT.) (PCT)

Actual 0 9 8.6 9.2 9.2

Response 1.0000000 89 84.8 90.8 100.0

-9.0000000 7 8.7 Missing

Total 105 100.0 100.0

RELATIVE ADJUSTED CUM

ABSOLUTE FREQ. FREQ. FREQ.

CODE FREQ. (PCT.) (PCT.) (PCT.)

0 9 8.6 9.2 9.2

Reg’Eessmn 1.0000000 89 84.8 90.8 100.0
Estimate

—9.0000000 7 6.7 Missing

Total 105 100.0 100.0

RELATIVE ADJUSTED CUM

ABSOLUTE FREQ. FREQ. FREQ.

CODE FREQ. (PCT.) (PCT.) (PCT.)

* 0 98 93.3 100.0 100.0

Ermr‘ —9. 7 6. 7 Missing

Total 105 100.0 100.0

Based on: Valid Cases 98 Missing Cases 7

 

*

0 Estimation Errors = 0%
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TABLE 5.6 (Continued)

RESIDUAL ERROR RATE FOR THREE SAMPLE TEST ITEMS

 

 

TEST ITEM ACCURACY OF ESTIMATION

Two 4 RELATIVE ADJUSTED CUM.

ABSOLUTE FREQ. FREQ. FREQ.

CODE FREQ. (PCT.) (PCT.) (PCT.)

0 29 27.8 29.9 29.9

Actual 1.0000000 68 64.8 70.1 100.0

ResP°nse -9.ooooooo 8 7.6 Missing

Total 105 100.0 100.0

RELATIVE ADJUSTED CUM.

ABSOLUTE FREQ. FREQ. FREQ.

CODE FREQ. (PCT.) (PCT.) (PCT.)

0 25 23.8 25.8 25.8

Estimate 1.0000000 72 68.6 74.2 100.0

RegrSSIOH -9.0000000 8 7.6 Missing

Total 105 100.0 100.0

RELATIVE ADJUSTED CUM

ABSOLUTE FREQ. FREQ. FREQ.

CODE FREQ. (PCT.) (PCT.) (PCT.)

-1, 4 3.8 4.1 4.1

Error * 0 93 88.6 95.9 100.0

—9 8 7.6 Missing

Total 105 100.0 100.0

Based on: Valid Cases 97 Missing Cases

g

 
*

4 Estimation Errors = 4.1%
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TABLE 5.6 (Continued)

RESIDUAL ERROR RATE FOR THREE SAMPLE TEST ITEMS

 

 

   

 

 

 

 

 

 
  

TEST ITEM ACCURACY OF ESTIMATION

1

1Five 4 RELATIVE ADJUSTED CUM.

ABSOLUTE FREQ . FREQ . FREQ .

CODE FREQ. (PCT.) (PCT.) (PCT.)

0 43 41.0 46.2 46.2

Actual 1.0000000 50 47.5 53.8 100.0

Restse -9 . 0000000 12 11.4 Missing

Total 105 100.0 100.0

RELATIVE ADJUSTED CUM.

ABSOLUTE FREQ. FREQ. FREQ.

CODE FREQ. (PCT.) (PCT.) (PCT.)

0 41 39.0 44.1 44.1

Regression 1.0000000 52 49.5 55.9 100.0

Estimate —9.0000000 12 11.4 Missing

Total 105 100.0 100.0

RELATIVE ADJUSTED CUM.

ABSOLUTE FREQ. FREQ. FREQ.

CODE FREQ. (PCT.) (PCT.) (PCT.)

—l. 5 4.8 5.4 5.4

Error:* 0 85 81.0 91.4 96.8

1. 3 2.9 3.2 100.0

-9. 12 11.4 Missing

Total 105 100.0 100.0

Based on: Valid Cases 93 Missing Cases 12

 

*

8 Estimation Errors = 8.6%
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roduce an error rate of ten percent or less.

This second phase of the regression analysis was repeated for each

f the items in the IP vector.

.3 Regression Analysis 3

After each test item had been successfully processed through the

ecOnd regression analysis phase, the test items were aggregated into

Matrix elements using the following equation:

3 defined in section 4.3. Before this was done, however, the SPSS

aster file was altered somewhat to aid computation. Up to this point,

1 order to use as much of the available information as possible, any

Ises with missing values for a variable had had the mean value of that

triable substituted for the missing value (using Option 20 of the SPSS

:gression routine). Before summing and normalizing the IP vector

Lriables using the above expression, the mean values of any missing

Lse variables were substituted throughout the entire file. The

.trix elements were then generated2 using the above expression and

1e concept—test item relationships outlined in Chapter 3. Table 5.7

‘ntains the mean, standard deviation and rage of each Ki°

 

n the two previous phases of regression analysis the K elements had

een updated on a ”weekly" basis, and test items regressed, in part,

gainst prior K elements. This was a tentative arrangement used to

educe the total number of variables stored in the SPSS Master file.

ecause of the large number of variables necessary for analysis the

aster file was maintained as a SPSS Archive file. The reduction in

he number of variables necessary for analysis in the third phase of

egression, allowed the Master file to be stored as a "regular? SPSS

ile with about 490 variables, which made the computer analysis

onsiderably easier.
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The set of variables describing the students for Winter term 1978

Here also added to the SPSS Master file at this juncture. The proces—

sing of this data into model variables was identical to that described

in the first sections of this chapter. The winter term data was not

lsed to develop the model, but rather to test and validate it. That

is after the model was developed from the Fall date, it was applied to

:he Winter data and the predicted and actual performance scores compared.

The Master file was once again subjected to a data validity and

:ase order check and the final irregularities sorted out. The third

1nd final set of regression routines were then run on this missing-

ralue-free Master file (omitting the Winter data from the regression

equation development).

Starting with the first K Matrix element for the first week

Kl = K0101) the significant set of variables for the last regression

'un of each of the component test items of K1 resulting in a residual

:rror rate of 10% or less were aggregated into a group of independent

‘ariables. For instance, the component test items for K0101 were items

, 6, 9, and 21 from Quiz One (from Table 5.7). From inspection of the

econd phase regression runs (each with an error rate less than 10%),

ach test item was seen to be correlationally related to ten or eleven

ignificant independent variables. As before, only those variables

hich contributed significantly to the explanation of the variance in

he test items were selected. For K0101 there were 42 Such independent

ariables. The K Matrix element was then regressed against the set

f significant variables. This final regression produced the regres—

ion coefficients B, A , n and the constant a which relate concept

astery to background, instructional behavior and prior knowledge.
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This process was completed for each element in B not equal to 0,

for week one. The process was then repeated for weeks two through ten

(the final exam). Simultaneous with the final regression runs, the

model was applied to the variables within the Winter term, although

the regression coefficients were BEE based on the 75 cases in the Winter

file. Thus, the final coefficients of the model were developed and the

validity of applying the model to an independent set of data were

measured concurrently.

Table 5.8 shows the output from a sample phase 3 regression run.

The resultant equation relating K10 (K1002, week 2) to the model

variables is;

' — — .—KlO 0.041 B39 0.030 B43 0.121 B63 + 0.053 B69

— 0.104 B79 + 0.193 B81 — 0.062 B85 + 0.084 B87

- 0.037 B88 — 0.034 B104 + 0.045 B109 + 0.056 B137

— 0.063 B153 — 0.046 B158 — 0.135 154 + 0.136 Kl

+ 0.257 K10 + 0.6047

corresponding to

K I

10 = B B + B B B B
1039 39 1043 43 + 1063 B63 + 1069 E69

+ 81079 B79 + 81081 B81 + 81085 B85 + B
1087 87

+ B
1088 B + B B + B 3

88 1081 81 1085 E85 + 1087 B87

8 B A U

+ 10 153 B153 + 10 158 B158 + 10 54 I54 + 10 1 K1

1.] a

+ lo 10 K10 + 10

from section 4.4

Figure 5.2 shows a plot of the residuals computed for the actual value

of K1002 minus the regression estimated (from the above equations)
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TABLE 5 . 8

PHASE THREE REGRESSION

FOR A SAMPLE TEST ITEM
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value for K1002. Figure 5.3 shows the same plot for K1002 from the

Winter, validation data. For the Fall data about 65% of the variance

of K1002 was accounted for by the variables used in the regression.

For the Winter term the same variables accounted for about 23%.

5.4 Limitations

There are a number of important limitations on the processes

iescribed in sections 5.0 through 5.3:

--The use of number of independent variables much larger

than the number of cases;

—-The arbitrariness in the procedure for selecting the

variables to be entered in each group and the arbitrariness

of running such groups against the dependent variables

through multiple regression in "waves";

--The effects of substituting mean values for missing

values; and

-—The problems inherent in using regression analysis for pre—

dicting dichotomous variables.

The number of independent variables

The use of more independent than dependent variables is an obvious

1nd intentional violation of standard multiple regression requirements.

his breach of procedure may be defended by recalling that the intent of

:his process was to locate and identify variables that mgy prove useful

.n Predicting performance. This use of the multiple regression routine

.8 similar to using a very large guage mess screen to sort gravel; only

:he largest chunks of stone are identified. In our case only the vari—

.b1es which stand out as potential predictors are identified. 'Subtle

.nteractions and properties of the variables are not picked up in this

1rocess. Likewise, among groups of variables that are intercorrelated,
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FIGURE 5.2

SAMPLE PHASE THREE REGRESSION RESIDUALS

FOR FALL TERM DATA BASE

+.270
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FIGURE 5.3

SAMPLE PHASE THREE REGRESSION RESIDUALS

FOR VALIDATION (WINTER TERM) DATA BASE

-25D
K

10

K10 Value Estimate Residual —.270

Actual

_ “ u

I

I

l

I

.
I

.

I

I

I

I

I

I

I

I

I

l

I

I

.000

I
1

1
1

1
‘

1
1

1
9
.
5
.
1
2
1
1
1

1
1
1
3
1
1

0
0

0
°

°
0
0
°
C

3
0
6
0
0
0

m
a
m

....
4
.

.
.

.
4
.
.
:
_
.
~

..
E

3!

1
3

0
3
0

0

.
.

.
E

I
.

E
.
.
.

l
E

I
.

I
.
E

"
E
.
.
.

r
.
E

9
“
o
n

E
"

E
I
D
V
E
M
S
M
G
U
I
N
0
0
3
9
N

.
0
3
,
"
?

g
5
5
,
z
£
7
6
‘
l
§
5
‘
£
£
l
§
0
!
6
9
‘
1

0
5
7
2
7
A
£

3
3
9

6
.
7
.

‘
N
H
W
N
I
O
E
L
Y
N
1
0
7
2
¢
Y
>
L
<
$
1
O
Z
I
9
5
0
0
2
5
1
5
2
3
0
5
!
)
.
0
L
9
Z
r
2
1
0
5
6
6
2
0
5
1
6
7
3
7
3
9
.
2
3
1
6
5
5
7
h
1
4
5
7
5
7

57

2
5
1
3
,
6
1
1
1
6
6
3
5
2
3
1
6
5
5
2
i
3
2
2
1
1
5
3
5
6
§
2
5
2
7
.
3
1
6
1
%
.
.
.
.
1
6
‘
2
3
2
1
L
g
;
5
9
0
:
6
;
1
3
2
2
6
1
0
‘
3
‘
1
5
1

A.

.
.
.
.
.
-
.
.
o
.
.
c
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
o
.
.
.
.
-
.
.
.
.
.
.
.
.
.
-
.
.
.
.
.
.
.
.
.
.
.
-
.
.
.
.
.
-
.
.
.
.
.
-

.
.

.
.
.

.
.
.
.
.
.
.
.
.

.
.

.
.

.
.

.
.
.

.
.

.
.
.
.

.
.
.
.
.
.

.
.
.

.
.

.
_
.

.

:A

3
1
0
6
1
1
.
0
7
0
’
0
2
2
2
7
5

.
.
6
5
5
5
5
7
2
‘
6
0
7
2
3
3
0

§
§
§
3
0
5
9
7
5
0
L
3
9
5
6
0
2
0
1
7
1
5
L
4
0
5
.
0
1
7
0
0

$
9
2
2
2
0
2
:
L
1
7
1
0
7
$
0
9
£
9
1
7
t
9
2
6
0
7
£
1
7
4
5
5
2
7

0
0
1
1
9
0
0
1
1
5
1
0
5
6
}
.
.
.

0
.
!
1
5
7
1
7
9
1
1
3
5
6
0
1
6
4
3
5
2
0
2

9
.
7
-
5
.
.
9
E
L
3
1
1
5
5
2
.
»
.
2
0
L
2
5
7
5
7
1
5
7
5
6
0
3
i
5
6
2
1

0
6
O
O
I
S
G
O
C
3
7
5
9
2
8
4
fi
b
e
r
5
5
1
5
.
1
;
1
7
6
9
1
6
‘
3
7
6
1

5
1
3
.
3
0
.
7
1
.
4
1

8
5
5
.
7
5
1

.
_
L
.
~
5
.
1
2
1
2
3
0
5
0
5
:
0
1

0
5
6
5
2
6
2
5
1
7
3
5
7
5
1
6
7
1
5
7
2
.
2
7
.
2
2
.
5
9
.
.
.
£
«
B
L
I
fl
5
1
I
:
S
E
A
1
3

,
.

Z
?
»
0
3
)
.
.
0
1
.
7
2
2
.
c
6
7
1

5
5
2
0
C
1
3
.
7
3
3
1
!

r
1
1
5
2
3
1
3
0
2
3
6
5
7

(
L
1
1
?
€
e
!
€
2
!
1
7
2
1
.
2
n

£
5
7
1
5
0
1
7
3
L
K
I
>
G
I
6
L
9
P
I
E
A
A
0
I
7

L
6
é
$
2
6
6
6
£
g
t

3
‘
0
7
‘
0
9

7
7
H
5
7
6

.
l
.
0
.
9
v
7
b
¢
?
.
v

$
k
¢
2
1
7
7
9
5
5
>
§
1
7
1
§
r
7
7

7
1
‘
}
H
§
7
5
5
;
8
;
7
L
9
5
7
9
9
7
§
9
I
7
§
g

.
‘

.
.
.
.
.
l
.
.
1
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
1
.

75 (ISIS

.LEOBSMLTI'L! l

0
0
0
0
0
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
7
0
0
0
0
0
8
0
.
0
0
0
0
0
0
0
0
0
0
9
0

0
0

0
0
0

1
0
0
0
0
0
0
0
0

0
0
0
5
0
2
0
1
0
5
0
0

0
0
0
0

0
0
0
0
0

0
0

0
0
0
0
0
0
5
0
0

0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

9
0
0
0

0
,

0
0
r
€
.
:
.
9
0
r
\
0
5
0
0
6
0
.
0

0
0
0
0

0
0
0
0
0
.
.
0
0
0
0

 

1
1
1
.
1
1
7
.
0
0
0
0

0
0
0
0
.
.
.
!
0
6
:
0
1
.
5
0
L
3
3
5

0
0
0
0
0

0
0
5
0
0
3
0
0
0

0
0
0
0
0
5
9
0
1
0
5
0

0
6
0
0

0
0
5
5
0

0°
O
t
c
o
c
°
.
U
-
C
C
O
O
u
t
o
c
c
c
o
o
o

0
3
0

5
0
5
3
5
0
0
0
.
)

0
0
:
6
9
0
.
)

0
0
9
v

.

,

2
4
0
0
7
3
0
0
0

0
0
5
0
:
.
.
.
'
Z
v
O
D
L
C
0
0
0
6
7
0
7
L
0

0
‘
0

T
O
L
O
I
C
C
O
L

0
0
0
0
0
0
7

0
7
0
7
W
N
M
W
U
N
W
M
M
W
M
M
M
W
W

4
.
5
0
1
0
0
0
0

0
0
.
:
3
.
7
0
?
.
.
1
3
-

1
1
.
0
.
)

6
0
6
.
5
0

(
5
0

1
0
5
5
1
2
.
4
3
6

5
1
.
6
0
3
0
1

3
6
6
1
0
(
9
n
.
1
7
9
.
0
0
1
6
0
.
C

A

,

$
6
.
5
1
.
)
.
.
.
£
6
.
5
3
.

.
.
5
.
I
5
5
6
.
S
I
.

0
.
6
.
1
.
1
2
2
1
»
$
5
5
.
5
1
.

.
t
S
I
.
.
.
.
.
o
S
.
.
I
:
2
>
.
.
x
(
fl
:

l

.
1
1
.
.
“
1

.
.
u
.
.
.
1
1
.
1
l
u
1
1
!
-

.
.
.
u
‘

.
1
-

'
.
1
.
.
‘
o

.
.
l
u
.
1
.
1
.
.
.
.
1
1
‘
1
1
.
.
“
.
o
'
-
o

A
.
l

D
ZI

l
3

E
Z



only th‘

dependa

"signif

As

be regr

restric

Under r

indeper

such c:

ticall

the ph

ableS‘

possib

Sent a

howeve

ables

large]

Althm

and n

that 1

inter

the v

sien

"Sig:

fabrj

more

deVe



150

only those few variables accounting for the largest share of the

dependent variable's variance are identified and sorted into the

"significant" set.

Arbitrary group selection and regression runs

As mentioned earlier the largest group of variables which could

be regressed against a dependent variable was about 70. This is a

restriction imposed by the size and capabilities of the computer used.

Under normal circumstances with an N of about one hundred, seventy

independent variables would be a reasonable and adequate number. Under

such circumstances the investigator. would be searching for a statis—

tically significant set of variables which best describe and reflect

the phenomenon measured in the dependent variable. This set of vari—

ables would have the smallest intercorrelation within itself of all the

possible groups of variables, thereby allowing each variable to repre—

sent as much independent information as possible. In this study,

Iowever, it was not the intention to find such an optimal set of vari—

lbles but rather to identify a useful set of variables within a much

.arger set of variables potentially related to the learning process.

Jthough background variables were grouped together in sets of seventy,

nd instructional variables were grouped the same, it is recognized

hat many variables in different groups were interrelated, and those

nterrelationships were never exposed by this method. Obviously, if

he variables were grouped differently and passed through the regres—

ion routine We would have gotten different "answers" in terms of the

aignificant" variables. However, the method used does allow us to

Lbricate a crude model which can be tested and further refined through

>re standard and statistically acceptable methods. If the variables

veloped for the model in this crude procedure allow predictions to
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be made which approach reality (even if distantly), then we may assume

that a refined version will produce even more useful results, and the

potential usefulness of this type of modeling will have been demonstrated.

Substituting mean values for missing values.

It is standard practice in regression computations to delete any

cases where there is one or more missing value for any of the independent

»r dependent variables. In a large data set each case may have a

small fraction of the variable inventory missing, deleting cases with

missing values from the regression analysis would quickly shrink the

number of cases and limit the usefulness of such a regression. In this

study means were substituted for missing values in order to include the

largest possible N in each regression analysis. This slightly reduces

the variance of each independent or dependent variable and each appears

nore tightly clustered around its mean value. This tends to reduce the

apparent variation in the dependent variable accounted for through the

independent variables and thus the resultant analySis may be said to be

more conservative. Although missing data was not widespread in the

Variables used in this study, the use of means in place of missing val—

xes does not noticably affect our search for the "strong" relation—

hips among variables. Again, if it was the intention of this study to

etermine the statistical significance of the relations among variables,

he effect of substituting the mean for missing values would have to

2 more carefully considered.

rédicting dichotomous variables.

In section 5.2, the second phase of the regression analysis was

.scussed. Here regression equations were essentially used to predict

value of 0 or 1 (incorrect or correct response, for each test item

sed on the independent variables respectively). The proper use of
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,e regression equation assumes that the variables involved are

>ntinuous, but here the equation was used to predict a dichotomous

.riable. This practice violating a basic regression assumption

luld nullify any conclusions concerning the statistical significance

.d relationships of the dependent and independent variables. How—

’er, in this study no conclusions were being drawn concerning the

atistical significance of the relationships between variables, only

ssible relationships were being sought. The prediction of dichoto—

us variables was used only as a crude tool to search for variable

lationships.
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CHAPTER 6

RESULTS AND ANALYSIS

u.0 Introduction

The results of the regression modeling and validation proced—

lre described previously are presented in this chapter. For each element

.n the K matrix generated during the weekly testing routine the 8 , l ,

.nd u coefficients (and the a constants) relating the K1 to the back-

.round variables ( B), the instruction variables ( I), and previous

nowledge ( K), are presented. Statistics describing the goodness of

it of the model to both the base (Fall '77) term data and the valida—

ion (Winter '78) term data are also provided.

The coefficients 8, A,11 and a are tabulated in the tables in

ppendix E in two forms. Each is presented first as an untransformed

oefficient which is to be multiplied directly by the appropriate var—

able in the model. Secondly, the coefficient computed on standardized

ariable values rather than on original unstandardized values is given

1 parenthesis. The second coefficient is usually referred to as a

teta weight" (Nie et al., 1975) but this convention will be dropped

:re in favor of the term 'coefficient weight' to avoid confusion with

e 8 coefficients. Since the coefficient weights are based on stan—

rdized variable values, the relative size of each coefficient weight

a measure of the relative effect of each independent variable on

a dependent variable (Nie et a1, 1975). The constants ( a's) associ-

ed with the coefficient weights are all equal to zero.
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Table 6.1 summarizes the tested ecosystem concept coverage pre—

viously presented in Table 3.10. An inspection of this coverage

table and the coefficient weights of each of the variables provides

an indication of the relative correlational importance of each of

the course components modeled.

6.1 Week One

During the first week of class the basic concepts of Ecosystems

were introduced in the lecture and reinforced in the SAS and textbook

readings. The practice quiz also contained a number of items pertain—

ing to Ecosystems concepts. The first quiz contained enough informa—

tion to construct the mastery or performance variables Kl through K6,

and K8 through K The coefficients relating these indices to other
12'

model components are contained in Table E.l.

In Table E.l each coefficient is referenced by a B , A , or u

(or a for the constants), the acronym of the independent variable it

is multiplied by in the model, and the dependent or Ki variable to

which it contributes. The Ki variables are referenced with a four

digit code, K0301 for example, where the first two digits (03) refer

to the element of K matrix and C matrix represented, and the second

two digits (01) to the week represented (for the example K0301, K3

for week 1 is represented).

Week One Instructional Variables

From Table E.l it appears that student attendance at lecture and

the second SAS are major contributors to the successful mastery of the

Ecosystem concepts Cl through C6’ and C8 through C12. Use of the

practice quiz did not generally improve performance and may have

detracted.
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BACKGROUND AND PRIOR KNOWLEDGE

A prior understanding of the concept of population (C32) may

also have benefited students, as well as the knowledge of food chain

sequence (B19), and the definition of an ecosystem (328). Those

Freshmen and Sophomore students (B5) with a few transfer credits (B3)

and good previous course performance (B6) did better on these K ele-

ments than did others in the course. The students that performed well

on these K indices also tended to do poorly in High School Biology if

they took it, tended to take more College Chemistry, were required to

take MSU remedial Math course 081 but not 082, were not repeating

BS 202, and reported to find lab work helpful but not the studying of

class notes. (B123, B135, B139, B156’ B161’ and B171, respectively).

The successful student also reported a tendency not to "freeze" on

important exams (B63), a confidence that it is not necessary to know

the type of exam questions beforehand (B80), that it was not necessary

to work with others on course work (B100), that it is generally unwise

to follow the majority (B107, B108) and that it best to answer a ques—

tion based on how you feel it should be answered (B94). These students

may be characterized as prepared, methodical, unimaginative, conserva—

tive and conscious of the opinions of others (B116).

GOODNESS OF FIT AND EXTRAPOLATION

Table 6.2 contains a Summary describing the goodness of fit of

the model's regression—based equations to the base term (Fall '77) and

the validation term data. The following parameters are included to

prOvide an indication of the goodness of fit:

Multiple R — the multiple regression coefficient between the

set of independent variables and the dependent

variable.
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R2 - proportion of the total variation in the depend—

ent variable explained by the combined linear

influence of the independent variables.

Sig. — an approximate significance level for the resulting

multiple regression equation.

Adjust. R2 - adjusted R2, a more conservative estimate of the

fraction of variance of the dependent variable

explained; based on the equation

Adjust. R2 = R2 —-§E% (I—Rz) where N = number

of cases and, K = number of coefficients + constants

in the regression equation.

R2* & Sig. - will be explained under week 2.

Number of

Variables — number of independent variables in the regression

equation, not including the constant.

Std. Dev.

Resid. Standard Deviation of the residual, where the

residual is equal to the difference between the

actual value of the dependent variable and the re—

gression estimate.

For the K elements generated within the first quiz it was possible

to explain 51 to 64 percent of the variance using 18 to 29 independent

model variables. When these equations were applied to the validation

term's data only one dependent variable, K1’ was estimated with a sig—

_nificance level equal to or less than 0.10. The reason for this poor

fit was the lack of any close similarity during the first few class

weeks between the validation (Winter '78) term and the base (Fall '77)

term. However, the two versions of the course converge toward a

common ground as the weeks proceed.
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6.2 Week Two

During the second week of class the course content was concen—

trated on the basic chemical and physical processes underlying biological

interactions in ecology. In the lecture some of the basic ecosystem con-

cepts were reviewed and the concepts of energy storage (both chemical and

physical), photosynthesis and respiration processes, and equilibrium and

efficiency were introduced. The SAS, Tape Lab, and textbook readings

expanded these topics and introduced some of the basic concpts of chem—

istry. The Practice Quiz contained items covering only several of the

Ecosystem concepts.

