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ABSTRACT - continued - Page two

intended level of application, level of analysis, and activities required
to implement the model.

PIERIM was implemented for a portion of an elementary education course:

three weeks of traditional instruction was converted into 25 instructional
modules. The modules were implemented in a conventional classroom environment
(N=19), revised on the basis of learner performance, and then implemented

in a self-instruction environment (N=28). The pre-and posttest performancés
of the two groups were approximately equal.

An dnstructional Support System (ISS) was designed to support the implew .

mentation of the instructional modules in the self-instruction environment.
Four 1SS computer programs, written in FORTRAN IV, produced the
instructional modules, tests, and summaries of learner performance.

It was also demonstrated that the programs could be used to produce

modules for a similar course, educational psychology.

A single index, the Revision Indicator, was developed which ranked

the set of instructional moduies on their relative need for revision,

Two sets of Revision Indicators, derived from the performance data,
identified the same three instructional module$ as most needing revision. -
Rank order correlation between the two sets of Revision Indicators was

r = .83.
S

Faculty members from Elementary Education and Educational Research
ranked the instructional modules on the basis of the relative importance
of a teacher candidate being able to demonstrate the behavior described
by the modules. Rank order correlation between the two sets of rankings
was .71 for tha total set of modules. Faculty members indicated that
1f they ware to teach the course, the set of modules would represent
approximately 60 parcent of the evaluatior unts.

Based on exparience gained through implementation of the model,

the activities were evaluated and PIERIM (2nd edition) represents an
operational definition of the job descriptions for the instructor and
educational technologist. The major identified weakness of a set of
instructional modules produced by the PIERIM mode} remains: the rele-
vance of the set of instructional modules, when comparsd to a spacific
teacher competency, cannot exceed tha relavance of the subject matter
from which the modulas whre derivad. .

The estimated cost of designing and producing 28 sets of the

instructional modulas and tests was $768.52, with design and production
costs representing 83 percent and 17 percent of the total, respectively.
Designing and testing the ISS computer programs cost an additional
$434.00. Based on the eight classroom hours duvoted to the implementation

B p—




ABSTRACT - continued - Page three

of the modules and tests in the self-instruction environment, the develop-
ment cost is approximately $150 per hour of instruction. In order to
estimate the cost of implementing PIERIM with faculty members rather than
graduate students, the personnel costs were doubled and the resulting
estimate was $230 per hour of instruction. Utilizing the $230 estimate,
PIERIM could be implemented and the contents of an education course

(i.e., 30 class hours) transformed into instructional modules and tests

d for usa in a self-instruction environment for approximately $6,9N0.
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THE DEVELOPMENT AND IMPLEMENTATION OF A MODEL FOR THE DESIGN OF
INDIVIDUALIZED INSTRUCTION AT THE UNIVERSITY LEVEL

ABSTRACT

This study involved the development and implementation of the
Production, Implementation Evaluation and Revision of Instructional
Modules (PIERIM) model for the design of individualized instruction.
PIERIM is designed as an interactive model with activities explicitly
prescribed for the instructor and the educational technologist. PIERIM's
purpose is to provide a means by which the content of existing teacher
training programs can be transformed into a format (i.e., instructional
modules) which is compatible with an individualized teacher training
program.

The PIERIM model was compared with two other system models for
the design of instruction (Briggs, 1970; & Dick, 1969) on the basis of
assumptions upon which the model is based, personnel required to imple-
ment the model, intended level of application, level of analysis, and
activities required to implement the model.

PIERIM was implemented for a portion of an elementary education
course: three weeks of traditional instruction was converted into 25
instructional modules. The modules were implemented in a conventional

classroom environment (N=19), revised on the basis of learner performance,
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and then implemented in a self-instruction environment (N=28). The pre-
and posttest performances of the two groups were approximately equal

An Instructional Support System (ISS) was designed to support the
implementation of the instructional modules in the self-instruction
environment. Four ISS computer programs, written in FORTRAN IV, produced
the instructional modules, tksts, and summaries of learner performance.
It was also demonstrated that the programs could be used to produce
modules for a similar course, educational psychology.

| A single index, the Revision Indicator, was developed which ranked
the set of instructional modules on their relative need for revisien.
Two sets of Revision Indicators, derived from the performance data,
identified the same three instructional modules as most needing revision.
Rank order correlation between the two sets of Revision. Indicators was
re ® .83.