The second weekly quiz contained items which allowed K8, K9, and

K10 to be updated and a new value to be computed for K14. Thus, perform—

ances on the concepts of organic and inorganic molecules (C8, C10) energy

flow (Cg) and energy storage (C14) were measurable. Table E.2 contains

the coefficients relating these indices (K8, K9, K10, and K14) to the

other model components.

WEEK TWO INSTRUCTIONAL VARIABLES AND PRIOR KNOWLEDGE

 

Of the instructional sessions of the second week, only the time in

the third tape lab (154) appears to significantly correlate with perform-

ance on the ecosystem concepts. None of the other instructional sessions

correlate significantly with the performance indices. Those students

that did not do well on ecology items on the Pretest (318’ B29) tended to

be.more successful than those who did on the second week's K elements.

The students whose K values indicated a high degree of mastery after the

'Second week had done well at recognizing a definition of behavior on the

Pretest (B but had scored poorly on several Pretest items requiring
21) 9

a sophisticated interpretation of experimental data (B24, B33). Like—

wise previous mastery of the concepts of inorganic molecule and
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nutrient (K1001 and K1101) contributed to successful performance the

second week, while previous mastery of the concept of metabolism (K1201)

was negatively correlated with success on the second week's K elements.

BACKGROUND

Correlations with items from the Background Questionnaire indicate

that the successful students (on week two K elements) took more advanced

mathematics in high school (B136), had a positive attitude toward science

( ), had generally a higher self—reported GPA (B ), reported having
B149 153

a hobby involving plants or animals (B ), and indicated that they
158

preferred a general, broad view of biology in the course (B ). These

183

students were generally weak in writing skills, did not expect to spend

long hours studying outside class, found textbooks but not films or other

resource materials helpful in science courses, and did not prefer to

discuss course materials with friends (B198).

In the affective sphere, the successful students reported that they

did not "freeze" (B63) or feel excessively nervous on exams (B67)’ or

worry about how well they did after the exam was over (B69). They also

tended to prefer taking exams over writing papers (B70), but dislike

"pop" or surprise quizzes (B Overall, they may be characterized as
79)'

calm and confident in their ability to perform on tests (B83, B87),

testwise and independent of peer pressure in academic matters.

VGOODNESS OF FIT AND EXTRAPOLATION 

Table 6.3 contains goodness of fit and extrapolation parameters for

’the week two regression equations. For the three K elements updated from

week one (K0802, K0902, and K1002), 65 to 84 percent of the variance was

explainable with 15 to 21 independent model variables. The R2* and the

associated "sig" (significance level) indicate the approximate propor—

tion of the variance in the dependent variable accounted for by the
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independent variables excluding the previous value of Ki' For example,

from Table 5.7, K0802 is equal to K0801 plus Quiz items Two 1, 2, 4,

and 5. Thus, K0802 is highly correlated with K0801. From Table 6.3,

about 84% of the variance of K—802 is explained by the 14 variables

including K0801, in the regression equation shown in Table E.2. If

K0801 is excluded from this regression equation, about 68% (R2*) the

variance of K0802 is explained by the variables remaining in the equav

tion. The significance level, 0.001, remains relatively unchanged.

Similarly 41 and 58% of the variance is explained for K0902 and K1002,

respectively by unrelated variables. Note also that the standard devia—

tions of the residuals have decreased from the previous week's values.

This indicates an improvement of the "fit" of the equations to the data.

For the Winter term extrapolation data about 32, 59, and 23 percent

of the variation in the K0802, K0902, and K1002 variables, respectively.

No data was available to calculate a K1402 for this term. For the

:three variables, most of the variance is explained by the previously

calculated variables, K0801, K0901, and K1001, with 10 to 20 percent

explained by the remaining variables.
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6.3 Week Three

Energy, its production, capture and movement through the

ecosystem were the main topics of the third week‘s instructional sessions.

The basics of the Ecosystem concepts were again reviewed (C1 through Clo)

and the concepts of food chain or web (C23), habitat (C18) and life

cycle (C24) were introduced. The practice. quiz covered most of these

items. The quiz given at the end of week three contained items allowing

to be updated (K0303, K0803, K0903,the K elements K3, K K9, and K1

8’ 4

and K1403, respectively). Additionally, K elements measuring mastery on

the concepts of photosynthesis (K1503), the physical environment (K1603)

and habitat (K1803) were also generated from the test data. The regres-

sion generated coefficients for these elements of K are presented in

Table E.3.

WEEK THREE INSTRUCTIONAL VARIABLES

The students who performed successfully on the week three K measures

were characterized as those who did not spend much time in Tape Lab 4

‘(155) but had done well on the previous quiz (I ). Attendances during
101

the first lecture (11) and the second SAS (I13) are positively correlated

with success on some of the K elements and negatively correlated with

others.

‘PRIOR KNOWLEDGE

 

In the area of previous knowledge the successful students were those

who knew the basics of ecology on the pretest (318’ B30, 341) and had

_expanded that knowledge during the first three weeks of the course

,(KOlOl, K0201, K0401, K0802, K0902, and K1402). A negative correlation

Awas found with the mastery of the concept of metabolism (K1201). These

students were generally those who began the course with a good grasp of

the concepts of biology and ecology and an ability to interpret graphs

and experiments (B57).



BAC]
.——-

C0!"

few

rea

tiv

one

W63

sid

he]

ia]



 
' ——~._;;W

165

BACKGROUND

In background, only a few characteristics proved to be significant

correlationally. The successful students tended to have taken no or

few college physics courses (B were not required to take the remedial
131)’

reading course ATL 101B (B ), and indicated that they prefer quantita—
148

tive discussions, as with mathematical derivations, over more qualitative

ones. As in the previous week's discussion these students were generally

weak in writing skills, did not expect to spend long hours studying out—

side of class, found textbooks but not other resource materials or film

helpful in science courses, and did not prefer to discuss course mater—

ials with friends (3198

Significant correlations with Affective Questionnaire items were

not found in any pattern. Variables B61’ B67, B81, and 399 are positively

correlated with some of the K elements, and negatively correlated with

others. The only straight forward result here is that the successful

students for week 3 tended to feel that they should not answer test

questions based on the way they feel.

.GOODNESS OF FIT AND EXTRAPOLATION 

The goodness of fit parameters for the equations developed with the

,third week's data are contained in Table 6.4. About 72 to 95 percent of

the variation of those K elements with information stretching back into

the first and second weeks of the course was explained using 15 to 19

independent variables. Removing this prior information (K0301, K0802,

K0902 and K1402), about 29 to 70 percent of the variation was explain-

able with the remaining variables. Forty—two to forty—six percent of the

variation in the K elements appearing for the first time (K15, K16’ and

K18) was explained using 14 to 16 independent variables. Extrapolation

of these equations to the winter term generally produced a better fit
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than seen in the week two extrapolation parameters. Sixty-eight

to ninety-seven percent of the variation in the dependent variables

measured (K0303, K0803, and K0903) was possible using all the avail—

able information. However, when the antecedent K values (K030l, K0802,

and K0902) are removed from the equations only K0903 shows a signifi—

cant amount of the variance (41%) accounted for by the remaining vari—

The poor extrapolation for this week and the fourth week isables.

probably due to a problem during the winter term resulting in the third

I

and fourth weekly quizzes being combined into a single shorter quiz given

the fourth week. This undoubtedly confounds the data.
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6.4 Week Four

Instruction during the fourth week of class was concentrated

on the internal structure and function of consumer organisms. Several

ecosystem concepts were reviewed, but very little new added to the

previous instructional delineation of ecosystem. The concept of equi—

librium was reintroduced within the concepts of structure and function

of the living organism and the parallels drawn between the organism

and the ecosystem. The practice quiz contained a number of ecosystem

concepts.

Table E.4 contains the model coefficients for the K elements

measured within the fourth quiz. K elements K3, K4, K5, K9, and K16

were updated with the new data (to K0304, K0404, K0504, K0904, and

K1064, respectively.) No new elements were added.

WEEK FOUR INSTRUCTIONAL VARIABLES 

Some distinct trends begin to emerge during the fourth week which

characterize the students showing a high level of mastery of the eco—

system concepts measured. Such students tended to spend less time than

others on Tape Lab 8 (159) and more time and effort carefully reading

the assigned textbook readings (180). These students also reported

spending more time outside class studying course materials (I72, I81)’

and reported that they found resource books and magazines very helpful

in science courses.

BACKGROUND AND PRIOR KNOWLEDGE

The successful students of week 4 also tended to know something

I. about ecology before entering the course (B15), but performed poorly

on the pretest on several items testing general biological knowledge

(816’ 323, and B These students generally were not required to
37)‘

take a remedial math (B ) course and described themselves as

138
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conservative in some measures (B98). They generally had taken high

school biology and received a high grade, were minoring in elementary

education science, and reported having an activity-oriented science

program in their own elementary school experience. Although they

reported having a positive attitude toward science, they had little

interest in it and were not intending to devote much time to it in

).their own elementary classrooms (B191

GOODNESS OF FIT AND EXTRAPOLATION 

Table 6.5 contains the goodness of fit and extrapolation para—

meters for the equations developed from the week four data. The vari—

ation accounted for in the five independent variables (K0304, K0404,

K0504, K0904, K1604) ranges from 73 to 93 percent using 13 to 16

dependent variables. Eliminating K0303, K0401, K0501, and K1603 from

the respective calculations, the amount of variance accounted for by

the remaining variables ranges from 29 to 63 percent. Note again that

the standard deviations of the residuals have decreased over the pre—

vious weeks indicating an increasingly better fit to the equations to

the data.

When applied to the winter term data, 77 to 97 percent of the

dependent variable's variation is accounted for by the independent

variables in the equations, with the exception of the equation for

K1604 which did not produce a significant result. After removing

prior K measures (K0303, K0401, K0501, and K0903), very little of the

variation is accounted for by the dependent variables. This may again

>1bé the result of the permutation in weeks three and four of the winter

term.
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6.5 Week Five

During the fifth week of class, instruction in BS 202

continued to be concentrated on the structure and function of organ-

isms, with the emphasis on reSpiration in animals. Although no new

Ecosystem concepts were introduced, the emphasis on respiration ex—

panded the general concepts associated with the flow of energy in the

ecosystem. In addition to this coverage in the lecture and SASS, a

number of ecosystem concepts were reviewed or expanded in the Tape

Labs and textbook readings. The Practice Quiz contained items cover—

ing nine of the Ecosystem conceptsy

The fifth weekly quiz contained items which allowed K8, K9, K10,

K14, and K to be updated (to K0805, K0905, K1005, K1405, and K1505,
15

respectively). Two new performance measures K19 and K20 (K1905 and

K2005) were also generated from the data. Table E.5 contains the

coefficients relating these K elements to the model's independent

variables. ‘

WEEK FIVE INSTRUCTIONAL VARIABLES

The pattern which began to emerge from the week four data contine

ues to become clearer in the week five results. The students who

demonstrated mastery of a number of the week five K elements tended to

be those who attended lecture regularly, especially the third and fifth

lectures (I3 and IS)’ attended SAS9 (120) and scored well on the pre—

vious week's quiz (I103). These students also reported that they spend

a large amount of time studying outside of class (I72 and I81) and that

- they carefully read and reread the textbook assignment (180).

PRIOR KNOWLEDGE

In terms of prior knowledge, the Successful students tended not to

know the definition of a population on the Pretest (314), but did know
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something about energy relationships in ecology (B Success on
41*

the week five elements was correlated positively with previous mastery

measures on the concepts of matter cycle (K0304), consumers (K0504),

organic molecule (K0803), and negatively with mastery of the concepts

of ecosystem (K0201), decomposer (K0601), and especially negatively

with photosynthesis (K1503). Both positive and negative correlations

were found with the concepts of energy flow (K0904), inorganic molecule

(K1002) and energy storage (K1403).

BACKGROUND

The successful students on week five K elements tended to report

that they do not let emotion interfere with performance during a test

(B66), do not become confused with increased study or during a test

(B68), do not feel uneasy before a test is returned (B do not feel78) 9

that changing an answer during a test is to their disadvantage (B92),

and do not View themselves as conservative in certain areas (398).

.These students also indicated that they would only be satisfied with

‘a high grade in the course (B ). For some K elements, the Successful
152

students reported that they did not find the memorization of concepts

helpful, but for other K elements the students reported that they

preferred memorization (B ). These students also indicated that

175

they had a positive attitude toward science but low achievement in

math, found textbooks helpful in studying but not reviewing exams, and

intended to devote a large amount of their own elementary claSsroom's

ti 'me to seience (B188).

GOODNESS OF FIT AND EXTRAPOLATION 

The parameters describing the goodness of fit and extrapolation

:for the week five regression equations are presented in Table 6.6.

The proportion of variance explained for the dependent variables with

prior K meaSurements (K0805, K0905, K1005, K1405, and K1505) ranged
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from 62 to 99 percent. Removing this prior data (K0803, K0904, K1002,

K1403, and K1503) reduces the amount of variation explained by the

remaining independent variables to between 38 and 80 percent. Ten to

fifteen independent variables were used in the full equations. For

the newly calculated K elements (K1905 and K2005),51 to 56 percent of

the variance was accounted for by 18 to 20 independent variables. Ex-

trapolating the equations into the validation term's data resulted in

48 to 87 percent of the variation being explained for those variables

with a lengthy prior history (K0805, K0905, and K1005). Removing this

prior information reduced the amount of variance accounted for by the

independent variables to between 28 and 46 percent. Extrapolation of

the equations for the remaining week five variables produced few

significant reSults.
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6.6 Week Six

The major instructional thrust for the sixth week of the

course was in reproduction. Most ecosystem concepts were only touched

on briefly in the lecture and SAS. Here some emphasis was placed on

metabolism and the flow of energy at the molecular level. A number of

ecosystem concepts were briefly reviewed or expanded upon in the Tape

Labs and textbook readings. Thirteen ecosystem concepts were covered

on the practice quiz.

The quiz given at the end of the sixth week contained items

relevant to only four ecosystem conCepts. Data was available to update

elements K1, K4,, and K6 (to K0106, K0406, and K0606) and generate on

initial value for K22 (K2206). Table E.6 contains the model coefficients

for these four K elements.

WEEK SIX INSTRUCTIONAL VARIABLES AND PRIOR KNOWLEDGE 

This week's data provided little information on the students'

1mastery of the ecosystem concepts contained in C , or correlational

information on relevant model variables. About all that can be gleaned

from Table E.6 is that the students who demonstrated a mastery of the

week six K elements were more likely to have attended SAS II (I but

22)’

not to have used the Practice Quiz for week five (147). These students

had demonstrated a prior understanding or mastery of the concepts of

metabolism (K1201) and photosynthesis (K1505), but success on the week

six K elements were negatively correlated with mastery of the concepts

of energy storage (K1405) and, particularly strong with physical

environment (K1604).

‘BACKGROUND

From the Background Questionnaire, these successful students

tended to report that they had or intended to take a course in geology,
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earth science, astronomy, or space science (B were not in elementary

144)’

education with a science major (B ), and were not required to take the
145

remedial reading course ATL 101 (B These students tended to have
148)°

had no previous ecology courses, but several math courses beyond the

remedial, had a positive attitude towards science and expected a high

grade in the course. They reported that they found textbooks and films

helpful in learning but not lectures or lab work (B189)‘

Similar to previous weeks they also reported that they did not

become confused when intensely studying for or taking an exam (B68),

did not think about unanswered questions during an exam (B84)’ and felt

that it was adequate to go through an exam once, then quickly check

their answers (B87). Generally, they are described as calm and controlled

when prepared, testwise, conservative and somewhat independent of friends

or peers (Bll ).

9

GOODNESS OF FIT AND EXTRAPOLATION 

Table 6.7 contains the parameters describing the goodness of fit

‘of the regression equations developed using week six data and the extrap—

olation of these equations to the winter term data. Ninety—three to

ninety—eight percent of the variation in the dependent variables with

prior history (K0106, K0406, and K0606) was accounted for using 10 to

14 independent model variables, but only 14 to 39 percent of the same

variance was accounted for by the same sets of variables when the prior

‘data (K0101, K0404, and K0601) was removed from the equations. About

-70 percent of the variation in the newly computed K element (K2206)

was accounted for by 13 variables. Little significance was found when

the prior data was removed from the equations for K0101, K0404, and

K0601.
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6.7 Week Seven

During the seventh week of the course the main emphasis was

placed on animal reproduction and development. Very little time was

spent in lecture or SAS on Ecosystem concepts. Any mention of the con-

cepts was in the nature of a short, passing review. The Tape Labs and

textbook readings did, however, review and elaborate on ecosystem con—

cepts, and the Practice Quiz did include a number of related items.

The quiz given at the end of the seventh week contained data for

the update of two K elements, K0407 and K1607, and for the initial

computation of elements K2307 and K2407. This did not provide much

information on student progress in the mastery of ecosystem concepts.

The regression equations developed for these four independent variables

are contained in Table E.7.

WEEK SEVEN INSTRUCTIONAL VARIABLES PRIOR KNOWLEDGE, AND'BACKGROQND

An examination of Table E.7 produces several generalizations.

The successful students on the week seven K elements tended not to have

used the lecture tape for the seventh lecture (I38) and not spent much

time on Tape Lab 13 (I They did demonstrate some prior knowledge
64)'

of animal behavior on the Pretest (BZO) but had few or no previous col—

lege biology courses. Previous to the seventh week they had demonstrated

a mastery of the concepts of ecosystem (K0201) and decomposer (K0606)

but not efficiency (K1905). They also tended to agree that it is best

not to always let the majority make a decision (B108). Both positive

and negative correlations occurred with the item concerning the advant—

age of thinking about the manner in which exam questions are answered

(B83) and the previous mastery of the concept of inorganic molecule

(K1006).
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GOODNESS OF FIT AND EXTRAPOLATION 

Table 6.8 contains the parameters measuring the goodness of fit

of the regression equations generated using Fall term data and the

extrapolation of those equations to winter data. For the two K ele—

ments with previous history, K0407 and K1607, 95 to 98 percent of the

variation was accounted for with 10 to 13 independent model variables.

Removing that previous history reduced the percentage variation accounted

for to 26 to 44 percent. About 68 percent of the variation in the new

variables K2307 and K2407 was accounted for by 12 to 13 independent

variables. Extrapolating the relevant equations to the winter data re-

sulted in an accounting of 73 to 99 percent of K0407 and K1607. The

results after removal of the prior information on each variable were

not significant.

6.8 Week Eight

The general topics covered during the next week of class

were concerned primarily with animal nervous systems and behavior.

Several ecosystem concepts were reviewed and the ecological ramifica—

tions of behavior and territoriality introduced. The week was

abbreviated by the Thanksgiving holiday and no quiz was given.
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6.9 Week Nine

Ecology was the main topic of the instructional sessions

conducted during the ninth week of the course. In the lecture emphasis

was placed on the concepts related to the cycling of matter and the flow

of energy in the ecosystem. The concepts of producer, consumer, decom—

poser, energy source, organic and inorganic molecules, energy, photosyn—

thesis, efficiency, food web or chain, symbiosis and succession were all

expanded upon and tied together under the rubric of the internal func—

tioning of the ecosystem. This expansion and unifying theme was carried

through the SASS, Tape Labs, and textbook readings. The Tape Labs and

textbook readings also introduced and expanded upon the concepts of bio—

mass, mutualism, competition, predation, saprophyte, biome, evolution,

trophic level, climax, diversity, and eutrophication. The Practice Quiz

contained items covering twenty-eight ecosystem concepts.

The eighth quiz, given at the end of the ninth week contained in—

formation which allowed eight of the K elements to be updated and initial

values for nine new K elements to be computed (K0308, K0508, K0808, K0908,

K1508, K1608, K1908, K2308, and K2508, K2608, K2708, K2808, K2908, K3008,

K3108, K3208, K3308, respectively). Table E.8 contains the model coef—

ficients developed for these seventeen variables.

PRIOR KNOWLEDGE

An inspection of Table E.8 indicates that most of the relevant

independent variables in the regression equations are related to prior

knowledge of the ecosystems concepts. The students successful on the

‘K elements developed from the eighth quiz tended not to be familiar

with some elements of ecology on the pretest (B25), but in succeeding

weeks had mastered the concepts of ecosystem (K0201), matter cycle
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(K0304), organic molecule (K0805), photosynthesis (K1505), physical

environment (K1607), and mutualism (K2206). They tended to perform

poorly on the concepts of habitat (K1803) and energy storage (K1405). ;

Negative correlations with performance on the latter concept were

particularly pervasive. Both positive and negative correlations were A

found with the previous mastery of the concepts of consumer (K0504),

energy flow (K0905), nutrient (K1101), metabolism (K1201), efficiency

(K1905), and respiration (K2005).

WEEK NINE INSTRUCTIONAL AND BACKGROUND VARIABLES
 

The successful students also tended to make use of the tape of

40). Both positive and negative correlations were found .

I .

between the independent K elements and attendance at lecture 6 (I6)

lecture 9 (I

AND SAS 17 (128). These students also reported that they expected to

spend many hours studying outside class (B154), did not use the ideas

from one exam question to answer another (B93), believed that it was not

always best to follow the majority (B107), and found that their families

approved of their chosen careers (B106)’ Both positive and negative 1,.

correlations were found with a reported belief that thinking about the

grade a person will receive in a course interferes with studying (B72)

for that course. These students also tended to report a high biology

grade in high school, were required to take a remedial writing course,

and a high college GPA, had a negative attitude toward science and

seldom read about biology or any science topics (3197).

GOODNESS OF FIT AND EXTRAPOLATION

Table 6.9 contains the parameters describing the goodness of fit

of the equations in Table E.8 to the Fall term data, and to the Winter

term extrapolation data. For the dependent variables with prior infor—

mation (K0308, K0508, K0808, K0908, K1508, K1608, K1908, and K2308)
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80 to 90 percent of the variation was explainable with 11 to 21 independ—

ent model variables. Removing the prior K variables (K0304, K0504, K0805,

K0905, K1505, K1607, K1905 and K2307) from the regression equations re—

. Forrults in a reduction of the explained variance to 32 to 62 percent.

the new K variables (K2508 to K3308) 35 to 54 percent of the variation

is explainable using 13 to 21 independent model variables.

Extrapolating the quiz eight equations to the Winter term data

A range of aboutresulted in a reduction of the explained variance.

6 to 82 percent of the variance within the dependent K variables is

explainable using the full sets of independent variables mentioned in

the previous paragraph. Removing the prior K variables as discussed

above, reduces these percentages. Note, however, that 26 to 52 percent

0f the variation in K0308, K0808, and K0908 is still accounted for by

This indicates that much of thethe remaining independent variables.

model is transferable from term to term.





 

6.10 Week Ten 4

The main emphasis of the instructional sessions of the final

week of class was on the flow of energy through the ecosystem and popu—

lation ecology. This served to unify most of the ecosystem concepts

presented previously in the term. The lecture was devoted mainly to the

introduction of the few remaining uncovered ecosystem concepts and to a

complete and thorough review of the total ecosystem concept. This review

was accomplished by interrelating all of the ecosystem concepts through

the concepts of the flow of energy and the cycle of matter. The SASS,

Tape Labs, and textbook readings all contributed to this final summary

and review. Twenty-two items relating to ecosystems concepts were

included on the Practice Quiz.

The ninth quiz given at the end of the tenth week contained items

which allowed for the update of six K elements and the computation of

initial K elements for eleven concepts (K0209, K0909, K2309, K2509,

K3109, K3209 and K3409 to K4409, respectively). Table E.9 contains the

regression equations for these K elements developed from the Fall term ‘Wd

data.

WEEK TEN INSTRUCTIONAL VARIABLES

A pattern similar to that observed in the previous weeks emerges

from the inspection of Table E.9. Students performing well on the K

elements tended to have a lower attendance at lectures 7 and 10 (I7,

110) but higher in SAS 19. They also tended to use practice quiz

nine but not ten (ISO, I51), Spent more time on Tape Lab 18 (169) and

scored higher on the previous quiz (1107).

PRIOR KNOWLEDGE

 

In terms of prior knowledge, the students demonstrating some

nastery of the K elements for this week tended to understand the
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rudiments of biological organization (B11) on the pretest, as well as

something about the definition of a niche (B39), but not a practical

example of the concept (B32). Neither did they tend to understand the

concept of food chain (B42) or the relationship between respiration

and photosynthesis in green plants (B43). Positive correlations were

found between the previous mastery of the concepts of ecosystem (K0201),

niche (K3008) and community (K3108) and performance on the week 10

K elements. A negative correlation was found between the previous per—

formance on the concept of biotic environment (K2608) and these K ele-

ments. Both positive and negative correlations were found between the

week ten K variables and prior knowledge of the concepts of energy flow

 

1n the biosphere (B35), metabolism (K1201), energy storage (K1405), life

cycle (K2407), behavior (K2508) and population).

BACKGROUND

In terms of the Background and Affective questionnaire items, the

students demonstrating some mastery on the week ten K elements tended

to report that they had not taken the Physical Science Course for ele— ~~= ,

lmentary education majors (B130), did find resource books and magazines

. helpful in learning for science courses (B168) but not films (B163).

[They also reported that thoughts of doing poorly interfered with their

rtest performance (B that they did not count on friends for help in
74)’

‘preparing for an exam (B81) and that it was unwise to skip around on

~an exam to answer all the easy questions first (B88).

Table 6.10 contains a summary of the parameters describing the

goodness of fit and extrapolation for the regression equations developed

'from the week 10 data. For those K elements with prior information it

’was possible to account for between 83 and 98 percent of the variance

lusing 12 to 22 independent model variables. Removing this prior
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Lformation (K0201, K0908, K2308, K2508, K3108, K3208) reduced the

mount of the variance accounted for by the remaining independent

ariables to between 26 and 63 percent. Extrapolation of these equa—

lons onto the winter term data produced mixed results; from almost 0

a 89 percent of the variation accounted for with all the prior infor-

ation, to 0 to 12 percent with the prior information removed. For

he newly generated K elements (K3409 to K4409) between 37 and 64 per—

ent of the variance was accounted for by between 10 and 28 variables.

one of these equations were successfully extrapolated into the winter

erm data.
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..11 Final

The last set of model coefficients were based on those eco—

system concepts covered by items contained on the Final Exam (see

Table 3.9). These test items contained the information necessary for

the computational update of twenty—three ecosystem concept performance

indices: K0310, K0610, K0810, K0910, K1010, K1410, K1510, K1610,

K1910, K2010, K2210, K2310, K2710, K2910, K3210, K3410, K3610, K3710,

K3910, K4010, K4110, K4210 and K4310. The coefficients relating these

K elements to the model variables are shown in Table E.10.

PRIOR KNOWLEDGE

From Table E.10, the student successful on the final K elements

may be characterized as having a prior knowledge of the (macro) flow of

energy in the ecosystem (B B41), the definition of ecology (B18),
35’

and relationships in the physical environment (B37), but did not under—

stand the flow of energy at the molecular level (B13) or the concept of

plant respiration (B42). Both positive and negative correlations were

found between the K elements and a pretest item testing the interpreta—

tion of an experiment (B23), as well as general understanding of ecol—

>gy (B51). Throughout the term these students also demonstrated a mas-

:ery of the concepts of organism (K0106), matter cycle (K0308), organic

mlecule (K0808), inorganic molecule (K1005), photosynthesis (K1508),

ood chain or web (K2309), predation (K2808) and population growth/

tability (K4009).

ACKGROUND

In terms of background the successful student may have been a

ansfer student (B155) but transferred few credits to MSU (B3), tended

have a positive attitude toward science (B149) and, had little or no
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previous college biology courses (B125). These students also indicated

that they felt that the study of class notes was very helpful in a

science course (B ) but that studying and discussing course material
171

was not helpful. Both positive and negative correlations were found

between K elements and the expectation of a high grade in the course.

From the Affective Questionnaire, the successful students tended

to report that they become confused on tests or with intense study (B68),

that students should think how they are answering questions on a test

(B85) and look for helpful ideas for answering some questions on a test

in other questions (B93), that every word in a test question is import—

ant and, that it was not necessary to look over the entire test before

starting (B89). These students also reported that they enjoyed working

with students who get good grades in class (B99), but didn't need the

encouragement of friends when they met with failure (B101). These

students may be characterized overall as fearing exams, somewhat depend—

ent on friends and family for support, with a tendency to work well with.

).others and very conservative (B117

INSTRUCTIONAL VARIABLES

It appears that the most successful of these students tended to

attend the eighth lecture (18) (a week when attendance was low because

of a holiday), and the second and ninth SASS (113, I20). They used the

fifth practice quiz (I47) but not the first lecture tape (I32), and

tended to have retaken each of the nine practice quizzes in preparation

for the final (197). These students also scored high on the second

quiz (I ).

101

GOODNESS OF FIT AND EXTRAPOLATION

Table 6.11 contains the parameters describing the goodness of fit

and extrapolation of the model equations developed using the data from
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the fall term final exam. The twenty-three K elements calculated from

the final exam items are all updates of previously developed K elements.

When all the previous information is included, 74 to 98 percent of the

variation in these elemtns is accounted for using 18 to 35 dependent

model variables. Removing the previous information (K0308, K0606,

K0808, K0909, K1005, K1405, K1508, K1608, K1908, K2005, K2206, K2309,

K2708, K2908, K3209, K3409, K3609, K3709, K3909, K4009, K4109, K4209,

and K4309) it is possible to account for 32 to 85 percent of the vari—

ation in the independent variables using the remaining dependent vari—

ables in each regression equation.‘ This tends to be an improvement over

the fit of previous week's equations. Note also that the standard devi—

ations of the residuals have grown significantly smaller for the final

version than they were in the early weeks of the course.

When the final equations were extrapolated to the winter term data,

a fairly good fit was obtained using all the prior information in most

cases. Thirty—one to eighty—five percent of the variation in the inde—

pendent K elements is accounted for by the extrapolated equations where

data was available to apply the extrapolation. Removing the prior

information on each K element, reduces the goodness of fit considerably.

 

 





 

6.12 Summary .

A summary of the goodness of fit of the final version of the course

model to the Fall term data and extrapolation to the Winter data is pro—

vided in Table 6.12 For each K element the parameters describing the

fit to the base and extrapolation term data are given. The number of

times the equation was updated based on new weekly data throughout the

course, and the last time the element was updated are also provided.

This latter parameter is equal to the last two digits of the four digit

"K" code used throughout this chapter (if the equation was updated based

 on week 3 this parameter is equal to 3; if based on the final it is equal

to 10, etc.).

For eighteen of the forty K elements it was possible to account for

over 90 percent of the variation using an average of 26 independent vari—

ables. For twenty—eight of the dependent K elements it was possible to

account for over 70 percent of the variation using about the same number

of independent model variables. Those K variables with the greatest

amount of variation accounted for were also those for which there was

sufficient information available from the weekly tests to provide a number

of updatings throughout the term. For those variables which were based on

information contained in only one weekly test, the amount of variation

accounted for by the independent variables was proportionately less;

about thirty—five to sixty percent of the dependent variable's variation.

The large proportion of accountable variance is slightly deceptive

because in those instances where the K element was updated from one week

-to the next, the value of K element is based on a running sum. The K ele—

ment for one week is equal to the sum of the previous week's K element

adjusted for the number of contributing test items plus the values of
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new test items divided by the total number of test items involved to

normalize the variable. The K element is directly related computationally

to the previous week's K element and thus correlated. The R2* column in

Table 6.12 contains the proportion of variance accounted for by the inde—

pendent variables in each regression equation excluding the previous K

element for each entry. Here,for the majority of K elements, the account—

able variation falls into the 40 to 60 percent range. Since it is not

realistic to entirely eliminate the effects of specific previous know-

ledge any more than it is to color the interpretation of the results by a

deliberate computational bias, the amount of variation in the K elements

accounted for by the independent model variables probably lies somewhere

above the R2* values and below the R2 values for Fall term. The mean val—

ue for R2 + R2*/2 is .6541, indicating that for Fall term on the average

about 65 percent of the variation in concept mastery is accounted for by

variables representing cognitive and affective background and instruc—

tional behavior. Recall that Bloom estimated that up to 65 percent of

school achievement may be accounted for by cognitive and affective EEEEX

characteristics.

Looking at the parameters describing the extrapolation of the model

to the Winter term data in Table 6.12, the same pattern as described

above is again apparent. Of the twenty—one K elements which the model

could be applied to, 70 percent or more of the variance was accounted for

by,the independent model variables for eight K elements; and 50 percent

 

l I *

)for those values or R2 listed as NA no previous K elements were

available to drop from the regression equations; for the mean calcu-

lated above R2* was set equal to R . .
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or more for 16. Removing the previous week's K elements from the equa-

tions decreases the accountable variation precipitously. Only two entries

in the R2* column represent accountable variations over 20 percent. The

mean value for R2 + R2*/2 for the extrapolation term is .337, indicating

that on the average the model developed on Fall data accounted for about

34 percent of the variation in the relevant mastery variables collected

Winter term.

BS 202 was not taught by the same instructor Winter term as Fall term,

nor was the course taught and organiaed in exactly the same manner. Pre-

Sumably, if the course had been taught in precisely the same manner both

terms, the model equations developed from the Fall term data would have

fit the Winter data much better than demonstrated in this study. However,

the approximately ”34% fit" of the model to the Winter data does provide

evidence supporting the contention that the routine within a course and

its effect on learning may be modeled, and that modeling has some valid-

ity across terms.

‘6.13 Synopsis

Tables 6.13, 6.14 and 6.15 contain a summary of the major relation—

ships between model variables. Table 6.13 contains the major relation—

rships between the background variables (B) and (K). A "1+” in the table

indicates that for one of the weeks a positive model relationship was in—

'dicated between a B_Element and a K element (K a +B). Likewise a "l—"

indicates a negative relationship. A "1i” or other combinations indicates

that both positive and negative relationships occurred during differnt

‘weeks (only those relationships with coefficient weights equal to or

greater than 0.050 are shown in Tables 6.13, 6.14 and 6.15) An inspection

of Table 6.13 shows that most of the first 209 background variables were
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related to concept item performances—that is, item performance was re—

lated to previous performance in college (Bl — 510), prior knowledge

(B11 - B60) (although the pretest factors contributed little), affective

characteristics (B61 - B116)’ and many items of miscellaneous background

(B B ). College entry level tests, such as the ACT and SAT (B
117 _ 209 210'

B236) did not play a useful role in the model.

Table 6.14 contains the relationships between the instructional

variables (K) and the concept knowledge indices (I) in the same format

as Table 6.13. Here it is obvious that some instructional variables

play a larger role than others. For instance, attendance during the  
first lecture (11) and the second small assembly session (113) appear to

have a significant influence on many of the fist ten ecosystem concepts

presented (K1 - K10). Other I elements such as the use of practice quiz

9 (I50) appear to have a greater effect on the mastery of latter concepts.

Table 6.15 contains the relationships between concept performance

(K') and prior concept performance (K) in the same fashion as used in

Tables 6.13 and 6.14. Note here that the strong relationships shown along »,

the diagonal (top left to bottom right) indicates the expected relation-

ships between current learning and previous knowledge. The many off—dia—

gonal positive and negative correlational occurances indicates the re—

lationsips between inter—connected concepts.
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CHAPTER 7

APPLICATIONS

-AN EXAMPLE

There are a number of situations in which a course model of the

type developed in this study might be applied. If a course was offered

and taught regularly by the same instructor in a manner and with a syl—

labus unvarying from term to term a model of this type could be developed

and implemented as a quality control monitor and feedback mechanism.

Regular processing of the information collected on the students through

the model would produce predictions on probable student performance in

the course, much in the same manner as the model "predicted" student per-

formance in the Winter term for the current study{- The instructor on a

regular basis throughout the term could suggest possible corrective remed-

iation for those students which were predicted to have difficulty with

certain aspects of the course. The model in this situation would serve

as an instrument to improve course efficiency and productivity.

Another possible use of a model of this type is in the formulation

and investigation of research questions. The model provides a concept?

ual structure which will fit any type of complex, sequential instruction.

Given that a large number of variables are involved in the processes and

phenomena in question, the modeling methodology provides a method for

’isolating those variables strongly related to the dependent variables

under study. Once these "strong" components are isolated, the more

subtle interactions may be investigated and isolated with further exper—

imentation and standard statistical techniques.
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To demonstrate the usefulness of the modeling scheme, a combina—

tion of the two previous suggestions was undertaken using the BS 202

course model developed in this study. This demonstration employs the

model both in a variation of the "quality control" feedback mechanism

and as a "first stage" investigatory tool.

As mentioned earlier, one of the perennial problems in BS 202 is

the large number of students in the course who do not achieve the level

of mastery of biological science desirable for elementary teachers,

although they do receive a passing grade. Many components have been

added to the course over the years it has been taught to improve stu—

dent performance. Still there are students that perform at a level inad—

equate for their intended profession.

A possible new approach to this problem would be to divide the in—

coming student class into groups based on specific individual academic

inadequacies or instructional behaviors and modify or supplement the

instruction given each group to improve student performance. It might

be possible to isolate members of the class that are poor readers, for

instance, and provide the group with instruction which minimizes the

effect of reading on performance in the course. Another group might be

found which has poor study skills. These individuals might be provided

with supplemental instruction to improve their study of biological sci—

ence. Unfortunately, previous attempts at the identification of such

groups have met with little success.

The BS 202 course model is based on a large amount of information on

,student behavior and background. If definite and meaningful student

groups exist within the class, it is probable that this information con—

tains parameters useful in identifying those groups. It is also possible

that those variables which consistently appear as the "strong" correlates
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in the regression model detailed in Chapter 6 and Appendix E are

related to the grouping parameters. If such was the case, then by

using these variables groups within the class could be identified

and characterized. Furthermore, if these variables were all meaSured

within the first week or two of the term, then the groups could be

identified in time to apply modified, supplemental, or remedial instruc—

tion for the remainder of the term and perhaps improve student performance.

What was done here to illustrate an application of the model was to

search through those variables which appeared as strong correlates with

the dependent performance variables and choose from among them those which

were collected early in the time schedule of the course. Using this sub—

set of variables strongly related to performance students were sorted into

several groups based on similarities in the values of the variables used.

The students assigned to each group were then very similar to one another

on many of these characteristics measured by variables available early

in the term. Dissimilarities on these characteristics were apparent be—

tween groups. At that point, the complete variable profiles of the stu—

dents in each group were analyzed for similarities. While the variables

used to initially group students reflected characteristics measured early

in the course, this analysis of the entire profile provided more informa-

tion on and insight into the nature of each group. Thus students were

first groupedaccording to characteristics measurable early in the learn-

ing process, then student information reflecting characteristics meaSured

throughout the entire course process were examined and analyzed. This

analysis of the total information available on each student produced

broad group profiles and suggestions or hypotheses on how the learning

performance of each group could be improved or supplemented.
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An inspection of the tables containing the model coefficients in

Appendix E confirms that there are indeed a number of variables which

appear as strong correlates with the performance indices throughout the

term. There are at least forty—two such strong variables which are

available within the first two weeks of the term. These forty-two vari—

ables are listed in Table 7.1 with a description of the general grouping

parameters to which each contributes. These variables reflect previous

academic performance, prior knowledge of biology, testwiseness, test

anxiety, attitudes, expectations, and learning preferences. The last

three variables indicate instructional behavior and performance.

To locate the meaningful student groups the forty—two variables

were used as grouping variables in the Veldman (1967) Hierarchial

Grouping Analysis computer program (HGROUP) located on the University

of Michigan computer and available through the MERIT Network. This pro-

gram groups N cases in N-l to 2 groups through an algorithm which assigns

cases to groups in an attempt to maximize the average intergroup distance

while minimizing the average intragroup distance. The HGROUP program

deals with profile similarity and groups cases based on a minimal increase .1

in within—group variation at each step. Table 7.2 contains the HGROUP

clustering of 94 students from the Fall term, beginning with the forma—

tion of twelve groups from thirteen. Eleven students were not included

in the grouping analysis because of the unusually large amount of missing

data in these students' profiles, thereby decreasing N from 105 to 94.

Student cases in Table 7.2 are represented by a one to three digit code

«followed by a "C". Table 7.2 does not provide any information on the

first eighty grouping steps; from 93 groups to 13 groups. Starting with

the twelfth grouping, the most similar groups are combined forming ll,

10, 9, etc., groups. Each absorption of one group by another increases





TABLE 7.1

GROUPING VARIABLES

 

 

  

  

  

  

  

 

  

  

 

  

  

 

  

  

 

 

 

 

 

 

  

  

 

 

 

  

  

  

  

  

  

VARIABLE ACRONYM GENERAL GROUPING PARAMETER

B3 TRCR Transfer Credits A

B6 MSUPTS Previous Academic Performance 3

B18 PRE008 General Knowledge, Ecology

B19 PREOO9 4§Lecific Knowledge, Ecolflgy i

BZ3 PRE013 Knowledge and Application, Biolggy 1

B28 PRE018 General Knowledgg, Ecology 1

B35 PRE025 Specific Knowledge, Ecology

B41 PRE031 General Knowledge, Ecology

B42 PRE032 General KnowledgeJ Biology

:63 AFFOO3 Test Anxiety 1}

67 AFFOO7 Test Anxiety

B68 AFFOO8 Test Anxiety

B71 AFFOll Test Anxiety

B74 AFF014 Test Anxiety

B81 AFFOZl Test Wiseness

B85 AFF025 Test Wiseness ‘

B87 AFF027 Test Wiseness W”

B89 AFF029 Test Wiseness

B9O AFFO3O Test Wiseness

B92 AFFO32 Test Wiseness

B93 AFFO33 Test Wiseness

B94 AFFO34 Test Wiseness

B98 AFFO38 Peer Orientation

B107 AFFO47 Peer Orientation

B108 AFF048 Peer Orientation .

3123 BKGOO4 Biology Background

B125 BKGOO6 Biology Background

B126 BKGOO7 Attitude Toward Biolggy

B131 BKGOlZ Science Background

:135 BKG016 Science Background

138 BKGOlQ Mathematics Background





 

TABLE 7.1 (Continued)

 

 

  

 

  

  

 

 

 

 

  

 

VARIABLE ACRONYM GENERAL GROUPING PARAMETER

B149 BKGO30 Attitude Toward Science

B151 BKG032 Egpectations in Course

B152 BKGO33 Egpectations in Course

B153 BKGO34 Previous Academic Performance 2

Bl6l BKGO42 Learning Profile h

B168 BKG049 Learning Profile

B171 BKGOSZ Learniflg Profile

B175 BKG056 Learnincr Profile 1

Il LEC001 Lecture Attendance

I70 0NEO3l Practice Quiz Usage

I101 Q2 Performance on Quiz Two  
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TABLE 7.2

HIERARCHICAL GROUPING ANALYSIS OUTPUT

(VELDMAN'S H GROUP)

12 GFfIUPS A11“? C HBINING S 6 (NI 1‘) AND S ‘2 (“I 3). SIM": I 75.5000

1 (I A) 1 531' ‘76 NH
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the total within—group error. Notice that the largest absolute in~

crease in error (A E) for these grouping steps occurs when 8 groups

are combined to form 7 groups. For the purposes here, it is assumed

that the 8 groups represent an "optimal” aggregation of individuals

on the forty-two grouping variables. Thus, the grouping analysis has

prodiced eitht groups of students with maximized intragroup similarities.

Tables 7.3 and 7.4 contain the group profiles across the forty—two

grouping variables.

After the development of the eight distinct groups the entire

array of background, instructional and performance data contained within

the B, I, and K matrices was examined for within—group similarities and

between—group differences. A number of similarities within each group

was found as well as many between—group differences. The fact that

students within each group are similar not only on the grouping variables

but also on many other variables as well indicates that the groupings

are in some sense legitimate, and may provide a clue to improved instruc—

tion in the course. The next section contains a profile of each group

based on the examination of the entire store of model information. The

group profiles are presented as general descriptors or characteristics

of the group as a whole which are based on the tendencies of the students

in the group on a large number of variables.

The suggestions for group performance improvement presented at the

end of each profile discussion are based both on group tendencies and a

comparison of the more successful students in each group with the less

‘successful ones. Such suggestions are of course hypotheses in need 0f

testing through future studies.
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TABLE 7.4

VALUES 0F GROUPING VARIABLES B

3’ 36’ I101

 





 

1

1

1

1
TABLE 7 .4 (Continued) 1

 





Group Profiles and Hypotheses for Instructional Improvement

Group G1

Group G1 was composed of seven individuals Fall term 1977.

They appear to have entered the University with the intention of pursuing

a scientific or technical major, but for some reason, probably the lack

of quantitative skills, changed major to a curriculum requiring BS 202.

Generally, they had a neutral or positive attitude toward science,

aimed at a high grade in the course but expected to be satisfied with

an average grade. They had taken some college physics or chemistry,

received an A or B in high school biology, found lab work and class

notes helpful in their studies and considered memorization important.

Initially most knew some superficial aspects of biology, but little of

the details. They tended to be anxious about test taking and having

enough time to complete the tests, and generally not testwise or clever

at playing the testing game. The individuals in this group tended to

be somewhat conscious of and dependent on peer opinions and decisions.

The students with the higher GPAs in the group were more conservative

than those students in the group with low GPAs. They attended nearly

all the SAS sessions, and usually used the lecture tapes to make up

for missed lectures. On the continuum of dull to bright students,

this group as a whole tends toward the dull end.

There are a number of possibilities for improving the performance

of those students characteristic of this group:

1. Encourage the use of the lecture tapes to make up for

missed lectures.

2. Encourage the use of the practice quiz in preparation"

for the weekly quiz.

 





 

3. Attention and remediation needs to be directed toward

the poor study and critical reading skills character-

istic of this group.

4. Some effort should be expended to Correct the tendency

of individuals in this group to try to memorize every—

thing taught in the course.

5. These individuals need to be actively kept involved in

the course and encouraged to spend considerable time

and effort in preparation.

6. Some of the individuals in this group do not benefit much

from anything they try to improve their performance.

Perhaps those individuals in this group with low GPAs

need individual tutoring.

(It should be remembered that each of the above suggestions is

a hypothesis in need of testing. Each hypothesis is suggested through

the data collected and analyzed, but not proven. Additional studies

are needed to pursue these and all of the following suggestions or

hypotheses.)

Groups G2 and G31

Group G31 appears to be an irregular artifact, and so was merged

with Group G2 for the purpose of analysis. Group G2 was composed of

thirty-seven individuals, roughly one—third of the students in the course

Fall term.

Into this group falls the conscientious and the bored, the easily

discouraged and the undaunted. It is a group with little regularity

Ibeyond a tendency to be irregular in study habits and instructional be—

havior. In general, the group was rather deficient in background know-

ledge of biology although most took High School Biology with a grade of

  La
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A, B, or C. They tended to be non-science oriented with almost no

background of college biology, physics, or chemistry. Although most

reported a neutral or mildly positive attitude toward biology, many

indicated a negative attitude toward science in general. The group

was generally not test anxious, but was moderately testwise and fairly

independent of group pressure; although the worst performace was given

by the most conservative of the group. The group has a GPA range of

mid 2.03 to mid 3.05, with the grade in the course related proportion-

ately to GPA. Most aimed for a high_course grade but indicated they

would be satisfied with a 3.0 to 4.0. The poorer students in the group

tended to be the worst judges of their own potential. Resource maga—

zines and books were viewed as helpful in a science course, but not

as much as lab, classnotes and memorization. The score these students

received on the problem solving test (PRBSOL) may indicate the potential

performance in the course. The Myers—Briggs test scores for this group

indicated that most of the 62 students had profiles characteristic of

elementary teachers, and would be expected to have little interest in

technical things or abstract thinking.

Several areas for performance improvement are suggested (or hypothe-

sized) by the information collected on these students:

1. The one, single area of major improvement for this

group may be each individual's need to develop a

regular, consistent, disciplined mode or habit of

study. They need to spend time each week regularly

reading, studying course materials, and using the

practice quiz. They should avoid any tendency toward

irregular study and then try to catch up before the

quiz.
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2. This group would also benefit from instruction in

critical reading and test taking skills.

Group G6

This group was composed of seventeen individuals Fall term,

mostly freshmen, sophomores, and transfer students. They tend to be a

self—confident, although not overachieving, group of hardworkers who

quickly adapted to the course. With one exception all the members of

this group received a course grade in the 3.0 to 4.0 range. The group

had a somewhat mixed background in biology, most having taken high

school biology and received an A, B, or C, and over half having taken

one term or more of college biology. Many may have transferred biology

credit to Michigan State. The group had a generally positive attitude

toward all science, including biology and intended to aim for a 4.0

in the course, but would be satisfied with a 3.0. The group had a

good attitude toward lab, registering nearly perfect attendance in the

small assembly sessions. They tended to use the lecture tapes to make

up for missed labs, used the practice quizzes from midterm to final,

spent considerable time in the tape labs and spent between 4 and 6 hours

in outside study regularly each week.

The impression from this group is that they need little in the way

of extra help in the course. Some possible areas of improvement are:

l. Lectures. Missed lectures tend to lower final grade.

Lecture tapes should be used to make up for any

lectures missed.

2. These students should try to use the practice quiz

each week regularly throughout the term. They should _

take the practice quiz like a real test, then correct

their mistakes.
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3. Some of these students, especially the younger ones, need

some coaching to improve their testwiseness, and confi—

dence in their ability to take exams.

Group G8

The five individuals in this group tended to have an average

GPA and little or no background in college chemistry or physics. They

received an A or B in high school biology and reported a neutral or

mildly positive attitude toward both biology and science in general.

They tended to initially know something about the basics of biology

and ecology but little about specific biological or ecological proces—

ses. They aimed high in the course, but indicated that they would be

satisfied with an average grade. The group was generally mixed on test

anxiety and self-confidence, and can only be considered partially test—

wise. They generally reported themselves to be independent and not

affected by peer pressures, but the results of their Myers-Briggs

assessment is contradictory, indicating that the need for encouragement

and praise. They generally registered a preference for memorizing facts

over other modes of study. There is also some evidence that these indi-

viduals become discouraged, and perhaps self destructively defiant, very

easily and quickly.

The following are areas where an increased instructor effort might

result in increased performance and better attitude in the part of

these individuals:

1. These students need continual attention, encouragement,

and praise throughout the term.

2. These students should be encouraged to attend the

lecture and SAS regularly.

3. They should use the practice quiz each week, looking up

the answer to each question as they go through it.
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4. Use of the tape labs should be enc0uraged. Perhaps the 1

instructor could provide more attention to these students 1

in the individualized sessions.

5. These students need help in critical reading and with the

improvement of their study skills. Many of these students

try very hard, but the lack of study skills causes them

to waste a great deal of time, and eventually they become

discouraged and give up. .

Group G9 .

Group G9 was composed of twenty students Fall term. This may

be the group that the BS 202 instructors most clearly perceive as fail—

ures in preparation for biology teaching. This group is composed of

mainly transfer students (75%) and freshmen. Although they come to the 1

course with a GPA between 2.5 and 3.5, about one—half receive a grade

of 2.0 or less; one—quarter of the group receiving a 1.5 or 1.0. No

member of this group received a course grade above a 3.0. The group

had a mixed background in biology. Those that took biology in high

school reported a grade of B, C, or D. Although some reported taking W

another college biology course, performance on the pretest was mixed;

most knew simple definitions, but missed the more sophisticated questions.

The group reported mixed apprehension about tests, and most of the stu-

dents were not particularly testwise. Many lacked self confidence, but

did not tend to rely on their peers for support. The group had little

science background and indicated negative to slightly positive attitudes «

toward biology. Over half were neutral or negative towards science in

general. They all indicated that they intended to aim for a 3.0 or 4.0

in the course and would be satisfied with nothing less than a 3.0. Many

were disappointed.
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This might be a group to separate into a separate section where

extra attention and encouragement could be provided. In addition,

the following suggestions for performance improvement are provided:

1. Lecture attendance and/or use of the lecture tapes

should be mandatory.

. 2. Use of the practice quiz should be encouraged. Perhaps

the practice quiz could be administered in a "dry run"‘

fashion in SAS, followed by discussion.

3. Minimum amounts of time spent in the tape lab should

be set and mandatory.

4. Instruction in the improvement of study efficiency

and critical reading should be provided to reduce

wasted student effort and prevent discouragement.

Included here should be the effective use of memorization.

Many of the G9 students appear to have potential, but unfortunately

most of it goes unfulfilled because of poor study habits and attitude.

Group Glé

There were four individuals in this group Fall term. These

individuals tend to be intelligent, self confident, testwise, and inde—

pendent. They had some high school biology, but little or no college

science. They tended to have a neutral or positive attitude toward

biology and science in general, and had high expectations for their own

performance in the course. Although they had little previous knowledge

of biology they were confident in their ability, and their self assess—

ment was essentially accurate. They were clever thinkers and reasoners;

INFJ or INTJs in the Myers-Briggs classification.
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Although this is a high performing group, the following suggestions

a
s
a
;

could possibly improve their performance: 1

1. These individuals should be given the opportunity to

improve their test taking skills and reduce their

test anxiety.

2. Increased usage of the practice quiz should be encouraged.

3. These students should be given some help to improve their

use of the tape lab and prevent wasted effort.

4. The use of the straight memorization of fact should be

discouraged.

5. These areas should be corrected early in the course to

prevent discouragement.

Group G18 1

This last group was composed of four students Fall term. These

individuals tended to have about an average GPA on entering the course.

They took high school biology, no college biology, but took several

college physics and chemistry courses. With this science background

they generally had a neutral or positive attitude toward biology and W

science in general. They tended to know something about ecology, were

able to generalize about the relationships of matter and energy, but

apparently had forgotten many biology facts. They aimed for a high

grade in the course but were willing to settle for an average grade.

They were moderately confident in their abilities to take tests and

were generally independent. 1

Concentration in the following areas for these students would prob—

ably improve their performance in the course:

1. They should attempt to attend all of the lectures.

2. Use of the practice quiz as a "dry run" before the real

quiz may improve their performance.
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3. They should study six or more hours outside class

regularly each week.

4. Some effort should be made to help.decrease these

students' test anxiety, improve their study skills,

including the deemphasis of memorization, and improve

their test taking skills. This will help decrease

their frustration with the course.

Summary

This is as far as the grouping analysis can be taken with the infor—

mation and procedures of this study. The next step is to administer the

instruments containing the forty—two grouping variables to a new, fresh

BS 202 class and divide the class into tentative groups based on the

responses. Table 7.5 contains the operational1 variable values on which

to base such groupings. The experimenter may also wish to add additional

items or instruments, such as the Myers Briggs or the Cognitive Style

Mapping, to further aid in student differentiation and group assignment.

One possible research design would then have the groups each split

randomly into experimental and control groups. The control groups would

then be merged and received the standard BS 202 instructional package.

The experimental groups would receive various treatments based on the

hypotheses proposed earlier in this chapter to improve instructional

performance. Such instructional treatments would include, but not

necessarily be limited to; instruction in the improvement of study skills,

 

1These are the operational values of variable; for the pretest items an

"0" indicates an incorrect response, a "l" a correct response. For the

Affective and Background Questionnaire items (B 3 to B 7 ) the responses

are shown as a number from 0 through 4, indicating a sfudent response of

1 through 5. The 0—4 is an artifact of machine scoring.
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critical reading in the sciences, improvement of test taking skills,

individual tutoring, development of consistent, disciplined study,

additional course instructional sessions and mandatory attendance.

Additional instructional treatments may also be instituted as the

investigation uncovers further intragroup problems and shortcomings.

In summary, then, what has been demonstrated is the possible

development of a tool for improving student performance in the course.

When perfected, the grouping mechanism would channel students through

different "tracts" of the course designed to remediate or minimize

student weaknesses, and capitalize on student strengths. This grouping

mechanism would be based on the results of the experimentation and

investigations following the leads presented in the model study. These

leads and suggestions for grouping presented in the current study were

a direct result of Viewing and modeling the course as a system of sequen—

tial events and processes. Such a view establishes some order to the

chaos of the reality.

  





CHAPTER 8

SUMMARY, EVALUATION, RECOMMENDATIONS

AND CONCLUSIONS

In this study a very simple application of systems approach and

modeling has been applied to the instructional system of a college bio—

logical science course. In this abstract conceptualization students

were viewed as entities passing through the instructional processes of

the course, and the changes in their knowledge of a subset of the con—

tent taught in the course, measured through their test performance,

was considered to be the product of the course. Ecology, a main com-

ponent of modern biologx was used as the subset of content on which stu—

dent performance was monitored. Each component of the course was viewed

as an instructional session contributing to the students' knowledge of

ecology. The effects of the instructional sessions were aggregated on

a weekly basis and related through the model to student performance on

ecological concepts based on items from the weekly quiz. Student con—

cept performance was also related through the model to a large array of

background information collected at the beginning of the course. The

model was successively applied and updated weekly throughout the ten

week schedule of the course.

At the beginning of the study it was necessary to establish a

reference frame for the content. To do this a content analysis of the

‘concept of ”Ecosystem" was conducted to the depth necessary and apprOv

priate for an Ecology course for college biology majors. An analysis

of the Ecosystem content taught in BS 202 was then conducted. When
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comparing the two analyses it was apparent that although the version

of "Ecosystem" taught in BS 202 is less sophisticated than the refer-

ence version, it is comprehensive, and probably represents all that is

digestible in ten weeks by non-science, elementary education majors.

From an analysis of the content of the weekly tests and final exam it

appears that not all of the concepts were tested for and that very few

were tested for repeatedly throughout the term. This lack of compre—

hensive and repeated testing of key concepts reduced the efficacy and

usefulness of the modeling process. _The scarcity of repeated measures

on performance indices also makes it difficult to generalize the model

for other terms.

One of the basic intents of the model building process is that the

final product will organize information in such a manner to make prev 1

viously unrecognized relationships recognizable. For this study, a

large amount of information was collected on students' backgrounds and

instructional behaviors. The approximately 900 variables reflecting

this information were then processed through a series of multiple re-

gression prbcedures from which the final model equations emerged. The

relatively small number of students involved in the study (N = 105)

and the regression "filtering" process identified variables with strong

correlational relationships to the performance indices. Those variables

in the final version may be assumed to be important background para-

meters or components of the course. Conversely, however, if a variable

did not turn out to be a strong correlate, it cannot be dismissed as

tunimportant or irrelevant to the course. More study needs to be given

to these variables. Perhaps another "layer" of modeling may produce

additional information about the course. .

The modeling process employed in this study required very close

attention to the details of the initial data processing. The process
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detailed in Chapter 5 for removing errors and developing clean, consistent

data sets is absolutely necessary anytime a modeling process of this sort

is undertaken. Without this very close attention to details the results

of this study, as modest as they may be, would never have emerged.

For the Fall term, 1977, it was found that the variables represent-

ing student background and instructional behavior (from 13 and I ,

respectively) accounted for about 65 percent, on the average, of the

variation in the performance or mastery variables. Extrapolating the

model to the Winter 1978 term, these same variables accounted for about

34 percent of the variation in the dependent, performance variables.

The latter poor fit for the Winter term is probably due to a number of

changes in the course, including instructors, between the two terms.

It is probalby reasonable to state that, under the assumptions and con-

structions of the model, about 65 percent of the variation in perform—

ance is accounted for by student background and instructional behavior

(Tamir's (I976) antecedents and transactions).

Bloom, as discussed in Chapter 2, stated that up to 90 percent of

the variation in school learning may be accounted for by cognitive and

affective entry characteristics and quality of instruction (1977).

Together, be estimated that cognitive entry behaviors and affective

entry characteristics may account for up to 65 percent of the variation.

This study includes cognitive and affective entry characteristics in

the background variables. These variables when included with instruc—

tional behaviors, which measure something different from quality of

Vinstruction, account for about 65 percent on the average, of the vari-

ance in performance indices, a measure which is very similar to Bloom's

school learning parameter. Thus, this study is somewhat in agreement

with Bloom's estimates.
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The model developed in this study provides a different view of a

standard academic course. It also appears to be transferable across

terms with some limitations. However, the largest contribution of the

methodology demonstrated is not in the academic exercise of model build—

ing, but rather in the uses of such modeling as a research tool. In the

present case, the combination of the modeling methodology with grouping

analysis produced results which may prove useful in improving the in—

structional quality of the course. Further study of the legitimacy of

the groupings and hypotheses suggested for performance improvement in

the Chapter 7 is needed to support this contention. However, the

grouping analysis based on the results of the model building process may

be an important link between a research tool and classroom implementation.

The systems model organized the process of teaching into a heretofore

undeveloped schema. From the vast chaos of information describing this

particular learning process, the model pointed to certain definite rela—

tionships which appear on first examination to be potentially very useful

in restructuring the course and improving learning. If this is the case,

then the concept of course modeling, hopefully using more sophisticated

techniques than employed in this study, may be of some value in educa—

tional research.

In retrospect the methods employed in this study to develop the

model coefficients were very cumbersome and time consuming considering

the results of the effort. That is, a great deal of effort was put into

the determination of the strongly correlated variables but the method of

Ithat determination, the use of multiple correlation on "waves" of vari—

ables, did not insure that all of the relationships were examined. If

this study is replicated it is recommended that the number of independent

variables used be significantly reduced, that the number of students
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in the study group be significantly increased and that multivariate

linear regression analysis replace multiple regression. The use of

multivariate regression is more appropriate for use with the vectors

used in the systems model than multiple regression.

This study has explored, albeit imperfectly, the application of

the systems approach to instructional research. It has shown that such

an application is possible and pointed to some of the advantages of

viewing instruction using the conceptualization of this abstract organ—

ization. Although the model developed in this study was based on some

very simple assumptions, the grouping analysis using variables identified

by the model illustrated a realistic and practical utilization. It is

hoped that more research efforts will develop the possibilities of this

approach further.
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APPENDIX A

Biological Science 202 Fall l977

Course Syllabus

Staff: Dr. N. Jean Enochs

Mr. Charles Elzinga

Mr. John Fogl

Ms. Elaine Rybak

 

Texts: Keeton, William T. Elements of Biological Science, 2nd Edition;

New York: Norton l973. 312‘ '

Enochs, N. Jean. Biological Science 202 Study Guigg. Unpublished.

Burnett, Fisher, Zim. Zoology. New York: Golden Press. l973.

Burnett, Alexander, Zim. Botany. New York: Golden Press. 1970.

There are copies of these textbooks on reserve in the Materials Center,

Room l03C McDonel Hall, which also has other Biology books and materials.

Introduction

This course is designed for the preservice elementary school teacher;

however, it is open to any student who wants an introductory Biological Science

course. Its purpOSes are to help you I) to learn basic biological facts,

concepts, and skills; 2) to think scientifically, and 3) to develop confidence

in your ability to teach Biology as a science in elementary schools.

conviction that you, the learner,gmgst actively learn, that teachers can only

help you learnJ and secondly, that your gbility to ask guestions and find answers,

0 take responsibility for yourself is most

 

important.

self as you learn Biblogical Science with as much help or as little help as you

need. As instructors we propose to help you by l) suggesting what you should

learn by presenting objectives; 2) designating one or more learning activities

by which you may learn to fulfill the objectives; and 3) evaluating and docu-

menting your success at learning and performing in the Biological Sciences.

Your role is to learn actively, to take responsibility for your learning to the

You will be able to pace yourself through an individ-limits of your capacity.

Ifual study session and decide to what degree you wish to pursue the subject.

you have little background in Biology, you may ask questions and repeat tech-

niques without slowing others who may already be familiar with some of the

material.

over the designated learning experiences at your discretion to ask questions,

investigate and go beyond the minimal levels of mastery. The individual study

session is designed to give you as much individual help and time as ygg wish.

Course‘Methodology

The procedures for this quarter have evolved over a seven year period as

Students have tried and responded to this approach to learning. We have made

Slgnificant changes in the course on the basis of student suggestions; and we

It is our

to think and to make decisions, t

Therefore, we have designed the course to allow you to deVelop your-

If you already know the material specified to be learned you may skip
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2

anticipate continuing the development of the course on the basis of your

experience this quarter. The general description of the procedure follows:

General Assembly Session (GAS): Monday 9:l0 . . . . . . . . l hour

Small Assembly Sessions (SAS): M, H or T,T . ... . . . . . 2 hours

Individual Learning Session (lLS): M, W or T, T

(or as long as you need). . . . . . . . . . . . . . 2 hours

Evaluation Session (ES): Friday, 9:l0 . . . . . . . . . . . l hour

Minimum . . 6 hours/week.

You are scheduled to attend a ngeral Assembly Session (GAS) on Monday in

which information suited to lecture rather than laboratory or discussion session

is presented. The context for the weeks work will be set in this session and it

wiH be heavily content oriented and coordinated with the assigned reading

concerning the biological facts and concepts of the week. It may be used for

guest lecturers on biological topics or movies, and it is the only occasion

where all the students meet with the senior instructor at the same time.

The Small Assembly Session (SAS) meets in lO6C HcDonel Hall and brings

together 22 students for group interaction with the aspects of the course that

may best be learned in this manner. This session is oriented toward elementary

school ”sciencing” and techniques for maintaining and investigating animals,

plants, and microorganisms in the classroom. In it you will become acquainted

with the instructor who is personally concerned with you and your progress through

the course.

From there you will move into the lndividggl Learning Session (ILS). You

should have read over the objectives for the week and assigned readings before

coming to the Learning Center to begin the learning activities which can best

be done individually. You will be able to follow the programs at your own rate,

with or without further explanation from the instructor and receive help on a

One-to-one basis. You may spend as much or as little time in this session as

you need with as much or as little assistance as you need in learning to fulfill

the week's objectives and going beyond the minimal requirements to do independent

activities. You should also use this time to ask the instructors guestions

about the lectures, assigned reading or any aspect of the course which is untiear

to you. Since we anticipate the students with an average background (l year of

himischool biology) will spend about 2 hours in the ILS, we strongly urge you

to begin the weekly program early and to finish it another day rather than doing

it all in one sitting. There will be a tally of how many students are in the

Learning Center at each hour so that you may know when the slack times are and

try to come then for any extra time you need. You will also find on the bulletin

heard a schedule showing when your SAS instructor will be on duty in the lLS.

You areralso scheduled for an Evaluation Session (E5) on Friday. During

flfis hour you will be given a quiz over the week's objectives using pictures,

§lagrams, objects or specimens from the GAS, SAS, ILS and assigned reading. It

IS anticipated that this session will be both a testing and learning situation

f°r YOU.' There is no mid-term examination requirement.

Attendance

Students are expected to attend all sessions: absence is considered to be

Serious. Absences due to ill health or death in the family are excusable and

carlbe made up by contacting your instructor on your return. The privilege of
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makeup work is not guaranteed under any other circumstance. The makeup work

for the ES will require the absentee to write a 2-3 page report which demon-

strates comprehension of all the objectives for the unit and/or completing

requisite quizzes. The makeup work must be done within one week after permission

for it has been granted. Students who miss more than two week's work during the

quarter will be required to obtain written permission from Dr. Enochs before

they can make Up the quizzes or continue in the course. '

Grading

Your grade on the course will be determined by your performance on class

assignments and your score on the written tests and final examination. §_e_l_f_

tests will be provided at intervals to allow you to see how successful your

learning Strategies are in relation to the stated objectives and the perform-

ance of other students in the course, in order that you may modify your

strategies if necessary for you to reach your goals. You should feel free to

discuss your grades with your instructor and/or with the senior instructor,

Dr. Enochs. The grading scale follows:

Quizzes l-9 (30 each) 270 points 333-370 points (90%) = Li.0

314-332 points (35%) = 3.5

Final Exam 60 points 296-3l3 points (80%) = 3.0

277-295 points (79%) = 2.5

Participation and ' 259'276 points (70%) = 2°C

Assignments Jig points 240-258 points (65%) = l.5

222-239 points (60%) = l.0

Total Points 370 points

Your grade in the course will be determined by your performance on class

assignments, participation, and your scores on the written tests and final

examination .

The tests will be based on the instructional objectives :and may use

information, pictures, diagrams, objects and specimens from the GAS, SAS, ILS

and assigned readings.

Logrse Content

Elementary teachers i) must be familiar with the basic facts, concepts,

and principles of biology but that is not enough. Teachers also 2) need to

be proficient in the processes of science such as observing, measuring, class-

ifying, using numbers, predicting, inferring, communicating, hypothesizing,

experimenting, and interpreting data. Teachers 3) must be skilled in handling

living organisms and laboratory apparatus. Even that is not enough, teachers

Li) Should be curious and investigative, and have a positive attitude toward

learning. This seems like an impossibly big order, but it is with these ideas

In mind that we have designed this course. It is finally enough that you are

fully responsible and creatively free in helping youngsters learn to be, in

the let century.

r It is our belief that you will benefit from your college career in propor-

1 tion to the degree to which you are directly involved with your learning. We

feel that this method will allow you direct involvement with the subject matter

and at the same time give you individual attention from the'instructors and

encouragement to go beyond the minimal requirements. We will be interested in

Your reaction to this methodology, and we will be responsive to your observations

and suggestions as we try to make the time spent in this course profitable to

YOU. I encourage you to come in and talk with me when I am in the lab, during

my office hours, or call and make an appointment. '

Sincerely,

41 t m» facet“;

A”Enochs 
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3d< Ecological Thread Organismal Thread ReadipgsK

; Introduction Invertebrates ’Kzl-h; 66-69

Oct GAS: Organizing Biology SAS:Glassifying/Pond 2:24-39

}4 SAS:Models of Biology Teaching Water le8-25

. lLS:Microscope ' Handout: Levels of

SAS:Nature of Life Organization

1 GAS:Chemical Basis of Life IILS:Mollusks, Anne- Kzl3-3l; 35-46

pct SAS:Physical Basis of Life lids, and h6-56; 62-66

1043 ILS:Cells Echinoderms ZzhO-hh

SAS:Freld Trip/Trees Handout:Chemical

Basis of Life

? Producers

Pct GAS:Energy and Life SAS;Arthropods Kz57-62; 82-84;

ihil SAS:Photosynthesis 95-l0l; ll8-ll9;

3 ILS:Producers ' 127-l37

- SAS:lnsects Zzh5-64

fl. HandoutzPhotosynthesis

Consumers Vertebrates Kz3l-34; lO9-ll5;

" GAS:Homeostasis 1 SAS:Field Trip/ 119-126’ 137-‘6‘

9C3 SAS:Gonsumer Anatomy I museum

i'e28 ILS:Consumers l flSh, amphib- 2:65-8l

SAS:Gonsumer Anatomy 2 lens: HandoutzLiver

reptiles .

Functions

GAS:Respiration/Control SAS:Dirds K2200-208; 226-23];

PCtBl- SAS:Gonsumers 2 SAS:Mammals 234-239

”mu h ILS:Skeletal Systems 2132*96

i Handout:Respiration

i Continuity of Life K:279'289; 322-329;

th GAS:Molecular Reproduction SAS:Decomposers 326-34l; 165-177

74‘ SAS:Genetic Disorders

5 lLS:Reproduction l 3228'hl

SAS:Plant Development

‘ GAS:Homeostasis 2 SAS:Mosses, Ferns, K:l86-l96;341a3h6

”mu SAS:Animal Development and Gymnosperms

VrIB ILS:Reproduction 2 HandoutzMenstrual

j SAS:Human Development Cycle

' ' . 8:45-55; th-IOS

' lpteractions of Organisms ‘TTT

"mu GAS:Behavior/Nervous System Thanksgiving K:2h8-274

ihqz 'SAS:Invertebrate Behavior Holiday

” .SAS:Vertebrate Behavior ~
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..eek Ecological Thread Organismal Thread Reading;

r

? GAS:Biogeochemical Cycling SAS:Flowering Plants Kz392-402; hl8-h25

Nov.28- SAS‘1Water Quality

Dec. 2 .ILSiEcology l Handout: N+C cycles

; SAS:Air Quality 8:56-63; lO6-ll5

GAS:Energy Flow/Pepulation SAS:Taxonomy thoz-hlS; 388-390

Dec. SAS:Food and POpuIation leZ-IS

5'9 ILS:Ecology II 2:4-7

i SAS':Planet Management HandoutzTaxonomy

 

final Exam: Friday, December l6, I977, 12:1:‘5~2:L'-5 p.m. in McDonel Kiva.

'k
\

iBooks for reading designated: K = Keeton, Z = Zoology, B = Botany
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ANALYTIC ABILITY

BIOLOGICAL SCIENCE 202:PROBLEM SOLVING

nme Student Number
  

The objective of this exercise is to determine student aptitude on types

i problems not often encountered. Your performance will not effect your

'ade. Please do the best you can, but DO NOT GUESS. Leave an item black if

IU do not know the correct answer.

Please fill in your name and student number on this sheet and on the IBM

ieet. narken in the apprOpriate squares under your name and student number

I the IBM sheet. '

The questions are all multiple choice. Answer each question that you

in without guessing by marking the appropriate box on the IBM sheet.

You may write or draw on the test pages if you wish.



 

1 PART l E
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Directions: In this part, you are to choose from five diagrams the

one that illustrates the relationship among three given

classes better than any of the other diagrams offered.

There are three possible relationships between any

two different classes:

. indicates that one class is completely contained

in the other, but not vice versa.

indicates that neither class is completely

' contained in the other, but the

two do have members in common.

(:::) (:::> indicates that there are no members in common.

Note: The size of the circles does not indicate relative

size of the classes.

 

Example:

Birds, pets, trees.

0) .0 (2) O O O

The correct answer, (4), shows that one of the classes (trees) has

no members in common with the other two. (No trees are either birds

or pets, and no birds or pets are trees). (4) also shows that the

other two classes have some members in common, but neither is

completely included in the other (some birds are pets and some pets

are birds, but there are birds that are not pets and there are pets

that are not birds).
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The five possible choices for questions I through 8 are given below:

0) <2) (3) @ O

(1:) QED (s)

I. Nuts, pecans, forks.

2. Adult women, infants, black-haired people.

. Fish, minnows, things that live in the water.

. Governments, democracies, dictatorships.

Adult men, government officials, congrégsflen

3

I;

5

6. Students, children, parents.

7 Lizards, cats, reptiles.

8 Frozen desserts, milk products, ice cream.

II. (In answering the questions below it may be useful to draw a

rough diagram.)

Questions 9 and ID.

(A) It is assumed that a half tone is the smallest possible

interval between notes.

(B) Note T is a half tone higher than note V.

(C) Note V is a whole tone higher than note H.

(0) Note w is a half tone lower than note x.

(E) Note x is a whole tone lower than note T.

(F) Note Y is a whole tone lower than note w.

{hich of the following represents the relative order of the notes from the

lowest to the highest?

0) wiv1.

(2) vav1.

(3) vvrvx.

(it) vvvrx.

(S) yxvvr.

ihich of the following statements about an additional note, 2, could

NOT be true?

2 is higher than T.

2 is lower than Y.

(3) I Is lower than v.

2 is between V and Y.

Z is between H and X.
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Questions ll and l2

(A)

(B)

(C)

(D)

(E)

(F)

A red ticket is required for entrance.

You can get a red ticket if you have your blue form

signed by the director.

The director will only sign the blue form if you surrender

y0ur yellow pass to him. '

If you have a green slip, you can exchange it for a yellow

pass, but only if the director has signed your blue form.

If you have a valid driver's license, you do not have to

have your blue form signed by the director in order to

get a red ticket.

You can get a yellow pass on request, but only if you do

not already have a green slip.

The above procedures fail to specify

(1) whether anything besides a red ticket is required for entrance.

whether you can exchange a green slip for a yellow pass.

(3) the condition under which the director will sign the blue form.

(4) how to get a red ticket if you have a yellow pass.

(5) how to bypass the requirement of having the blue form signed. ‘

l

Having which of the following makes it impossible for someone without

a driver's license to enter?

(A) A signed blue form.

(8) An unsigned blue form.

(C) A yellow pass.

(0) A red ticket.

(E) A green slip.

Questions 13 and lh

This problem is about Fish, Snail, Bean, and Bird Islands. People

have been traveling among these islands by boat

for many years, but recently an airplane

started a business. Carefully read the clues J

about possible plane trips. The trips may be . ',.

direct or include stops and plane changes on

an island. When a trip is possible it can be

made in either direction between the islands.

,(A)

(B)

 

People can go by plane between Bean and Fish Islands.
'

People cannot go by plane between Bird and Snail Islands.

(C) People can go by plane between Bean and Bird Islands.

. -Can people go by plane between Fish and Bird Islands?

(l) Yes.

(2) No.

(3) Can't tell from the clues.

Can people go by plane between Snail and Fish Islands?

(l) Yes. (2) No. (3) Can't tell from the clues.



DIREETIONS:

I. Please 

[
‘
3

Write y

w

Answer

.
=
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Check i

.' Read ti

II comi

m
0
‘

Be sun

N - Return

Answers I-

” Spring

2) Sprini

3) Cand

l) Band
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CONTROLLING VARIABLES

rl0N5:

lease read and examine the first page carefully.

rite your name and student number at the top of page 2.

iswer questions I, 2, 3 and 4, then

meck your answers with those given below.

aad the t0p of page 3 carefully, then answer questions 5 through

I completely.

a sure to write your name and student number at the top of page 2.

:turn your ”test” during your SAS.

'5 l-h

>ring K: Brass, Few coils, Thin wire, Big coils .

>ring N is made of THIN, STEEL wire and has MANY, SMALL coils.

and I are different: They have different sized coils. imw

and P are the same: Same coil size, number of coils and metal.
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There are l6 springs and three weights shown above.

Some of the springs have big coils and some have small coils. The springs

with BIG coils are: A, B, C, D, F, G, K, P.

Some of the springs are made of thick wire and some are made of thin wire.

The ones made of THIN wire are: D, F, G, H, J, K, N.

Some of the springs have many coils and some have only a few. The springs

with MANY coils are: A, E, F, G, H, L, N, P. '

Some of the springs are made of steel and some are made of brass. The STEEL

springs are colored black and the BRASS springs are colored red° The brass

(red) springs are: A, C, E, F, H, I, K, 0.

 

The steel (black) springs are: B, D, G, J, L, M, N, P.

Weights number l and number 2 weigh the same amount. They are both heavy.

Weight number 3 is lighter.

(If you have any questions please raise your hand).



on Pi



on

2)

3)

1!)

 

 

Please answer the following questions. Be sure to use ALL of the information

Page I.

Circle the words below which describe spring K:

Brass or Steel.

Many coils or Few coils.

Thin wire or Thick wire.

’ Small coils or Big coils.

Which of the following is TRUE about spring N} (Circle the correct choice).

a) Spring N is made of THIN, BRASS wire and has MANY, LARGE coils.

b) Spring N is made of THICK, STEEL wire and has a FEW, SMALL coils.

c) Spring N is made of THlN, STEEL wire and has MANY, SMALL coils.

d) Spring N is made of THIN, STEEL wire and has a FEW, SMALL colls.

How are springs C and l DIFFERENT? (Circle the correct choice).

a) They are made of different kinds of metal.

b) They are made of wire of different thicknesses.

c) They have dlfferent numbers of coils.

d) They have different sized coils.

How are springs G and P the SAME? (Circle the correct choice).

6) Same coil size, number of coils and wire thickness.

b) Same coil size, number of coils and metal.

c) Same metal. number of coils, and wire thickness.

d) Same metal, coll size and wire thickness.



Suppose

a diffe

IIe coul

wei

and

we

and
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3

Suppose we wanted to see whether or not the number of coils a spring has makes

a difference on how far down it goes when a weight is hung on the spring.

We could test this by hanging

weight number i on spring A

and

weight number 2 on spring E,

and seeing which spring goes dOwn farther:

or

we could test the same thing by hanging

weight number 1 on spring N

and

weight number i on spring i,

and

seeing which spring goes down farther.

Here are some tests for you to make. (Please raise your hand if you have any questions)

5)” Can yourmakeeafitest to see if the size of the coils makes any difference in how

far a spring will go down? /Yes/ /No /
 

If so, the test could be made by hanging

weight number __ on spring __.

and

weight number on spring __.

6) Which spring could you compare to spring B to show whether the size of the

coils changes the amount the springs go down?

"Spring __. No spring / /





279

i,

7) Can you make a test to see if the thickness of the wire that the springs are

made of makes any difference in how far a spring will go down? LE LE7

If so, the test could be made by hanging

weight number _ on spring _.

and

weight number _ on spring _.

8) Which spring could you compare to Spring 9 to show whether the thickness of the

wire that the springs are made of changes the amount the spring goes down?

 

Spring __. No spring I



 

.7. F

.
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9) Can you make a test to see if the kind of mess} a spring is made of changes

the amount a spring goes down? [EEE7 [E§:7

If so, the test could be made by hanging

weight number __ on spring __

and

weight number ___on spring.__.

l0) If you put weight number‘l on spring §.and weight number g on spring A, would

this be a good test to see if the metal the springs are made of affects the

amount they go down?

/No /

 

/Yes/

H) Can you make a test to see if the weight hung on the spring changes the amount it

will go down?

/Yes/ lNo /
 

If so, the test could be made by hanging

weight nunber _ on spring __

and

weight number __ on spring _.
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Instructional Variables ‘

 

FALL TERM 1977 WINTER TERM 1978

 

        

Element Acronym Mean Std.Dev. N. Mean Std.Dev. N.

I1 LECOOl 0.914 0.281 105 0.767 0.381 75

I2 LEC002 0.876 0.331 105 0.800 0.360 75

I3 LECOO3 0.848 0.361 105 0.717 0.406 75

I4 LECOO4 0.733 0.444 105 0.733 0.398 75

I5 LEC005 0.752 0.434 105 0.667 0.424 75

I6 LEC006 0.733 0.444 105 0.717 0.406 75

I7 LECOO7 0.702 0.460 104 0.617 0.438 75

I8 LECOO8 0.562 0.499 105 0.683 0.284 75

I9 LECOO9 0.562 0.499 105 0.567 0.446 75

I10 LECOlO 0.648 0.480 105 0.583 0.444 75

I11 LECATD 7.356 2.516 104 6.167 2.182 75

I12 SASOOl 0.990 0.098 105 0.883 0.289 75

I13 SASOOZ 0.990 0.098 105 0.900 0.270 75

I14 SASOO3 0.933 0.251 105 0.900 0.270 75

I15 SASOO4 0.962 0.192 105 0.917 x 0.249 75

I16 SASOOS 0.962 0.192 105 0.833 0.336 75

I17 SASOO6 0.952 0.214 105 0.550 0.448 75

I18 SASOO7 0.924 0.267 105 0.800 0.360 75

I19 SASOO8 0.933 0.252 104 0.667 0.424 75

I20 SASOO9 0.893 0.310 103 0.650 0.429 75

I21 SASOlO 0.932 0.253 103 0.717 0.406 75

I22 SASOll 0.921 0.271 101 0.650 0.429 75

I23 SASOlZ 0.960 0.196 101 0.533 0.449 75

I24 SASOl3 0.950 0.218 101 0.567 0.446 75

I25 SASOl4 0.941 0.238 101 0.650 0.429 75

I26 SASOlS 0.839 0.374 31 0.600 0.282 75

I-27 SASOl6 0.891 0.313 101 0.533 0.449 75

“ I28 SASOl7 0.921 0.271 101 0.750 0.390 75

I29 SASOl8 0.901 0.300 101 0.800 0.360 75.

I30 SASOl9 0.931 0.255 101 0.617 0.438 75

I31 SASATD )6.990 2.166 101 12.917 3.227 75
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Mairix Variable FALL TERM 1977 WINTER TERM 1978

Element Acronym, Mean Std.Dev. N. Mean Staggev. N.

I32 LTPOOl 0.010 0.098 105 0. 0. 75

I33 LTP002 0.010 0.098 105 0.013 0.115 75

I34 LTPOO3 0.010 0.098 105 0.067 0.251 75

I35 LT9004 0.029 0.167 105 0.040 0.197 75

I36 LT9005 0.010 0.098 105 0.040 0.197 75

I37 LTPOO6 0.019 0.137 105 0.040 0.197 75

I38 LTPOO7 0.029 0.167 105 0.013 0.115 75

I39 LTPOO8 0.029 0.167 105 0.033 0.103 75

I40 LTPOO9 0.019 0.137 105 0.040 0.197 75

I41 LTPOlO 0.010 0.098 105 0.027 0.162 75

I42 LTPTOT 0.171 0.545 105 0.280 0.831 75

I43 992001 0.019 0.195 105 0.160 0.369 75

I44 992002 0.019 0.195 105 0.227 0.421 75

I45 992003 0 0 105 0.187 0.392 75

I46 992004 0.457 0.501 105 0.227 I 0.421 75

I47 992005 0.457 0.501 105 0.293 0.458 75

I48 992006 0.410 0.494 105 0.240 0.430 75

I49 992007 0.390 0.490 105 0.320 0.470 75

I50 992008 0.371 0.486 105 0.293 0.458 75

I51 992009 0.333 0.474 105 0.347 0.479 75

I52 992T0T 2.457 2.442 105 2.293 2.958 75

I53 T01 1.003 0.271 76 0.836 0.357 75

I54 TC3 0.901 0.273 89 0.807 0.501 75

I55 T04 0.833 0.363 75 1.286 0.968 75

I56 T05 0.752 0.429 83 1.189 0.497 75

I57 T06 1.371 1.018 89 0.900 0.709 75

I58 TC7 0.916 0.642 85 1.190 0.510 75

"I59 TC8 1.353 0.642 88 0.811 0.418 75

I60 T09 0.613 0.302 81 1.222 0.465 75.

I61 TClO 1.320 0.445 89 0.632 0.315 75

I62 T011 0.930 0.516 89 1.275 0.915 75
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I

Matrix Variable FALL TERM 1977 WINTER TERM 1978

Element Acronym Mean Std.Dev. N. Mean Std. Dev. N

I63 T012 1.238 0.567 86 0.841 0.472 75

I64 T013 0.942 0.491 82 0.945 0.366 75

I65 T014 1.008 0.413 82 0.907 0.407 75

I66 T015 0.841 0.431 82 1.128 0.357 75

I67 T016 1.220 0.516 81 0.805 0.429 75

I68 T017 0.460 0.382 .68 1.276 0.584 75

I69 T018 1.395 0.657 '77 0.319 0.158 75

I70 ONEO3l .527 .701 93 0.474 0.660 75

I71 ONEO32 2.362 .788 94 2.333 0.577 75

I72 099033 2.064 1.086 94 2.474 0.872 75

I73 Tw0031 0.805 0.689 77 0.483 0.642 75

I74 TWOO32 2.208 0.848 77 2.207 0.712 75

I75 TWOO33 2.803 1.083 76 2.509 0.932 75

I76 TREO3l 0.671 0.602 73 0.671 0.0 75

I77 TREO32 2.164 0.834 73 2.164 0.0 75

I78 TREO33 2.800 1.044 70 2.800 0.0 75

I79 909031 0.701 0.631 87 0.536 0.735 75

I80 909032 2.000 0.812 86 1.786 0.672 75

I81 909033 2.741 1.014 85 2.607 1.061 75

I82 9va031 0.704 0.697 81 0.553 0.654 75

I83 FVEO32 2.198 0.900 81 1.894 0.598 75

I84 FVE033 2.617 1.056 81 2.277 0.911 75

I85 81x031 0.789 0.754 71 0.611 0.706 75

I86 SIXO32 1.914 0.775 70 1.759 0.677 75

I87 SIXO33 2.690 0.994 71 2.151 0.860 75

I88 svu031 0.623 0.708 77 0.709 0.710 75

I89 SVNO32 1.974 0.843 77 1.907 0.758 75

1190 svm033 2.558 1.219 77 2.345 0.948 75

I91 NINO31 0.760 0.768 75 0.706 0.703 75‘

I92 919032 1.716 0.973 74 1.784 0.794 75

I93 NINO33 2.493 1.132 75 2.240 0.966 75
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FALL TERM 1977 WINTER TERM 1978

 

        

Element Acronym Mean Std. Dev. N. Mean Std. Dev. N.

I94 FINO61 0.472 0.641 89 0.556 0.585 75

I95 FINO62 1.697 0.946 89 1.574 0.967 75

I96 FINO63 2.135 1.140 89 1.741 1.029 75

I97 FINO64 0.500 0.678 88 0.528 0.584 75

‘ I98 FINO65 1.307 0.975 88 1.907 0.826 75

I99 FIN066 2.591 1.301 '88 2.745 0.919 75

I100 Q1 20.892 3.333 102 24.323 3.821 75

I101 Q2 21.224 3.798 98 26.317 3.101 75

I102 Q3 21.202 4.542 99 25.320 3.049 75

I103 Q4 22.042 3.202 95 27.397 4.206 75

I104 Q5 24.516 3.091 93 28.000 3.437 75

I105 Q6 23.056 4.060 89 22.820 4.391 75

I106 Q7 23.387 3.962 93 27.276 3.872 75

I107 Q9 22.087 3.015 92 26.283 3.852 75

I108 Q10 22.363 3.237 91 23.667 3.676 75
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TABLE D.l

PRETEST FACTOR ANALYSIS

 

 

 

      

B Matrix Fac- Eigen- PCTof.

Elements Variable Communality tor* value VAR CUM PCT

Bll = PRE001 .30445 1 2.50708 14.3 14.3

B12 = PREOOZ .74161 2 1.93106 11.0 25.3

B13. = PRE003 .42990 3 1.57459 9.0 34.3

B14 = PRE004 .34633 4 1.52678 8.7 43.0

B15 = PRE005 .49032 5 1.45112 8.3 51.3

B16 = PREOO6 .38673 6 1.20621 6.9 58.1

B17 = PREOO7 .31443 ~7 1.15199 6.6 64.7

B18 = PRE008 .25685 .8 1.08548 6.2 70.9

Bl9 = PREOO9 .24983 9 .94324 5.4 76.3

B20 = PRE010 .65.78 10 .86626 4.9 81.2

B21 = PRE011 .32335 11 .82853 4.7 85.9

B22 = PRE012 1.00227 12 .70668 4.0 90.0

B23 = PRE013 .17973 13 .63201 3.6 93.6

823 = PRE014 .61759 14 .59487 3.4 97.0

B25 = PRE015 .44553 15 .53464 3.0 100.0

B26 = PRE016 .33886

B27 = PRBOI7 '58876 Analysis: Principal Factoring**

B23 = PRE018 '76886 with.33 Iterations and Varimax

B29 = PRE019 “68459 Orthogonal Rotation.

B30 = PRE020 .30051

B31 = PRE021 .66861

B32 = PRE022 .33987

B33 = PRE023 .38825

B34 = PRE024 .89144

B35 = PRE025 .36339

B36 = PRE026 .90180

B37 = PRE027 .89388

B38, = PRE028 .29826   
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TABLE 9.1 CONTINUED

PRETEST FACTOR ANALYSIS

 

    
 

 

 

 

     
 

as elements B46 through B60.

B Matrix

Elements Variable , Communality

B39 = PRE029 .47304

340 = PRE030 .59189

B414 = PRE031 .59372

B42 = PRE032 .29020

B43 = PRE033 .58242

B44 = PRE034 .84169

Major Components Standard

Factor ("Pre" test items) Mean Range Deviation

1 21,23,24,26,31,33,34 0.0 -2.16 to 1.19 0.899

2 1,2,3,5,17,18,30 0.0 -1.40 to 1.61 0.897

3 1,3,5,7,14,21,32 0.0 -1.85 to 1.37 0.827

4 1,7,9,12,21,24,26,27, ,

30,33 0.0 -5.07 to 0.97 1.014

5 2,19,20,21,24,30,32 0.0 -1.70 to 1.41 0.863

3,17,18,24,26,31,34 0.0 -1.72 to 1.84 0.911

7 3,5,12,23,24,26,29,30,

34 0.0 -3.25 to 1.64 0.923

8 4,5,6,8,11,16,18,21,

22,23,24,30 0.0 —2.33 to 1.20 0.806

9 2,12,17,26,27,31,34 0.0 -1-85 to 1-63 0-864

10 698917919921926927 0.0 “1.66 to 1.51 0.933

11 2,3,6,14,18,21,27,28,

33 0-0 -l.46 to 1.76 0.820

12 2,9,15,17,18,23:24 0.0 —1.16 to 3.34 0.782

13 2.5.6.10»14,22,25 0.0 -1.61 to 1.17 0.821

14' 12,18,21,22,25,29,3l 0.0 _1.19 to 2.30 0.774

'15 5,6,7,10,11,17,18,

23,24,25,30’31,32 0.0 -2.28 to 1.40 0.795‘

*Pretest Factors are included in B **SPSS PA2 Option
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TABLE D.2

AFFECTIVE QUESTIONNAIRE FACTOR ANALYSIS

 

 

VARIABLE COMMUNALITY

851 499001 .33224

B62 499002 .58348

963» 499003 .62353

964 499004 .33870

865 499005 .49620

B66 499006 .29129

B67 499007 .33136

B68 499008 .27740

B69 499009 .42686

70 499010 .34254

71 499011 .26843

72 499012 .37906

73 499013 .35248

74 499014 .54894

75 499015 .28740

76 499016 .42324

77 499017 .21490

78 499018 .51831

79 499019 .39920

80 499020 .31958

82 499022 .54067

83 499023 .58784

84 499024 .24068

85 499025 1.00699

86 499026 .11840

87. 499027 .11573

88 AFF028 .44775

89 499029 .29973

90 499030 .12821

91 499031 .27303

499032 .29683w
w
w
-
w
w
w
w
w
w
w
w
w
w
w
w
w
w
w
w
w
w
w

\
D

N  

 

FACT- EIGEN- PCT 0F

0R* VALUE VAR CUM PCT

1 3.98067 22.7 22.7

2 2.22991 12.7 35.5

3 1.83957 10.5 46.0

4 1.62837 9.3 55.3

5 1.46467 8.4 63.6

6 1.34250 7.7 71.3

7~ 1.24444 7.1 78.4

8- 1.10681 6.3 84.7

9 1.03649 5.9 90.7

10 .83154 4.7 95.4

11 .80332 4.6 100.0    

 
 

ANALYSIS: PRINCIPAL FACTORING**

WITH 10 ITERATIONS AND VARIMAX

ORTHOGONAL ROTATION
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TABLE D.2 (Continued)

 

   

 

 

 

VARIABLE COMMUNALITY

393 = AFF033 .48614

B94 = AFF034 .29880

B95 = AFF035 .22451

B961: AFF036 .38471

997 = 499037 ' .33337

B98 = AFF038 .44918

399 = AFF039 .44896

B100= AFF040 .60531

3101= AFF041 .28223

3102= AFF042 .44650

8103= AFF043 .27658

B104= AFF044 .25514

B105= AFF045 .28700

B106: AFF046 .42460

B107= AFFO47 .25481

B108: AFFO48 .23745

(Affective Questionnaire STANDARD

FACTOR MAJOR COMPONENTS Items, "AFF") MEAN RANGE DEVIATION

l 2,3,5,6,7,25,30,32,33,41 0.0 -1.61—2.08 0.907

2 10,20,22,25,31,33,36,42,45,46 0.0 -l.94-3.61 0.971

3 2,4,9,16,18,25,32,33,41,43,44 0.0 -1.75-1.63 0.838

4 1,4,9,25,28,34,37,39,40,42 0.0 -2.79-1.48 0.850

5 1,5,10,13,14,34,37,44,48 0.0 -2.42-1.42 0.821

6 2,7,9,24,33,34,36,39,40,43 0.0 -l.24-4.65 0.847

7 2,3,8,16,20,23,25,29,33,34,37,45,47 0.0 -2.33-1.84 0.829

8 2,3,10,14,22,23,24,25,28,31,33,35,37,40,

42,44,45 0.0 -1.74-2.01 0.840

9 3,5,22,23,25,40,4l,42,45,46 0.0 -1.44-3.94 0.836

10 3,8,15,16,17,18,19,23,25,33,34,46 0.0 -1.97-2.45 0.818

11 2,5,12,14,19,33,38,40,42,46 0.0 -l.38-1.83 0.805    
 

*Affective Factors are included

'_,**SPSS PA2 option in B as Elements B109 to Blll

 





TABLE D.3

BACKGROUND QUESTIONNAIRE FACTOR ANALYSIS

 

156   

B Matrix

Elements Variable Communality

B121== BKGOOZ .54719

3123 = BKG004 .50201

3124 = BKGOOS .42654

B125 = BKGOO6 .37496

3126 = BKGOO6 . 75568

B1281: BKG009 .36752

B130 = BKGOll .28720

B131:= BKG012 .39482

B133== BKGOl4 .45750

B135 = BKG016 .25327

B136 = BKG017 . 34421

3137.= BKG018 .39120

3138:: BKG019 .30725

B139 = BKG020 .27691

B140 = BKG021 .44576

B141 = BKG022 .40536

B143 = BKG024 .59727

3144_= BKG024 .30524

3145 = BKGOZ6 . 34726

B146 = BKG027 .57897

B147.= BKGOZB .81401

B148 = 131(0029 .60365

B149 = BKG030 . 76220

B150 = BKGO31 .69106

B151 = BKGO32 .56750

B152 = BKG033 .46199

8153 = BKG034 .55654

”B154== BKGO35 .51077

B155== BKGO36 .57872

B = BKG037 .67004

 

     
 

 
  

Fac- Eigen— PCT of

tori, value VAR CUM PCT

1 4.61321 15.3 15.3

2 3.66936 12.2 27.5

3 3.01920 10.0 37.5

4 2.63990 8.8 46.3

5 2.26269 7.5 53.8

6 1.97362 6.5 60.3

'7 1.69051 5.6 65.9

’ 8 1.59578 5.3 71.2

9 1.57649 5.2 76.4

10 1.55107 5.1 81.6

11 1.34883 4.5 86.1

12 1.23278 4.1 90.2

13 1.18913 3.9 94.1

14 .92674 3.1 97.2

15 .84963 ,2.8 100.0

Analvsis: Principal Factoring**

with 21 Iterations and Varimax

Orthogonal Rotation
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TABLE 9 . 3 CONTINUED

 

w
w
w
w
m
w
w
w
w
w
w
w
w
w
w
w
w
w
w
w
m
w
w
w
w
w
w
w

B Matrix

E1ements Variable Communalitx

157 = BKGOB8 .36526

B158 BKGO39 .45860

159 = BKG040 .79317

160 = BKG041 .67308

161 = BKG042 .44745

162 BKG043 .39290

163 = BKG044 .53208

164 BKG045 .59895

165 BKG046 .46947

166 = BKG047 .78492

167 = BKG048 .64009

168 = BKG049 .34698

169 = BKGOSO .50186

170 BKG051 .82095

171 BKGOSZ .45371

172 = BKG053 .31704

173 = BKG054 .59783

174 = BKGOSS .71381

175 BKG056 .65008

176 BKG057 .65604

177 = BKG058 .41004

178 = BKG059 .49227

179 = BKG060 .28790

180 = BKG061 .47901

181 = BKG062 .44370

182 BKGOéB .63778

183 = BKG064 .42908

184 = BKG065 .14452

185 = BKGO66 .55022

186 = BKG067 .46653     
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TABLE D.3 CONTINUED

 

 

     
 

Major Components .

(Background Question— ' Standard

Factor naire Items ”BKG") Mean Range Deviation

1 7,22,24,30,31,32,47, 0.0 —2.31 to 2.03 0.923

50,51,56,57,67

2 5,7,22,26,33,38,41,44 0.0 -2.67 to 1.93 0.916

45,47,51,67

3 6,28,29,35,36,47,48,I 0.0 —2.38 to 1.71 0.863

51,55,56,61,67

4 4,27,30,31,38,40,45, 0.0'-2.48t61.80 0.865

46,47,48,50,51,52,67 ‘

5 4,25,31,32,33,34,35, 0.0 —1.77 to 2.32 0.858

44,47,51,53,63

6 2,7,28,30,33,34,39, 0.0 —2.26 to 2.63 0.879

51,55,56,57,58

7 7,19,24,28,34,35,44, 0.0 -2.12 to 2.40 0.870

48,55,56,59,60

8 4,7,9,12,22,24,27,31, 0.0 -2.43 to 1.85 0.843

34,40,41,43,45,47,51,

55,60

9 5,6,17,19,21,24,25,28 0.0 -2.70 to 1.69 0.919

29,32,33,36,40,44,45

55,57,58,60,6

10 4,28,29,30,31,34,40, 0.0 -1.68 to 2.43 0.896

41,42,48,52

11 22,28,29,3l,34,44,47 0.0 —2.69 to 1.62 0.853

49,54,63

12 9,24,25,28,3l,34,40, 0.0 -5.23 to 1.26 0.862

43,47,48,51,54,55,57,

63,67

13 2,4,5,24,31,34,36,39, 0.0 —2.36 to 2.27 0.861

47,48,50,51,54,55,57,

61,63,67

14 5,7,17,24,26,27,32,34 0.0 -1.88 to 2.69 0.824

35,39,44,47,48,51,54,

55,56,57,58,66

15 5,7,12,19,22,24,30,34 0.0 —2.19 to 2.05 0.810

46,55,63,64

I_

*Background Factors are included **SPSS PA2 Option

in B as E1ements B188 through 3202.
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TABLE E.1

MODEL COEFFICIENTS FOR WEEK 1

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEPENDENT VARIABLE, K{1_ Independent

- ’ Variable

Coefficients K0101 K0201 K0301 P K0401 K0501 Acronym

B .062 .046 .025

-31 (.203) (.172) (.127) CLASS

B .001 —.002

‘33 (-.193) (—.284) TRCR

B -.005 —.003 —.003 «.002

-35 (-.993) (—.885) (-.359) (—.430) 09999

B .0002 .0002 .0001 70001

-36 (1.091) (1 129) (.995) (.608) MSUPTS

3. 13 .002

’ (.067) 999003

B_,19 .035

’ (.059) 999009

8 .166

"321 (.189) 999011

B_ 22 -.23V

’ (—.196) 999012

B .099

-324 (.189) 999014

.083

(.268) 999018

999020

999021

-.072

(-.159) 999022

.039

(.117) 999025

999026

—.052

(—.159) 999028

999005

-.025

(-.149) 999009

.045

(.093) 499001

499003

499004

AFF008      
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TABLE E.1

MODEL COEFFICIENTS FOR WEEK 1

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

DEPENDENT VARIABLE, 9'. Independent

’3L Variable

C°effiCientS 90101 90201 90301 ’90401 #90501 Acronym

A_ .111 .119

’69 ,(.232) (.309) AFF009

B -.068

_;f’73 (-.184) AFF013

B__ .056

’77 (-.134) 499017

B__ -.098 -.067

’78 (—.204) (—.218) 499018

B
.086

B -.033 —.203 -.I45

.380 (-.043) (-.241) (-.237) 499020

B .112

".83 (.145) 499023

9_ .054

.86 (.163) 499026

B__ .064

.87 (.127) 499027

B -.033

‘391 (-.078) 499031

9_ .059 0.072 —.043

’94 (.127) (-.174) (-.143) 499034

B -.089

",100 (—.157) 499040

9_ .049

:107 (.118) 499047

B__ .072 .086

,108 (.123) (.134) 499048

8__ .040

,109 (.181) 499001

9_ .017 .059

.116 (.099) (,220) 499008

B__ .039 .047

__g ,123 (.187) (.147) 990004

A_ .023

..,126 (.120) 990007

9_ .070 .052 .059

__g .135 (.174) (.146) (.230) BKG016

9_ .123 .

,137 (.193) 990018

B -.090 -;166

-;138 (-.142) (-.171) 990019

9_. .149 .089 .197

,139 (.267) (.200) (.291) 990020
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TABLE E.1

MODEL COEFFICIENTS FOR WEEK 1

 

DEPENDENT VARIABLE K' Independent

Variable

Coefficients K0101 K0201 K0301 K0401 K0501 Acronym

9

BKGO42

.
1
f
a
g
-
$
3
4
4

.

ONEO32
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TABLE E.1

MODEL COEFFICIENTS 909 WEEK 1

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

__1.

DEPENDENT VARIABLE, 9:; Independent

' Variable

Coefficients K0601 90801 90901 91001 91101 Acronym

8_ -.001

,3 (-.138) TRCR

B__ -. 004

,5 (—.752) CRERN

B_ .0002 .0001

,6 (.869) (.172) ‘MSUPTS

B__ .096 -

,15 (.195) 999005

9 -.112

"316 (-.133) 999006

A_ .097 .137

119 (.152) (.239) 999009

8.. .179 .567

,21 (.120) (.241) 999011

9_ -.440

9,22 (-.215) 999012

B_ —.218

,26 (-.257) 999016

8.. .071 .168

,28 (.136) (.210) PRE018

9. -.509 “T120

,30 (—.344) (.142) PRE020

B
—.112

",32 (—.094) 999022

9. -.133

.34 (—.160) 999024

9_ .100

___ ,35 (.184) 999025

9_ -.088

,36 (—.114) PRE026

6_ :i116

,38 (—.146) PRE028

9_ :023

__f ,45 (.232) PRETOT

9_ .044

- gg47 (.177) 999002

A_ -.041

__. ,48 (-.152) 999003

'B__ -.143’ -7034 .

,50 (—.314) (-.130) 999005

B — . 0419

",51 (—.163) 999006

B;_ i
.551

,57 (.192) 999012
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TABLE E.1

MODEL COEFFICIENTS FOR 9999 1

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

V

DEPENDENT VARIABLE, 9'. Independent

4L Variable

Coefficients K0601 K0801 K0901 ' K1001 K1101 Acronym

3_. .122 "ETUST

,61 (.151) (-.110) 499001

9__ -:040*

,63 (-.092) 499003

A; .078

.64 (.168) 499004

9_ —.078

,65 (-.150) 499005

3 .060 .090

",67 (.127) (.179) 499007

9_ .074

.68 (.130) 499008

6__ -.090

,78 (-.109) 499018

9 -.155

‘,80 (-.165) 499020

9_ .048

,91 (.102) 499031

A. .108 .079

-92 (.185) (.129) 499032

B__ —.105 -.107 ,

.94 (-.207) (-.232) 499034

B_ —.119

.95 (-.146) 499035

9_ .179 .288

,96 (.159) (.162) 499036

9. .100

,98 (.195) 499038

8_ —.112 -.338 -.133

,100 (-.116) (-.222) (-.153) 499040

5.. -.102 -.074

.107 (-.144) (-.115) 499047

E. .139 .088

_1— ,108 9(.116) _(.123) AFF048

B__ .106

,116 (.236) AFR008

A. .053

_g, ,117 (.188) 499009

d_ .030 .

,121 (.103) 990002

A_ .066 .066 .070

.123 (.198) (.187)_ (.130) 990004

9_ I .080 -.040

,126 (.256) (-.136) 990007
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TABLE E.1

MODEL COEFFICIENTS FOR WEEK 1

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

DEPENDENT VARIABLE, 9'. Independent

I:i— Variable

Coefficients K0601 K0801 K0901 K1001 K1101 Acronym

A.
.098

,128 (—.169) 990009

B_ -.028

,134 (-.120) 990015

B__ .128 .061

,135 (.193) (.154) 990016

B -.143 -.262

‘;138 (-.141) (4.161) 990019

B__ .194 .218 .267 .118

,139 (.273) (.290) (.234) (.174) 990020

3.. -.054

,144 (-.116) 990025

E. —.052

,150 (.234) 990031

B_ -.082

_,152 (-.135) 990033

9_ .449 .744

,156 (.257) (.269) _ 990037

IA_ .031 .037

,161 (.125) (.094) 990042

9_ -.053 -.075

,166 (—.209) (-.280) 990047

B .065

",169 (.152) 990050

8_ -.083 -.027

,171 (-.178) (-.102) 990052

9_ -.048

.183 (:.194) 990064

8_ —.066

,188 (-.251) BKFOOI

A_ .033 .076

.191 (.123) (.175) 999004

B__ -.392

.196 (-.092) 999009

9. —.104 .075 -.143

.198 (-.358) (.170) (-.311) 999011

'9_ -.064

__ ,205 (-.174) 999392

9_ .001

,208 , (.136) - 91

A. .002

.209 (.129) NS

8.. .003

,217 (.077) MSUR
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TABLE E.1

MODEL COEFFICIENTS FOR WEEK 1

 

'I
 

 
 

 

 

 

 

 

 

 

 

 

DEPENDENT VARIABLE, 9'. Independent

’ 4' Variable

Coefficients 90601 90801 90901 P 91001 ¥ 91101 Acronym

A__ .242 .389

. 1 (. 289) (. 289) LECOOl

4__ .255 .663

,13 (.106) (.171) SAS002

K__ .152

,32 (.063) LTP001

9_ -.041 -.107

,70 (—.115) (-.190) 099031

)L_ . .040

,71 (.139) 099032

9_ .086

.8 (.096) 90800

u__ .199

,9 (.108) 91000

IL_ .027

,23 (.020) 92300

IL. .166

,27 (.163) 92700

*7£_ .184 -.204

,32 (.115) (—.122) 93200

 

 

 

 

 

 

 

 

 

 

 

       
 





 

TABLE E.1

MODEL COEFFICIENTS FOR WEEK 1

 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

i:_

_—

' DEPENDENT VARIABLE, 9'. Independent

4' Variable

Coefficients K1201 I Acronym

__—

fl. .0004

,8 (.160) GPA

B_ . 108

,19 (.158) PRE009

B .285

‘321 (.178) PRE011

B__ .121

,28 (.213) PRE018

B___ -o 047

,49 (-.178) PRF004

Q. -.063

e51 {-.212) PRF006,

Q. .036

,57 (.104) PRF012

Q. .123

,71 (.224) AFF011

B . 093

‘173 (.175) AFF014

AFF029

AFF038

AFFO47

AFR008

890016

890020

890034

890042

_890052

BKG053

890064

BKFOll

BKF012      
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TABLE E.1

MODEL COEFFICIENTS FOR WEEK 1

DEPENDENT VARIABLE, 9'. Independent

0 ‘5'— Variable

Coefficients K1201 F ’ Acronym

§_ .035

 

  

 

 

 

 

 

.202 (.107) BKF015

d. -.020

(.205 {-.077) PRBSBZ

B__ -.001

.209 (-.130) ' NS

6. .001 .

,210 (.084) TF

1__ .120

,1 (.126) LECOOI

u_ . 068

-8 (.1121 K0800
   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

       
   





Q
Q
Q
Q
‘
Q

\
O
C
D
N
O
‘
U
l
-
L
‘
U
J
N
‘
H

Q

010

Q H .
.
.
.
-

012

013

014

015

016

017

018

019

020

021

022

023

024

025

026

u 027

-028

4 029

030

031

032

033

-0.

.0095

.0331

.2110

.5500

.3237

2697

.1059

.3810

0.4617

0.2390

301

TABLE E.1

Model Constants

Week-1

034

035

036

037

038

039

040

041

042

043

044
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TABLE 8.2

MODEL COEFFICIENTS FOR WEEK 2

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

DEPENDENT VARIABLE, 9'. Independent

L Variable

Coefficients K0802 K0902 K1002 K1402 Acronym

8_ -.137 -.256

,18 (-.093) (—.116) 898008

8_ .093 .194 .366

,21 (.089) (.115) (.145) 898011

$_ -.120 —.239

774 (-.185) -.246) 898014

8.. -.080

,25 (-.099) 898015

5— .040

.27 (.109) 898017

B_, -.035

.33 (—.O83) 898023

B_ . 022

, 34 (. 057) PRE024

8_ -.035 -.041 .

,39 (—.085) (-.082) 898029

9. -.042 —.030

,43 (-.111) (-.067) 898033

-.121 -.117

(-.306) (-.143) AFF003

.221

(.257) AFF007

.053

(.124) AFFOO9

.156

(.175)1 AFF010

—.104

(—.196) AFF019

.193

(.132) AFF021

.344

(.195) AFF023

-.062

{-.087) AFF025

.084

(.185) AFF027

—.037

(—.088 AFF028

-.034

(-..081) ' AFF044

AFFO45

.045

(.197) AFROOl      
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TABLE E.2

MODEL COEFFICIENTS 809 WEEK 2

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

-r

DEPENDENT VARIABLE, 9'. Independent

‘11 Variable

Coefficients K0802 K0902 Acronym

B .029

‘3136 (.111) 890017

9_ ~ .056

.137 (.098) 890018

B_ .072 .140

,149 (.213) (.275) 890030

&_ -.043 -.063

,153 (-.179) (-.221) 890034

B_. -.027 -.O46

.158 (-.Q79) (-.113) 890039

B__ —.035 -.068

.183 _1-1110) {—.141) 890064

9. -.029 -.067

,198 (-.087) (-.136) BKFOll

,A__ .141

,15 (.156) SASOO4

. A_ -.053 -.135

__‘ ,54 (-.083) (-.179) TC3

p__ .136

,1 (.152) 90101

u__ .118

.4 (.100) K0401

u__ .481

~ .8 4(.689) 90801

11- . 452

-9 (.604) _90901

“_. .079 .257 .159

.10 (.109) (.49211_ (.148) K1001

H. .051 .219 .416

,11 ((.946) (.175) (.221) 91101

u__ -.064 -.097 -.219

.12 {-.098) {—.092) {—.138) 91201
 

 

 

 

 

       
  
 

  





{
2

o
a

a
a

Q
Q
.

Q
p
-

0.3068

0.0122

0.6047

-0.0236
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TABLE E.2

Model Constants

Week-2

034

035

036

037

038

039

040

041

042

043

044
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TABLE E.3

MODEL COEFFICIENTS FOR WEEK 3

 

DEPENDENT VARIABLE , 9' Independent

I Variable

Coefficients K0303 K0803 K0903 K1403 K1503 Acronym

18 —.043 . PRE008

PRE010

-.034 -.080 —.115

~ — 1 — 130 PRE013

PRE012

.119

PRF015

AFFOOl

AFFOO7
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TABLE E.3

MODEL COEFFICIENTS FOR WEEK 3

 

  
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 

       

DEPENDENT VARIABLE, 9'. Independent

4L., Variable

Coefficients K0303 K0803 I K0903 ’ K1403 ‘ K1503 Acronym

B__ .351.

.105 (.222). AFFO45

9_ «.117:

__ .117 6.280) 989009

9— «.099
-123 (4.2001_, 890004

B__ -.039 ‘

.124 {-.129) 890005

'73. «.055

.130 (9.170) 890011

B__ -.034 -.076 -.120

.131 {-.057) (-.100) {-.101) 890012

B__ .110

__ ,139 (.104) 890020

B__ .022 .093 .093

,148 (.045) (.149) (.096) 890029

B__ .036

,155 (.080) 890036

B__ —.014

,177 (—.O73) 890058

e -.O33

”3178 (—.121) 890059

8_ —.011 -.038

,182 (-.033) (-.088) 890063

9. -i043

,195 (—.167) 898008

8_ .010 .050

___ ,197 (.050) (.127) BKFOlO

B —.024 -.016

__;_,198 (—.096) (-.060) 898011

B__ -.029

,200 (:.115) BKF013

A -.064 -.219

_“‘,13 (:.036) (—.061) SASOOZ

_A -.053 -.193

7,55 (-.086) (-.200) TC4

- A__ —.104

_ ,70 (-. 208) ONEO31

1__ .016 .

____,77 (.061) TRE032

—.067

.1:.199) TRE033

.020

(.215) 02_
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TABLE E . 3

MODEL COEFFICIENTS FOR WEEK 3

DEPENDENT VARIABLE, K'-

 

 

1 Independent

 

 

 

 

 

 

 

 

 

 

‘47 Variable

Coefficients 90303 90803 90903 I 91403 91503 Acronym
__

u__ .126 .085

.1 (.133) (.086) 90102

n. .253

___ ,2 (.216) 90202

9. .592 .062 .272

,3 (.551) (.055) (.157) 90302

u__ . -.158

,5 (-.102) 90502

u__ .945 .426

,8 (.938) (.211) 90802

n_. .045 .403

.9 (.058) (.505) 90902

u__ -.173

,12 (—.133) .91202

UL. .019 .109 .615

,14 (.046) (.204) (.743) 91402

u__ .086

,27 (.092) 92702

u__ —.132

1,29 (—.130) 92902
 

 

 

 

 

 

 

 

 

 

 

       
 

  

 

 





 

308.

TABLE E.3

MODEL COEFFICIENTS FOR WEEK13

DEPENDENT VARIABLE, K1;

 

 

Independent

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable

Coefficients K1603 K1803 Acronym

3 -. 099

",20 (—.126) 898010

e - 314

",21 (-.134) PRE011

B .126

‘,61 (.150) AFFOOI

9_ -.158

, 64 (-.196) AFF004

9_ 122*

,69 (. 150) AFF009

B_ .258

,76 ( 308) AFF016

8_ .288 - 315

,81 (.108) (-.114) A88021

s__ 110

,86 (.125) AFF026

B__ .153 '

,97 (.192) A88037

‘71_ -.139

,102 (- 125) AFFO42

d. -.151

,104 (-.196) AFF044

9. .090

,151 (.179) 890032

8_ —.044

,163 (-.110) BKGO44

8_ .105

___ ,174 (.237) BKGOSS

8_ -.127

898005

LECOOl

LEC002

SASOOZ

LT8003

T05

01912032

       TW0031

  
 

  





 

 

309 -

TABLE E.3

MODEL COEFFICIENTS FOR WEEK 3

 

 

 

   

 

 

 

 

 

 

-:

DEPENDENT VARIABLE, 9' Independent

Variable

Coefficients K1603 K1803 Acronym

A_ .130 _1—

:76 (.199) TRE031

8.. .246

,100 (.218) Q1

1__ .018

,101 (.181) Q2

14.. -. 544

,2 (-.257) 90202

9. .908

,4 (.340) 90402

“—- -.198

.12 (-.136) 91202

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       
  
 

  

 



 

 

 



-0.0776

0.1471

0.5022

0.6422

0.7196

-0.9258

1.1521
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TABLE E.3

Model Constants

Week-3

034

035

036

037

038

039

040

041

042

043

044
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TABLE E.4

MODEL COEFFICIENTS FOR WEEK 4

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

_.

DEPENDENT VARIABLE, 9'. Independent

944* Variable

Coefficients K0304 K0404 K0504 K0904 K1604 Acronym

9. .027’ .035 .037

,15 (.090) (.083) (.086) PRE005

B__ -.O68 -.067

____,16 (-.100) (-.091) PRE006

3:. -.045 -.041 —.Q67 -.058 -.143

,23 (-.093) (7.110) ,(—.133) (7.111) (- 212) 898013

B__ -.116

,24 (—.253) 898014

8.. -.087

,28 (-.154) PRE018

I9. —.070

,29 (;.123) 898019

9. -.035 -.O35

,37 (-.113) (-.780) PRE027

d. .035

,46 (.118) 898001

8.. -.038

,50 (-.164) 898005

5_ —.020

A .52 (-.092) PRFOO7

d. -.161

.90 (-.103) AFFO30

B__ -.050

,94 (-.091) AFF034

9. .023 .020 .030 .075

_.__.98 (.053). (.059) (.064) (.122) AFF038

.. -.029 ~

___.,123 (—.O76) 890004

8.. .127

__, ,128 (.261) BKG009

9. .081 .072 .193 .097

,138 (.098) (.113) (.224) (.109) BKGOl9

@— .058

A .147 (.082) BKGOZB

8_ .009 .013 .024 .010

« .168 .1.048) (.085) (.120) (.050). ,EKGO49

3.. .018 .018 .040 .022

_ 4191 L081) 1. 104) (.174) (.093) 898004

l__ .036 .

,35 (.032) LTP004

A. -.038

-46 (2.094 POZ004.

. A. -.017 -.027 -.026 -.026

.59 ‘ (-.056) (—.116)_ (-.085) (7.082) TC8      
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TABLE E.4

MODEL COEFFICIENTS FOR 9889 4

 

DEPENDENT VARIABLE, 9{1_ Independent

 

  

 

 

 

 

 

 

 

 

 

 

 

Variable

Coefficients K0304 K0404 ’ K0504 ’ K0904 ’ K1604 . Acronym

1__ .007 .007 .023

,72 (.040) (.051) (.125) ONE033

A__ .012 .023

,80 (.046) ' (.071) 809032

A__ .009 .012 .016 .012

.81 (.049) 1.080). .1.084). (.057) FOR033

n_ .793 .

,3 (.898) 90303

u__ .027 .805

34 (. 046) (. 804) K0403

u__ .450

.5 (.502) 90503

p__ -.074

' ,6 (-.065) 90603

11.. . 784

.9 .856) 90903

It. .101

,12 (.101) 91203

“—- .074

.15 (-096) 91503

“—- .027 .028 .133 .034 .520

.16 (.053) (.071) (.250) (.061) .730) 91603

n__ .050 .040 .042 .047

.18 (.103) (.106) (.083) (.089) 91803

1L .025

 

K2303
 

 

 

 

 

 

 

 

       
  
 

  



 

 

 

 



'
9

9
9
9
9
9
9
9
9

k
o
m
N
O
U
I
-
b
W
N
-
H

010

011

012

013

014

015

016

017

018

019

020

021

 

-0.0471

-0.0043

-0.0735

-0.0201

0.3653
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TABLE E.4

Model Constants

Week-4

 
 

034

035

036

037

038

039

840

041

042

043

044
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TABLE E.5

MODEL COEFFICIENTS FOR 9889 5

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

DEpENDENT VARIABLE, Kfli 1 Independent

Variable

Coefficients 90805 90905 91005 91405 91505 Acronym

B__ -.016 -.052

,14 (-.045) (—.114) 898004

9. -.004

.28 _Lr.011) 898018

9. -.005

.34 1:.013) 898024

B__ -.088

,39 {-.151) PRE029

B__ .041 .101 .094

.41 _)(.O94) (.198) (.157) 898031

B__ -.015 -.O31

-66 (—.039) .1+.O63) AFF006

B__ .041 .094

,68 (.088) (.145) A88008

9. .006

,69 (.016) AFFOO9

9. -.041

,76 {-.081): AFF016

9.. -.O85

,77 (—.133) A88017

9. .027 .062

,78 (.063) (.105) A88018

9. .076

,91 (.128) AFFO31

3.. .020

__ ,,92 (.050) AFF032

8.. .033

,93 (.048) A88033

9. -.056 —.080

,98 (-.118) (-.124) AFFO38

__ .028

.103 (.034) A88043

B_ -.039

_,, ,116 (-.136) AFR008

8.. .008

,130 11.055) 890011

890012

-.113

{-.144) ‘890018

-.028

(-.084) 890033

890056
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TABLE E.5

MODEL COEFFICIENTS 809 9889 5

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-:

DEPENDENT VARIABLE, 9f1___ Independent

Variable

Coefficients 90805 90905 ,91005 .91405 91505. Acronym

B —.001 1""""'1"""

‘3177 (—.009) 890058

9. .094

.181 (,194) 890062

5; .004

.188 (.021) 898001

B__ -.003

,194 (-.016) BKF007

3.. .018

.199 (.063) 898012

.A__ .011

,3 (.024) LEC003

A__ .029 .055

,5 (.061) (.085) . L80005

")__ .028 .059 .054

,20 (.054) (.089) (.069) SASOO9

_A__ -.075

‘ ,60 (-.080) T09

A__ —.001

.103 (—.013) Q4

—.134 -.284

(r.121) (—.186)_ 90204

.144 .465

(.134) (.314) 90304

90504

90604

90804

-.185

(e.135) 90904

.789

(.787) 91004

.144

(.135) 91104

-.045 .498 -.090

(-.076) (.727) (-.111) 91404

—.O47 -.054 .456 .

(-.080) (:.079) (.564) 91504

.130

(.145) 91604

91804      
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TABLE E.5

MODEL COEFFICIENTS FOR WEEK 5

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

-;

DEPENDENT VARIABLE, 9'. Independent

. .; Variable

Coeffic1ents K1905 K2005 Acronym

5. -.117

..14 (e.218) 898004

5. .101

.19 (.133) PRE009

8.. .138

.31 (.215) 898021

9. —.166

.36 {-.171) 898026

8.. .071

.38 (.113) 898028

9. -.105

.62 (-.154) A88002

8.. -.075

,66 (-.132) A88006

*3— .062

.68 (.111) A88008

IIi— .066

,78 (.129) A88018

8.. .124

-89 (.198) AFF029

8.. -.198

.90 (-.115) AFF030

9. .070

,92 (.116) A88032

B_, -.088

.98 (-.159) AFFO38

9. .131

__4 ,100 (.113) A8804O

B__ .062

,111 (.173) AFROO3

B__ .056

.125 (.140) BKGOO6

B__ .043

._; 3130 (.192) BKG011

9. -.O7O

- ,152 (-.180) 890033

9. .122

_., .153 (.295) BKG034

d_ -.031 .

,175 (-.127) 890056

‘73.. .081

.188 (.250)
BKFOOl

d. .056

.189 (.174) 898002

 



 

 

 



 

MODEL COEFFICIENTS FOR WEEK 5

317

TABLE E . 5

 

 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

‘?

DEPENDENT VARIABLE, 9'. Independent

3; Variable

Coefficients K1905 K2005 Acronym

d. —.038—‘

,192 (-.109) 898005

A_, .064

,3 (.095) LEC003

L .056

,5 (.101) L80005

A_. .126

,20 (.162) SASOO9

7k. -.111

.21 (-.094) SASOlO

A_, -.067

,58 (-.145) T07

A_, .016 .012

.103 (.175) (.152) q4

u .213

~L3 (.161) 90304

n. .266

__ 95 (.178)
K0504

n. -.239

,6 (-.232) 90604

“_. .276

28 (~199) 90804

B— -.251

5 9 (- . 214) K0904

B— -.113 -.O68

..15 {-.133)_ (-.0981. 91504

7“; -.179

,19 (-.147) 91904

 

 

       
 

 

  



 

 

 



 

{
2

0.1129

0.1644

0.1326

0.1593

0.1483

0.2497

0.5722
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TABLE E.5

Model Constants

Week-5

 

034

035

036

037

038

039

040

041

042

043

044

  



 

 

 



 

 

TABLE E.6

MODEL COEFFICIENTS 809 9889 6

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

F

DEPENDENT VARIABLE, 9'. Independent

9—— Variable

Coefficients K0106 K0406 K0606 P K2206 Acronym

B_ -. 047

,33 (-.101) 898023

B -.035

__;—,64 (-.088) A88004

8_ .017 .086

.68 (.039) (.135) A88008

3__ -. 031

.75 (-.O64) A88015

8_ -.016 -.077

.84 (-.O41) (-.138) A88024

8_ —.023 -.110

.87 (-.055) {-.179) A88027

8_ —.024

.91 (-.077) AFFO31

B__ -.021

.95 (-.039) A88035

B_ -. 017

.110 {-.086) A89002

IL. .013 .064

.119 (.055) (.185) A89011

Id. .019

.121 (.098) 890002

B__ .068

.138 (.108) 890019

B__ —.022 -.110

,144 (—.058) (-.198) 890025

8_ .019 .098

.145 (.046) (.163) 890026

9. .030 .147

.148 (.056) . (.190) 890029

3.. .008

_.165 (.061) 890046

8.. .018 .089

.4 .189 (.087) (.293) 898002

8., -.020

- .201 (-.087) 898014

A__ .023 .115

__ ,22 (.033) (.112) SASOll

A. .081

,23 (.110) SASOlZ

9_ -.016 -.077

.47 (-.043) (-.139) 892005

1__ .013

,81 (. 069) FOR033 
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TABLE E.6

MODEL COEFFICIENTS FOR WEEK 6

 

 

 
 

 

 

 

 

 

 

 

 

 

 

DEPENDENT VARIABLE, 9'. Independent

iL— Variable

Coefficients 90106 90406 90606 92206 Acronym

7E; .005

,101 (.138) Q2

A__ .003

.104 (.055) 05

n. .810

.1. (.927), 90105

8.. .896

,4 (.907) 90405

p_. .786

-6 _(.962) 90605

u__ .022 .110

.12 (.032) (.105) 91205

u__ -.050 .057

_,14 (-.O83) (.071) 91405

u__ .060 .299

,15 (.089) (.304) 91505

8.. -.025 -.O37 -.025 —.115

.16 (—.035) (-.069) (-.035) {-.110) 91605

.019

(.039) 91805

.023

(.048) 91905

 

 

 

 

 

 

 

 

 

 

       
  

  



 

 

 



°
9

9
9
9
9
9
9
9
9

t
o
m
‘
J
O
‘
U
l
-
w
a
D
-
I

0.4817
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TABLE E.6

Model Constants

Week-6

034

035

036

037

038

039

040

041

042

043

044
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TABLE E.7

MODEL COEFFICIENTS FOR WEEK 7

 

DEPENDENT VARIABLE, K'o

 

 

I Independent

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

‘“9— Variable

Coefficients 90407 91607 92307 92407 Acronym

B —.

‘317 (-.198) 898007

B__ .020 .163

.20 (.069) (.313) 898010

Iii .044

.24 (.102) . 898014

8__ .136

.31 (.253) 898021

9. -.192

.42 (-.188) 898032

9. .092

_.46 (.195) 898001

B__ -.027

.60 (—.112) 898015

9. -.022

.64 (-.056) A88004

8_, -.O93

.67 (-.184) A88007

B .029

__.—.76 (.071) A88016

9. —.056 .260

.83 (-.071) (.147) A88023

B__ -.030

,86 (-.071) A88026

9. .206

,93 (.198) AFFO33

d. ‘ -.025 . —.240

,108 (-.059) (-.3O3) A88048

d. -.007 - 058

.125 (—.039) (-.173) 890006

8., .009

.167 (.046) 890048

__ -.167

... .184 (-.250) 890065

9_ —.015

.189 (-.073) 898002

‘B__ —.093

__ .197 (—.196) 898010

8__ -.108

,_,201 (-.209) - 898014

L -.114

.6 (-.119) LEC006

I_. .015

.23 (.021) SASO12
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TABLE E.7

MODEL COEFFICIENTS 809 9889 7

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEPENDENT VARIABLE, 9'. Independent

+ 1 Variable

Coefficients 90407 91607 92307 92407 Acronym

.. .095

_,24 (.109) SASOI3

__ -.O41 -.294 -.454

.38 (-.050) (-.197). (-.179) LTP007

__ * .066

__ -.008 -.O73

,65 (-.025) (-.121) T014

__
.020

.102 (.215)_ 03

__ .040 .200

.2 31-055) (.148) 90206

_. -.058

.3 (-.058) 90306

__ .880

.4 (.932) 90406

.. .026 .351

.6 (.036) (.271) 90606

_ . 407

,8 (.156) 90806

._ .102

.9 (.095) 90906

__ .110 -.474

.10 (.120) (-.230) 91006

_ . 433

.15 (.289) 91506

_. .628

.16 (.887) 91606

_. —.012 -.173

,19 (-.026) (-.206) 91906

 

 

 

 

 

 

       
 



 

 

 



9
9

\
D
m
N
C
h
U
-
L
‘
U
J
N
‘
H

9
9

9
9

9

010

011

012

013

014

015

016

017

018

019

020

021

022

023

024

025

026

-.027

1 -028

9,029

030

031

032

033

0.0836

0.1164

0.7302

0.2944
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TABLE E.7

Model Constants

Week—7

034

035

036

037

038

039

040

041

042

043

044
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TABLE E.8

MODEL COEFFICIENTS FOR WEEK 9

L

DEPENDENT VARIABLE, Kl;

 

 

Independent

Variable

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       
 

Coefficients K0308 K0508 K0808 K0908 K1 508 Acronym

8. -.025

-20 (-.065 PRE010

3.. —.063 -.052 —.178

.25 (-.O69) (-.076) (-.160) PRE015

B :018

_.27 (.054) 898017

9. -.024 .

.66 (-.O55) A88006

9. .022

,69 (.072) A88009

B__ -.070

.90 (-.065) A88030

8.. .054 .102

.93 (.067)_ (.103) A88033

III. .052 .050 .114

.106 .(.069) (.088) (.124) A88046

8.. .050 .043 .078

.107 (.091) (.102) . (.115) A88047

8__ .042

.146 (.096) 890027

B__ —.033

.148 (-.074) 890029

8.. -.012

.151 (-.056) 890032

3.. .029

__ .154 (.100) 890035

8.. .019

,161 (.100) 890042

771— —.020

.167 (-.101) 890048

'7{; —.010

.175 (:.059) 890056

8.. .008

..g .177 (.057) 890058

9. .037

~ .179 (.117) 890060

. 9. -.008

__ _.183 (-.052) BKGO64

B__ .015 .027 .

.197 (.089) (.102) 898010

A__ —.077

.24 (—.071) SAS013

1.. .037

___ ,28 (.068) SASOl7
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TABLE E.8

MODEL COEFFICIENTS FOR. WEEK 9

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEPENDENT VARIABLE. 9'. Independent

‘1 Variable

Coefficients K0308 K0508 K0808 K0908 K1508 Acronym

A_ .255

.40 (.148) LT8009

A_ .028

.49 (.075) PQZ007

A_ -.004

. 101 L. 0710 42

A__ -.009

.102 (-.169) Q3

u__ .055 .252

.2 (.055) (.196) 90207

n. .993 .137 .349

.3 (.984) (.178) (.281) 90307

u__ —.095 .827 -.O76 -.331

.5 (-.098) (.891) (—.102) (—.278) 90507

11_ .080 .889 .077

_.8 _(.067) (.895) (.085) 90807

.715

(.859) 90907

-.037 .141

(—.056) (.133) 91107

.062

(.070) 91207

-.045 —.O36 -.114

(-.058) (-.059) (-.115) 91407

.037 .583

(.065) (.694) 91507

.064

(.066) 91607

—.046

(-.122) 91807

.055

.(-089) 91907
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TABLE E.8

MODEL COEFFICIENTS FOR WEEK 9

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEPENDENT VARIABLE, 911_ Independent
Variable

Coefficients K1608 K1908 K2308 K2508 K2608 Acronym

B__ -.023

.15 (—.050) 898005

B_ . 088

4,18 (.077) 898008

8_ .117

,_19 (. 1g) PRE009

8_ -.115

.25 (-.136) PRE015

8., -.134

.34 (-.137) 898024

B -.070

".35 .(-.258) 898025

8 .037

",43 (.143) PRE033

B__ .031

.44 (.055) PREO34

8_ .019

,48 (.135) PRF003

B_ -.096

.66 (-.154) A88006

B__ -.024 .111

.71 (-.101) (.121) AFFOll

B__ .033 -.037

,72 (.076) (—.158) AFF012

9. .069

,74 (.267) A88014

B__ —.121

___,,85 (—.133) A88025

B_ - . 048 -. 105

.92 (-.165) (-.160) AFF032

8_ .099 .416

,93 (.131) (.224) AFF033

B__ .098 .321

A;, .106 (.139) (.186) AFF046

B_ .086 . 285

, .107 (.167) (.226) A88047

B__ .015 .084

... .111 (.069) (.159) AFR003

B_ -. 022

.113 (-.155) AFROOS

8_ —.041

,116 (-.292) AFR008

8_ .019

.119 (.070) AFR011      
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TABLE E.8

MODEL COEFFICIENTS FOR WEEK 9

DEPENDENT VARIABLE, K'o
.1

Independent

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

Variable

Coefficients 91608 91908 92308 92508 92608 Acronym

B .046

".126 (.297) 890007

8.. .079

___ -138, (.155) BKG019

8_ .074

-154 (.138) 890035

B__ -.016

.183 (-.O64) 890064

B__ .075

.193 (.250) 898006

9. .016

.195 (.061) 898008

B__ .015 .067

.197 (.075) (.136) 898010

8.. .024

-200 (.174) BKF013

x -.080

—}6 (-.134) LEC006

A__ -.044

.9 (—.185) LEC009

A__ -.077

.25 (—.083) SASOl4

A__ -.204

,27 (-.241) SAS016

3.. .085 .178

_- -28 (.105) (.182) SASOl7

1.. .227

.40 (.118) LTPOO9

A_ -.027 —.O95

.67 (-.O76) (-.110) TC16

1.. -.013 —.015

.702 ,(.-069) (i-140) NINO33

A_. .012

... .106 (-181) .99

n. .237 .133 .970

.3 ,(.251) (.217) (.418) 90307

' 8.. —.177 .245 «.649

.. ..5 (2.195) -(.l84) .(«.291) 90507

n. .114 .556

.8 ,(.103) (.203) 90807

“_. —.355

,9 (:-237) .90907

“_. -.063 ‘ -.063 .295

.11 .(:.064 .(:.120) (.250) 91107
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TABLE E.8

MODEL COEFFICIENTS FOR WEEK 9

DEPENDENT VARIABLE. 9'.1 Independent

 

 

Variable

 

 

 

 

 

 

 

 

 

Coefficients 91608 91908 92308 92508 92608 Acronym

u__ -.237

.12 (-.143) 91207

n__ —.066 -.128 -.280

___-.14 (-.087) (-.261) (—.151) 91407

u__ .074 .184

-15 (.178) (.197) 91507

IL. .745

.16 (.782) 91607

8.. - 071 —.030 .046 —.301

.18 (—.154) (—.053) (.152) (—.266) 91807

8.. .683

.19 (.925) 91907

9_ .048

.20 (.053) 92007

u__ .094

.22 (.099) 92207

8.. .081

.23 (.171) 92307
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TABLE E.8

MODEL COEFFICIENTS FOR 9889 9

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEPENDENT VARIABLE, 9'. Independent

. *;—— Variable

Coefficients 92708 92808 92908 I 93008 I 93108 Acronym

9.. .057

__.hlL (.104) PREOOZ

9. .152

.13 (.252) 898003

9. .135 .212

.19 (.252) _(.313) PRE009

B__ .076

.27 (.138) PRE017

IL_ -.124

.30 (-.157) 898020

9. -.064

.33 (-.100) PRE023

9. -.143

.61 (-.142) A88001

8.. -.241

.68 (-.224) A88008

9. -.116

.72 (-.208) A88012

.271

(.255) A88017

.249

(.259) AFF028

.094

(.097) A88034

.247

(.136) A88040

—.176

(-.140) A88041

-.073

(—.087) A88048

890014

.042

(.090) 890016

-.100

(-.159) 890032

-.161

(:.214) .BECOBB

-.065 .

(—.097) 890038

.110

.175) BKG060

BKGO65      
  
 

  



 

 

 



 

  

331

TABLE E.8

MODEL COEFFICIENTS FOR 9889 9

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEPENDENT VARIABLE, 9'. Independent

71. Variable

Coefficients 92708 92808 92908 93008 93108 Acronym

"7{_ .042 -.038 .087

.194 (.132) (—.126) (.160) 898007

B__ .053

.196 (.232) 898009

9. -.055

.202 (:.212) 898015

A_ -.152 —.114

.6 (-.144) («.108) LEC006

'I_ «.105

.7 (-.183)' LEC007

A -.419

“,25 (-.212) SASO14

A .064 .112

".27 (.096) (.133) SASOl6

A__ -.169

____.28 (—.O98) SASOl7

A__ -.204 -.540

.38 (-.163) (—.343) LT8007

A .448 .360

‘;40 (.294) (.188) LT8009

A -.094 .382 -.219

(.395) (-.227) PQZOO9

-.065

(-.121) T013

-.219

(-.193) TC14

-.015

(—.070) SVNO33

919032

-.020

(-.160) 02

.014

(.134) 03

.012

(.140) 05

.022

(.189) 96

90107

-.406

(-.165) 90307

.578

(.169) 90407      
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TABLE E.8

MODEL COEFFICIENTS FOR WEEK 9

DEPENDENT VARIABLE, 9' Independent

 

 
 

 

  
 

 

 

  
 

 

. ‘i ' Variable

9. .634

.5 (.269) 90507

8.. .130

.9 (.087) 90907

“_. .204 -.172 .318

.12 (.196)_ _(—.175) (.182) 91207

u__ -.334

,14 (-.287) ' 91407

“_. -.281

_.16 (-.191) 91607

III; .190 -.162

.18 .(.267) _(:.241) 91807

1(_ -.147 -.211

,19 (—.166) (-.134) 91907

8.. .356 .231 .205 .311

.20 (.412) (.212) (.105) (.161) 92007

8.. .089 .281

(.297) , 92207

 

K2707
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TABLE E.8

MODEL COEFFICIENTS FOR 9889 9

 

 

 

 
 

 

 

 

 

 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

_..

” , . DEPENDENT VARIABLE, 9'; Independent

' Variable

Coefficients K3208 K3308 Acronym

3_ -.135

.20 (-.198) 898010

9. .063

.49 (.300) 898004

9:. -.112

.66 (—.146) - A88006

9. -.101 z

..71 (-.231) A88011

9.. -.336

.90 (—.177) ‘ A88030

3_ -.146

.100 (- 176) AFF040

B__ .033

.143 (.128) 890024

9.. .100

.144 (.235) 890025

B__ .093

.161 (.274) .- BKG042

9.. -.044

A . 165 (-. 222)
1399045

9. -.085

.167 (-.243) BKGO48

3.. -.O49

.198 (—.195) 898011

A .216

._".25 (.157)_ SASOl4

‘ A. -.339

.28 (8.281) SAS017

A. .165

.49 _(.247) PQZOO7

.I_, .049

-89 (.192) SVN032

.K__ -.023

... .101 (-.261 02

.)__ .020

.103 (.193) 04

,. ‘.I_. -.009

‘ _.._.104 (3.134) 05

8__ .298 .327

.2 (.259) (.185) 90207

n_ .287

.5 (.268) 90507

u__ -.172

___ .9 (-.143) 90907      
   
 



 

 

 



 

 
MODEL COEFFICIENTS FOR WEEK 9

DEPENDENT VARIABLE, K

TABLE E.8

 

  

Variable

  

 

 

 

 

 

Coefficients K3208 K3308 Acronym

H_ .122

,11 (.122) Bi107

H. .121

,12 (.099) K1207

“— -.259

. 14 {—.190) 91407

“_. .117

,15 (.101) K1507

u.. .237

.16 (. 138) 91607

“.— .254

419 12231) 91907
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          

Independent
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TABLEiEB

Model Constants

Week-9

a 1 034

6 2 635

‘a 3 0.0082 036

a 4 037

a 5 0.1277 038

a 6 039

a 7 _ 040

a 8 0.0910 : G41

0 9 0.0604 ‘ 642

010 043

all 644

012

013

a14

015 0.0625

016 0.0235

a17

a18

a19 0.1921

020

a21

a22

a23 0.5670

a24

025 0.5010

026 0.2058

’ a27 0.0794

51028 0.8656

.1!” 629 0.0569

a30 0.4013

a31 0.5087

a32 0.9271

a33 0.5583
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TABLE E.9

MODEL COEFFICIENTS FOR WEEK 10

DEPENDENT VARIABLE, K' Independent

Variable

Coefficients 90209 90909 92309 92509 93109 Acronym

 

—

-.119 PREOO6

PRE018

PRE029
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TABLE E.9

MODEL COEFFICIENTS FOR WEEK 10

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

DEPENDENT VARIABLE, 9'. Independent

”7% Variable

Coefficients 90209 90909 92309 92509 93109 Acronym

B ...

",130 (-.148) BKGOll

0_ .009

.143 (.055) 890024

B_ . 054

.145 (. 144) BKG026

Q. -.023

.152 (—.083) 890033

3_ .008

,161 (.069) 890042

8 —.O31

7.163 (—.163) 890044

8 —.O32

‘;164 (-.088) 890045

B_ . 040

___ -168 (.223) 890049

B_ -. 032

,178 (—.090) BKG059

8.. .011

___ .188 (.086) BKFOOl

Q. .027

.191 (.135) 898004

9. .040

,195 (.192) 898008

E. .021 -

,196 (.112) 898009

8.. .070

,199 (.345) 898012

B_. .060

__, ,201 (.173) 898014

. 1_ -.024 —.027

-7 (:I054) (:.104) LECOO7

A__ -.053

_; .10 (-.089) LEC010

A__ .048 .033

. .28 (.075) (.075) SASOl7

A__ -.O31

__ 8.29 (r.053) SAS018

I__ .021

(,30 (.041) SASOl9

I__ .108

.40 (.086)_ LTP009

9_ .215

___ ,41 (.073) LTPOlO

 

 



 

 

 



TABLE E.9

MODEL COEFFICIENTS FOR WEEK 10

DEPENDENT VARIABLE, K'.

‘JL

Independent

 

 

Variable

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

Coefficients 90209 90909 92309 I 92509 t 93109 Acronym

. l_ .023

.350 (.093)’ 802009

1 .016

;_;T.66 (.060) T015

A -.040

"L94 (-.O9o) FINO61

4.. .009

07103 L. 157) 94

l. .010

Inn (029 05

4.. -.005

$107 (—.0951 Q9_

U_. .776 .188

.2 (.829) (.121) 90208

n_ .064

5.3 (.105) 90308

u_. .870

,9 (.949) x 90908

“_. -.055

__.12 (-.O84) 91208

u_. .030 .084

.14 (.054) (.115) 91408

-1(_ .065

,22 (.104) 92208

n. .876

.23 (.876) 92308

H. .069 .024 —.052

____.24 (.170) (.086) (-.077) 92408

8.. .325 .130

___ ,25 (.493) (.120) K2508

“—- -.O39 -.067

126 (-.101) (-.104) 92608

n__ -.152

.IL .27 (-.111) 92708

n_ .069

.28 (.110) 92808

u__ .050

.30 (.135) 93008

u_. .522

.31 (.854) 93108

8.. -.051

.32 (-.O63) 93208
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TABLE E.9

MODEL COEFFICIENTS FOR WEEK 10

 

DEPENDENT K' Independent

. ' Variable

CQeff1c1entS 93209 93409 93509 93609 93709 Acronym

._ .065

—.O70 ‘ -.115

AFF030
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TABLE E.9

MODEL COEFFICIENTS FOR WEEK 10

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

J V

DEPENDENT VARIABLE, 9'. Independent

‘; Variable

Coefficients K3209 K3409 K3509 K3609 K3709 Acronym

&_ -.092

.145 (-.222) 890026

B__ -.O93

___”,162 (-.179) 890043

3.. -.020 -.O35

.163 {-.129) 1:.176) BKG044

0_ .112

,164 (.198) 890045

8.. -.O61 -.049

.167 (-.304) (-.238) 890048

9. .054

.168 .1.285) 890049

_. —.131

,171 (-.248) BKG052

B__ .051

,179 (.265) 890060

B__ -.082

.182 (-.223) 890063

&_ .049

.191 (.227) 898004

6. -.015

,195 (—.O90) BKF008

&_ .020 .048

,199 (.121) (.223) BKF012

B_ '-.-. 039

,200 (—.237) 898013

I. -.056

_fi_ .7 (—.134) LECOO7

A —.054

SASOl6

SAS019

.263

(.286) PQZOO9

-.366

(—.388) PQZOlO

TC18

.047

(.159) FINO61

-.O36

(-.180) FINO62

Q4      
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TABLE E.9

MODEL COEFFICIENTS FOR WEEK 10

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

W

DEPENDENT VARIABLE, 9'1 Independent

’ Variable

Coefficients K3209 K3409 K3509 K3609 K3709 Acronym

1__ .008 .031 .044

,107 (.178) (.203) (.298) Q9

u_. .180

,2 (.234) 90208

u__ —.O99

,5 (-.129) K0508

H_ .496

,8 (.172) K0808

u_. .244

,11 (.123) K1108

u__ .128 -.509

L12 (.240) {-.305) K1208

u__ .135

,14 (.174) K1408

“_. -.174 -.514

,15 (—.291) (-.263) K1508

“_. —.345

,16 (—.140) K1608

“_. .068

__ ,19 (.104) 91908

u__ .100 .374

,20 (.169) (.195) K2008

n. —.088

,25 (—.125) _.., 92508

u__ .067

‘_ ,26 (.155) K2608

u__ -.070

___ ,30 (-.171) 93008

H. .037

__p ,31 {—.171) K3108

F_. .126

,32 (.189) K3208

u~_ .118

,_; ,33 (.202) 93308
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TABLE E.9

MODEL COEFFICIENTS FOR WEEK 10

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

W

DEPENDENT VARIABLE, 9‘. Independent

% Variable

Coefficients 93809 93909 94009 94109 94209 Acronym

9. .039 -.

.11 (.136) (-.224) PRE001

e. .037

3.14 (.121) PREOO4

B__ .164

.19 (.144). PRE009

e. -.059 .167

,35 (-.118) (.184) PRE025

5— .146

,38 (.176) PRE028

B—- .072 ‘

-39 (.137) PRE029

3. .076

,43 (.158) PRE033

&. .164

J 44 ( . 164) PRE034

Q. -.113

,57 (-.316) PRF012

771— .061

.59 (.169) PRF014

8.. -.019

_. ,60 (-.111) PRF015

B_. .087

.62 (.174) A88002

B -.203

AFFOlO

.181

(.210) AFF014

.045

(.132) AFF015

.102

_I.175) A88018

-.131

-.182) A88019

.215 .548

(.222), (.196) AFF021

.062

(.220) AFF028

AFF029

AFF030

—.032 -.067

(-.ll6) {-.118) AFF037      
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TABLE E . 9

MODEL COEFFICIENTS FOR WEEK 10

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEPENDENT VARIABLE, 9:; Independent

Variable

Coefficients 93809 93909 94009 * 94109 ! 94209 Acronym

3.. -.124 '

...104 (-.137)
AFF044

3.. -.152

,108 (-.220) A88048

CE; -.127

-III £-.269) AFROO9

_. .026

,118 (.096) AFROlO

8— .030

.127 (.133) 890008

8— .053

.128 (.159) 890009

B__ —.060

,134 (-.144) 890015

B .020

'_,136 (.101) 890017

.025

(.155) BKG030

890044

.009 ~

(.062) 890049

-.O37

(-.229) 890052

—.O42

(-.145) 890053

BKG059

890060

-.O92

(-.148) 890065

.133

1.312) 898001

.022

(.140) BKF004 ,__

-.019

(—.129) 898009 gfi

BKF013

-.021

(-.125) BEEDI4

.069

(.200) 898015       
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TABLE E.9

MODEL COEFFICIENTS FOR WEEK 10

 

DEPENDENT VARIABLE, K5i__
Independent

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable

Coefficients 93809 93909 94009 ! 94109 4 94209 Acronym

9.. :,078 -.089

,7 (-.165 (:.1461 LECOO7

1;_ —.O93

___,9 (-.165) LEC009

1_ .112 —.065 -.105

,10 (.121) (-.144) (-.128) LECO10

1_ -.247 .094

,27 (-.175) (.105) SAS016

A_ .056 .

,29 (.121) SASOl8

1__ .347 .195

L30 C. 200) 1. 228) SASOl9

1__ .208 .089 .196

,50 (.462) (.315) (.241) PQZOO9

1__ -.198 -.072

,51 (-.429) (-.247) PQZOlO

.1__ .151

,66 (.165) TC15

1__ .059 .058

,69 (.088) ( 174) TC18

1_ .053

,89 (.204) SVN032

_1__ .021

,100 (.253) 01

1_ .029 .011

_,102 (.298) (.366) O3

1_ .005

,107 (.107) Q9

u__ -.108

,1 (—.149) 90108

9.. .151

-2 (.128) 90208

8.. .276

__._,3 (.135) 90308

8.. .304

- ,5 (.202) 90508

u__ -.236

,6 (-.163) 90608

n. .278 -.181

(,12 (.168) (-.353) 91208

u__ —.092

.14 ((3.102)_ 91408

9.. -.219

,18 (-.194) 91808      
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TABLE E.'9

MODEL COEFFICIENTS FOR WEEK 10

DEPENDENT VARIABLE , 9'1i Independent

' Variable

Coefficients K3809 K3909 K4009 K4109 K4209 Acronym

u__ .178

 

 
 

 

 

 

 

 

 

 

 

.19 (.140) 91908

u__ -.144 -.060 .

___ ,24 (-.137) {-.184) 92408

n... -.064 .198

.25 .I-.124) (.187) 92508

H. .121

,28 ' (.086) 92808

8.. .090

,30 (.095) 93008

u__ .086 -.083

,31 (.292) (-.139) K3108

u__ .089 -.255

,32 (.138) (-.195) 93208

n. -.080

,39 (-.175) 93908

n .051

",41 (.081). 94108

n
 __ .115

.42 (.138) 94208
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TABLE E. 9

MODEL COEFFICIENTS FOR WEEK 10

1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEPENDENT VARIABLE, 9‘. Independent

'497 Variable

Coefficients K4309 K4409 Acronym

9. -.141

,35 (-.156) PRE025

B__ .215 -.222

,39 (.226) (-.215) PRE029

3.. .088

.67 (,101) AFFOO7

6. .090

,69 (.101) AFFOO9

Q. -.216

.74 (-.232) AFF014

3.. -.210

.79 (—.191) A88019

8_ .670

,81 (.240) A88021

B_ -.156

,87 (-.179) AFF027

B .100

—,88 (.114) AFF028

A88048

890025

890045

890059

898009

BKF014

LEC010

TC18

FINO61

02

05

K0208

       K1408
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TABLE E.9

MODEL COEFFICIENTS FOR WEEK 10

  

DEPENDENT VARIABLE, 9'. Independent

 

 

 
 

 

 

 

 

 

Variable

Coefficients K4309 K4409 Acronym

n_ .193

,22 (.136) K2208

p__ -.132 .144

,24 (-.142) (.143) K2408

R_ .177

-25 (.119) K2508

u__ -.137 -.186

,26 {-.155) (-.193) K2608

R_ -.193

.27 (-.103)
K2708

“_. .143

.30 (.157) K3008
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TABLE E.9

Model Constants

Weekrlo

034 0.9674

-0.0115
035 1.1872

036 -0.6598

037 0.4990

038 -O.1238

039 0.3961

040 0.2527

041 0.3839

0.0938
042 -0.4269

043 0.4179

044 0.3664

-0.1148

0.3219

0.3012

0.0425
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TABLE E.10

MODEL COEFFICIENTS FOR WEEK - FINAL

 
r

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

DEPENDENT VARIABLE, 911 Independent

Variable

Coefficients 90310 90610 90810 90910 91010 Acronym

B__ .00009

.8 (.071) 08A

9. —.028

.13 (—.091) PRE003

8.. .024

.14 (,057) PRE004

II. .029

,19 (.084) PRE009

9. .049

,22 (.064) PRE012

B__ .020

.27 (.064) PRE017

B .019

'_,35 (.060) PRE025

9. .020 .029 .031

,41 (.051) (.073) (.107) PRE031

B__ -.OO9<

(-.058) PRF006

.022

(.081) AFF007

-.020

(-.O63) A88008

.014

(.051) A88011

-.050

(-.089) AFF033

—.021

(—.O77) A88034

.018

(.053) AFFO38

—.048

(-.O71) AFF043

—.008

(—.050) AFROOS

—.008

(-.052) AFR009

-.010

(:.058) BKG002

.012 .

(.060) 890005

-.031

(—..68) 890012

-.021

(-.085) 890024      
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TABLE E.10

MODEL COEFFICIENTS FOR WEEK - FINAL

 

DEPENDENT VARIABLE, K'i

 

 

Independent

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

Variable

Coefficients K0310 K0610 K0810 K0910 K1010 Acronym

9. .021 .035 -.013

.151 (.085) (.138) (:.O70) 890032

B__ -.019 -.029 -.017

__.,153 (-.O73) (—.110) {—.060) 890034

e. -.020 -.031 -.021

.155 {-.052) (-.080) (-.051) 890036

B .014 .022 .018

‘3167 (.071) (.109) (.084) BKGOdS

B .012

7', 171 (.077) BKGOSZ

B -.O16

"1175 (-.107) BKG056

B .025

_;192 (.159) 898005

f1__ .089

.12 (.0641 SASOOl

A__ .090

,13 (.065): SAsooz

A__ .022

.14 (.038) SASOO3

4.. .071 .102

.15 (.093) (.144) SASOO4

.I-_ .030

,20 (.069) SASOO9

,1__ -.045 —.O69 —.O45 .

,25 (-.057) (—.087) (-.053) SASOl4

A__ .042 .057 -.O42 .042

.28 (.0601, (.082) {—.085) (.056) SASO17

.K__ —.116 —.189

,32 (-.O60) (-.O98) L88001

,1__ -.017

-47 (—.058) 802005

A__ .010

... ,71 (.060). ONEO32

1__ .014

.76 (.059) TRE031

9_ .003 .005 .003

__ ,101 (.066) (.104) (.057) 02

A. .003

,102 (.106) ' 03

n_ .053 .091

.1 (.0531. (.0911 .19u09

90309
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TABLE E.10

MODEL COEFFICIENTS FOR WEEK - FINAL

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

_.

DEPENDENT VARIABLE, 9'. Independent

';1 Variable

Coefficients 90310 K0610 Acronym

9.. .830

-6 (.848) 90609 _. _

9.. .657

_.__.8 _(.721) 90809

n..‘ .776

.9 ‘ LTD) Egg»

9_ .051 .867

, ,10 (.072) (.881) 91009

“_. .075

.14 .1.123) _91409

u__ .063

. -15 (.102) (_91509

u__ .024

,28 (.049) 92809

n__ -.O38 -.O59 —.O45

.29 (-.053 (:.083) -.058) 92909

11.. .016

,36 (.052) 93609

u__ .076

,,40 (.077) 94009

n. -.027

,44 (-.O60) K4409
 

 

 

 

 

 

 

 

 

 

       
 



 

 



TABLE E.10

MODEL COEFFICIENTS FOR WEEK - FINAL

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

       

DEPENDENT VARIABLE, 9'. Independent

4 Variable

Coefficients 91410 91510 91610 91910 92010 Acronym

9. .008

,1 (.043) CLASS

B -.0003 -.0004 —.0007

‘;3 (-.051) (-.O68) (-.116) TRCR

Q. -.001

95 (-. 301) CRERN

9_ .00007

,6 (.389) MSUPTS

B__ —.042

,13 («.083) PREOO3

B__ —.064

,18 (-.058) PRE008

B_ .067

,19 (.118) PREOO9

d. -.O52

,25 (—.051) PRE015

8.. .049

,27 (.119) PRE017

' 5.. -.029

,29 (:.062) PRE019

B__ .049

,31 (.115) 898021

9. .025

,33 (.072) PRE023

__ .041 .047

,35 (.090) (.094) PRE025

E. .024

__.,37 (.076) PRE027

9.. .066

,38 (.143) 898028

9. -.O35 .040

. 40 0.080) (. 086) 898030

8__ -.028 -.O32

’ .42 (—. 059) (—- 061; 5298032

9. -.003

. .45 {-.082) 898808

3.. -.O31

fi, ,51 (:.128) 898006

8__ .037 .

,55 (.158) PRF010

8.. .034

,62 (.068) A88002

8__ .032

.64 (.106) AFFOO4
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TABLE E.10

MODEL COEFFICIENTS FOR WEEK - FINAL

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

DEPENDENT VARIABLE, 9'. Independent

‘9 Variable

Coefficients 91410 91510 91610 ‘ 91910 ‘ 92010 Acronym

g -.038

“,66 (-.074) A88006

9_ .025

,71 (.055) A88011

8 .045

‘373 - (.103) A88013

9. -.O38 -.O39

,74 (-.119) (—.082) AFF014

‘71_ .026 .014 -.055

,76 (.056) (.044) (-.117) A88016

B__ —.030

.27 (—.O63) AFF017.

B_ -.041

,79 (-.074) A88019

B__ -.O32

,83 (-.053) A88023

9. .036 -.O39

,85 (.050) (-.051) A88025

B .026

‘387 (.056) A88027

B__ .021

,89 (.051) AFF029

9. -.O95

.90 (-.O73) A88030

B__ -.O48 -.O72

...93 (e.079) (-.O78) A88033

B__ —.059

.94 (-.131) AFF034

5. .029

,98 (.064) AFFO38

B__ .064

.106 (.077) A88046._

9. .052

.,108 (.073) _A88048

9. —.032

.115 (-.133) .AFROO]

8__ .047

__ .116 (.182) AFR008

B__ -.017

.119 (—.O94) 'AFROll

8.. .018

.124 (.064) 890005.

9. .050

.128 (.092) 890009
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TABLE E.10

MODEL COEFFICIENTS FOR WEEK - FINAL

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

.1

DEPENDENT VARIABLE, 9'. Independent

’7; Variable

Coefficients 91410 91510 91610 ? 91910 ’ 92010 Acronym

B
.072

'_,131 (.097) 890012

B -.014

'_.135 (—.055)- 890016

9. .062

7140 (.0851 890021

3.. .017

.149 (.072) 890030

3.. -.052

.151 (-.174) 890032

B
.014

‘;154 (.054) 890035

B -.026

‘3155 (-.O60) 890036

9. .008

-161 (.055) BKG042

8.. .012

..173 (.050) 890054

8 -.010

(—.058) 890059

BKFOOZ

.008

(.050) BKF003

.019

(.075) BKF004

.040

(.156) 898005

.009

(.056) 898006

-.022

(v.089) BKFOO7

—.O3I

(«.120) BKF008

—.O37

(—.O78) LECOO7

.LECOOS

' LECATD

3980M

SAS004     
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TABLE E.10

MODEL COEFFICIENTS FOR WEEK - FINAL

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

DEPENDENT VARIABLE, 91; Independent

' Variable

Coefficients 91410 91510 91610 91910 92010 Acronym

A .

",20 (.074) SASOO9

. I. .088

,24 (.090) SASOI3

1__ -.121

.32 ,.L—;081) L88001

_1__ -.123

,33 (-.083) L88002

.1__ -.127 _

,38 (-.100) L88OO7

1__ .122

,39 (.096) L88008

A. -.225

,41 (-.103) L88010

A .028 .017

' '142 (.077) (.064) LTpTOT

I. .040

,47 (.138) 802005

4.. .012

.52 (.138) 802808

4.. -.O12

.58 (4.051) 807

I4. -.022

.62 (-.053) 8011

4.. .032

,65 (.066) 8014

4.. .024

,66 (-.O71) 8015

A. -.019

,68 (—.050) 8017

,A__ .082

,70 (.058) ONEO31

A -.014 .03f

‘_4‘j71 (—.O76) (.111) ONEO32

.1__ .015

,76 (.046) TREO31

'A__ -.011

_¥ .90 (-.060) SVNO33

‘A__ -.013

,96 (-.O75) “FINO63

. A. .021 .011 .047

,97 (.072) (.051) (.145) FINO64

IA__ .021

,98 1 (.106) FINO65
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TABLE E.10

MODEL COEFFICIENTS FOR WEEK - FINAL '

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

C: _i

DEPENDENT VARIABLE, 9'; Independent
’ Variable

Coefficients 91410 91510 ' 91610 I 91910 A 92010 Acronym

*—. c.006

. 100 4:08:85) 01

A— .006

.101 ~ (.111); 02

_. .003 ' ‘

,102 (.061) 03

4_ -.004

,106 (-.O89) 07

u --.ll3

'32 (—.l34) K0209

u_ .079

,11 (.081) 91109

11_ .647

,14 (.784) 91409

p__ .121 .789 .044

,15 (.146)_, (.884) (.072) 91509

p__ .080 .681

,16 (.073) (.847) 91609

9.. -.054

.18 {-.095) .91809

n. .056 .801

,19 (.084) (.793) 91909

H_ .669

,20 (.743) K2009

u .149

___;23 (.121) 92309

u__ -.056

.27 (:.053). 92709

u__ .088

,28 (.112) 92809

9.. .065

.31 (.129) 93109.

11.. .034

',36 _1.110) 93609

u__ .138

,,40 (.086) 94009

“_ . 083

_. .42 (.151) 94209
 

 

       
 

 

  



 

 
 



357

TABLE E.10

MODEL COEFFICIENTS FOR WEEK - FINAL

 

DEPENDENT VARIABLE, KL;—

 

 

Independent

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

' Variable

C°effieiente 92210 92310 92710 ’ 92910 ’ K3210 Acronym

8.. -.0004 .

-3 (-. 115) TRCR

3.. .00001

,6 (.107) ‘MSUPTS

3_ .0002 .0001

,8 (.115) ( 105) ~ GPA

B. -.029 —.O34 -.057

",13 (-.110) (—.O92) (-.104) 898003

3_ -.O35

,15 (-.070) PRE005

8 .037

—L18 (. O63) PRE008

”0_ .047 .095 -.024

,23 (.115) (.157) (-.O67) 898013

B__ .025

,29 (.072) 898019

e -.072

‘;30 (-.097) PRE020

3_ .040 .043

,33 (.147) (.126) PRE023

9. .020

,35 (.076) PRE025

0_ .039

,36 (.061) 898026

9. .025

,41 (.103) PRE031

8_ -.003

,45 {—.069) 898808

9. .012

.49 (.085) PRF004

9_. .026 .037

-51 (.147) (.138) 898006_

3.. -.030 -.069

.. .59 (-.145), (-.222) 898014

B__ -.097

__. .66 (-.171) .AEFOO6

3_ .055 -.030 -.031

____,68 (.122) (-.116) (-.O94) A88008

B__ -.017

,69 (-.050) ‘A88009

B__ .017

,73 (.073) AFF013

B__ ~.052 -.063

,74 (-.146) (—.120) AFF014      
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MODEL COEFFICIENTS FOR WEEK - FINAL

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

DEPENDENT VARIABLE, 9f; Independent

Variable

Coefficients 92210 92310 92710 ’ 92910 ’ 93210 Acronym

C. .029 .022

,77 (.112) (.069) AFF017

C. -.132

,90 (-.115) A88030

d. -.O44 -.053

.93 1:.093) {-.090). AFF033

B__ -.O33 —.038

,99 (-.103) (-.095) AFFO39

8.. .030

,107 (.074) A88047

8.. .014

.112 (.076). AFR004

5.. -.010

,123 (—.045) BKGOO4

d. -.017

-125 {-.091) 890006

9. .011

,126 (.070) 890007

B . 024

'3128 (.087) 890009

B__ -.O37

.131 (—.067) BKG012

B_ .024

.139 (.055) 890020

3.. .022 .014 .015

,_,149 (.095) (.102) (.086) BKG030

B__ .050

,155 (.100) BKG036

3_ .045

,161 (.180) BKGO42

d. -.O31

,166 (-.148) 890047

B__ .013 .020

__ ',171 (.095)_ (.118) 890052

9. —.042

,,173 (—.157)_ 890054

3_ .011

__ ,179 (.057) 890060

3_ —.068 ,

(.200 (-.244) 898013

IIB.. -.031

.201 {-.108) 898014

A_ .069

__ .1 (.121) LECOOI      
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DEPENDENT VARIABLE, 9'. Independent

‘9 Variable

Coefficients 92210 92310 92710 ‘ 92910 A 93210 Acronym

, A__ ~-. 039

.4 (—.121) LECOO4

.I_. —.038

,6 (c.104) LECOO6

‘7&_ .041

,8 (.179) ~ LEC008

A__ -.O63 .045

,9 (—.159) (.139) LEC009

A -.O63* -.054 I

",10 (-.185) (—.107)- LECOlO

A_ -.009

,11 (-.188) LECATD

A__ .176

,12 (.106) SASOOl

A__ .097

,13 (.083) SAS002

A. .035 .043

,17 (.066) (.057) SASOO6

A_ .027 .033

.20 (.075) (.073) SASOO9

.I_. -.O97 -.190

,23 (7.117) (:.154) SASOl2

,A__ .092

,30 (.119) SASOI9

A__ .011

,31 (.102) SASATD

I__ -.O91 —.O83

,,35 (7.094) (-.058) LTP004

I_. .039

,38 (.058) LTP007

4.. .092

.39 I. 108) L88008

4.. -.059

3.48 (—.147) .802006

. A. .048

.53 (.092) _TC1

I._ -.114

__ ,54 {—.157) 103

I__ .048

.59 (.156) '808

A —.018

“361 31:.050), 8010

A - . 068

‘362 1 (-.179) 8011
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-:_

DEPENDENT VARIABLE, 9t; Independent

’ Variable

Coefficients 92210 92310 92710 I 92910 P 93210 Acronyn

—-
-.021

’65 (-.O61) 8014

_. .017

,70 (.073) ONEO31

_. .026

,74 (.111) TWOO32

__ —.012

.91 (—.O66) NINO31

__ .003 .004

,101 (.109) (.096) 02

.002

(.053) 06

.007

(.084) .09

.012

(.164) 010

.083

(.121) 90109

90809

-.159

{-.089} 90909

91009

-.O64

(-.064) 91409

91909

92009

92209

92309,

92709

92809

.711

(.778) '92909

.787

(.794) 93209

~.O6O

(:.115) 93609
  
 

  



 

 



 

361

TABLE E.10

MODEL COEFFICIENTS FOR WEEK - FINAL

 

  

Independent

Variable

Acronym

  DEPENDENT VARIABLE, KI;

Coefficients 92210 92310 92710 92910 93210

u__ .119. .132 ~.106

,40 (.101) ( 075) (—.103) 94009
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DEPENDENT VARIABLE, 9'. Independent
..i Variable

Ceeffieiente 93410 93610 93710 ’ 93910 94010 Acronyn

d. .0002

.9 (.181) GPA

B__ -.028

....911 (-.117) PRE001

d. .139 .122 .127 .064

,18 (.100), _(.086) (.140), (.108) PRE008

C. -.O35

,23 (—.O76) 898013

5 .052

‘;36 (.088) PRE026

B__ .085 .084 .021

.37 (.150) (.144) (.086) PRE027

8__ -.045

,42 (-.165) 898032

C. .024

,49 (.133) 898004

8__ -.020

,51 (-.102), 898006

B_. .029 .032

.54 (.094) (.102) Dggggg

3_ .020 .018

.56 (-062) ((-054), .PREQII

8__ -.O39 -.O43 '

,61 (-.103) (-.174) AFFOOI

3_ .024

.70 (.100) A8801O

B_ .047

__¥ ,71 (.125) A88011

C. -.022 “'7

.72 (-.O62) AFF012

B__ -.O89 -.086

,85 (-.097) (-.O91) AFF025

B__ .034

__,.,89 (.090) A88029

d. -.050 -.027

,91 (-.134) (—.111) AFFO31

3. -.124

__ .93 (-.170) AFF033

3_ .022 .018

,94 (.062) (.078) 'AFFO34

B -.UZB—

‘399 (—.054) AFF039

B .026 —.O69 -.056

‘;101 (.053) (-.O97) (~.076) AFF041       
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1“

DEPENDENT VARIABLE, 9'. Independent
IL— Variable

Coefficients 93410 K3610 93710 93910 . 94010 Acronym

5 .113 .122

‘,105 (.094) (.098) AFFO45

8_ .063

,107 (.126) A88047

8_ .037

,108 (.065) .AFF048

B -.037 —.O35

‘;113 {-.112) {-.104) AFFOOS

8_ -.035

,115 (-.161) .AFROO7

d. -.O3O -.057 -.010

,125 {-.084) {-.243) (-.068) BKG006

0_ .020 .024

,126 (.058) (.066) 890007

B_ -. 042

,131 (—.109) 890012

0_ -.016

,136 (-.157) 890017

79. -.016

,141 (-.069) BKG022

C. .053

,149 (.254) BKG030

B_ -. 030

,151 (-.130) BKGO32

B -.024

‘3153 (—.097) BKG034

B .011

“3154 (.077) BKGO35

B —.081

‘;156 (~.101) 890037

3 —f019

‘3160 (-.O79) 890041

8_ -.029 -.032

*_’,166 (—.102)_ ((7.108) 890047

3_ .026

.,168 (.144) 890049

3 . 024

‘3171 (.115) 890052

B .016 .

‘3172 (.138) 890053

3 —.024 -.021

‘3173 (-.O80) (-.068) BKG054

8_, .023

,179 (.095) BKGO6O       
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-

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

DEPENDENT VARIABLE, 91: l Independent
Variable

Coefficients 93410 93610 93710 93910 94010 Acronym

0_ .062 .057 '.012

,181 (.137) (.122) _(.060) 890062

9_ -.012

,192 {-.093) 898005

0_ -.043 -.013

,197 (-.219) (-.098) 898010

8.. -.022

.200 (-.106) 898013

I. .056 .053

,1 (.059) (.055) LECOOI

A__ -.056 -.028

,4 (n.137) (—.110) LECOO4

A__ .061

,5 (.147) L80005

A__ .042

,7 (.170) LECOO7

A .028

":8 (.081) LEC008

A__ —.O46

,10 (—.127) LECOIO

A__ .168 -.157

,13 (.091) {—.088) SASOOZ

A__ .085

,17 #:‘7 (.104) SASOO6

A__ .037

,20 (.064) SASOO9

A .064 .059

":23 (.071) (.102) SASOIZ

I. -.063 -.051

____,30 (-.O60) (-.O48) SASOI9

4.. -.233

.32 (—- 130) 1.88001

4.. .118

. 35 .4 1 13) 1.88004

4. .084

.39 (. 123) LTPDOR

'“7&_ .049 .047

“ ,47 (.092) (.086) PQZ005

A . 067

'253 (.100) 'TCl

A__ .065

.54 (.098) TC3

A__ -.O41

,61 (-.102) TC10
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7r

DEPENDENT VARIABLE, 9'. Independent

‘ "9 Variable

Coefficients 93410 93610 93710 93910 94010 Acronyn

. I. .015

,81 (.084) FOR033

~ A_ ‘ .019 .018

,87 (.072) (.066) SIXO33

. A_ -.024

,91 (-.103) NINO31

_A__ .021 .022 .036

,97 (.052) (.054) (.140) FINO64

. A_ .006

,101 (.117) 02

.003

‘3102 (.100) 03

.004 *

~“,105 (.091) Q6

0_ .100

,1 (.108) 90109

n. —.102 -.207

,2 (-.125) (-.131) 90209

90309

.077 .117

(.060) (.140) 90409

-.081

(-.102) 91909

.131

(.136) 92309

-.O68

(-.104) 92509

93409

..93609

93709

.462

(.578) 93909

.540

(.651) K4009
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DEPENDENT VARIABLE,

KL:
 

 

Independent

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable

Coefficients K4110 K4210 K4310 ! Acronym

8_, .136

,18 (.108) PRE008

B__ —.055

___,23 (—.104) PRE013

3. . 140

.33 (.188) PRE023

8_ .078

,36 (.114) PRE026

8_ .082

,37 (.160) PRE027

B__ .034

L49 ~ (.165) PRF004

8_ .030

3 54 (.106) 898009

8. .018

,56 (.062) PRF011

8_ —.108

,68 (-.153) AFF008

B o 067

AFF011

AFF012

AFF013

AFF015

AFF017

-.087

{-.105) AFF025

AFF029

AFF032

AFF033

AFF037

'A88039

-.067

(-.104) AFF041

.121

(.111) AFF045       
  

 

 

 





367

TABLE E.10
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DEPENDENT VARIABLE, K'i__. Independent

Variable

Coefficients K4110 K4210 K4310 P ’ Acronym

B .088

‘3107 (.101) AFF047

3 .058

‘1108 (.087) AFFO48

B__ -.033

,113 (-£112) AFR005

B__ -.052 .

9115 (‘0204) AFROO7

C. ‘.052

,117 (.142) AFROO9

B -.032 -.030

‘3125 (-.076) (-.O91) BKGOO6

B .024

‘3126 (.076) 890007

B -.209

7,143 (—.078) 890024

3_ .079

,149 (.216) BKG030

’79. —.039

,161 (-.123) 890042

8_ -.031

,166 (-.119) BKGO47

B__ .039

,168 (.184) 890049

B__ .082

,171 (.224) 890052

3 -.023

‘,173 (—.087) 890054

B__ .036

,179 (.126) BKG06O

C. .059

,181 (.144) BKGO62

BKFOOS

BKF013

LEC001

LECOO4

LEC005

LEC008      
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DEPENDENT VARIABLE, 9'. fl Independent

I Variable

Coefficients K4110 K4210 K4310 Acronym

,A__ .247

_,13 (.115) $45002

, I. .059

,20 (.087) SASOO9

. A. -.049

.30 .I-.O52) 8A5019

A__ .078 -

’42 (.139) LTPTOT

.I_, .050

.47 (.104) 802005

.A.. .100

. 53 ( . 128) 801

.I_, .101

,54 (.131) 803

w A. -.064

,61 {-.136) TC10

, A. -.105

.65 1e.141) 8014:?

'71.. .018

,87 (.075) 819033

III. __.037

,91 (-.134) NINO31

. A. .020

,97 (.056 FINO64

‘A__ .009

,101 (.156) Q2

4.. .007

.105 (.091) Q6

0 -.182

_32 {—.130) K0209

9..
.081

’3 (.065) 90309

p .255

...7310 (~171) 91009

u__ -.088

,,38 (—.128) 93809

u__ -.189

... .40 (-.123) 94009

u__ .486 _

.41 (.645) 94109

n. .491

.42 (.630) 94209

n_. .479

.43 (.781) 94309      
  
 

 





 

9
9

Q
a

Q
Q

m
)

a
:

x
1

0
5

0
1

¢
~

O
:

h
J
-
h
a

Q

010

9 p
.
.
.

H

012

013

014

015

016

017

018

019

020

021

022

023

024

025

026

' 027

-028

,“ 029

030

031

032

033

0.0621

0.1040

0.0166

—0.3240

0.0930

-0.0851

0.0040

0.1385

-0.3150

0.0030

0.0692

-0.2232

-0.1424

-0.0518

0.0019
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Model Constants

WeekeFinal

 

034

035

036

037

038

039

040

041

042

O43

044

-0.1661

0.2098

0.1810

-0.0158

0.1127

-0.2230

-0.5041

0.2203
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