Faculty members from Elementary Education and Educational Research
ranked the instructional modules on the basis of the relative importance
of a teacher candidate being able to demoastrate the behavior described
by the modules. Rank order correlation between the two sets of rankings
was .71 for the total set of modules. Faculty members indicated that
if they were to teach the course, the set of modules would represant
approximately 60 percent of the evaluation unit.

Baséd on experience gained through implementation of the model,
the activities were evaluated and PIERIM (2nd edition) represents an
operational definition of the job descriptions for the instructor and
educational technologist. The major identified weakness of a set of
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iv
instructional modules produced by the PIERIM model retains: the rele-
varice of the set of instructional modules, when compared to a specific
teacher competency, cannot exceed the relevance of the subject matter
from which the modules were derived.

The estimated cost of designing and producing 28 sets of the
instructional modules and tests was $768.52, with design and production
costs representing 83 percent and 17 percent of the total, respectively.
Designing and testing the ISS computer programs cost an additional
$434.00. Based on the eight classroom hours devoted to the implementation
of the modules and tests in the self-instruction environment, the develop-
ment cost is approximately $150 per hour of instruction. In order to
estimate the cost of implementing PIERIM with faculty members rather than
graduate students, the personnel costs were doubled and the resulting
estimate was $230 per hour of instruction. Utilizing the $230 estimate,
PIERIM could be implemented and the contengts of an education course
(i.e., 30 class hours) transformed into instructional modufes and tests

for use in a self-instruction environment for approximately $6,900.
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CHAPTER 1
INTRODUCTION

Saettler (1968) traced the history of instructional technology
and placed 1960 as an approximate date for the use of the phrase “"total
systems approach" to describe the interaction of men, machines, and
resources within the context of an organization in terms of specific
tasks and outcomes. Ryans (1964) discussed the importance of viewing
education as a system and presented a research approach to system
study and design in the planning of higher education. Recent develop-
ments in teacher education demonstrated the necessity for viewing the
preservice professional component of a program as a subsystem of higher
education.

LaGrone (1964), in a proposal presented to the American Associa-
tion of Colleges for Teacher Education for the revision of the preservice
professional component of a program of teacher education, stated:

The current instructional materials will not meet the demands
of the proposed professional curriculum . . . . To realize the
potential of the proposed content outline new materials that
capitalize on the concept of an instructional system approach
will be needed. A task of this magnitude would be difficult
but far from impossible (p. 60).
Silberman and Carter (1965) described the deficiencies in the present
education system and concluded that "prospective teachers are not
taught to take pride in using and evaluating instructional tools that

are effective in producing desired student behavior (p. 73)."
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Engbretson (1969) conducted an analysis and evaluation of plans
for comprehensive elementaty teacher education models submitted to the
U. S. Office of Education (USOE), and provided the following chrono-
logy of events:

August, 1967--A meeting at which the possibility of funding the
elementary teacher education models was discussed was held in
Washington, D. C.

October, 1967--Request for proposals was issued by USOE.

January, 1968--Eighty proposals were received in response to the
request from USOE.

February, 1968--USOE convened an evaluation panel which considered
over twenty proposals and recommended funding of twelve models. iline
of the twelve models were funded by the Bureau of Research to conduct
feasibility studies.

Clarke (1969) reviewed the major features of the nine funded
proposals and made the following comments concerning the models pro-
posed by:

1. Florida State University--"The program calls for staff develop-
ment for the staff of the teacher education institution in such areas
as programmed instruction . . . individually prescribed instruction,
multi-media and simulation techniques (p. 287)."

2. University of Georgia--"Detailed performance characteristics
are specified, but corresponding materials, treatments, etc., designed
to develop each characteristic are not included (p. 288)."

3. HMichigan State University--"The program anticipates the wide-
spread use of pupil 'instruction material packages' (p. 290)."

——— ooy Do omy ong Doy S8 N
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4, University of Pittsburgh--"'This is a training model” for indi-
vidualized-instruction. The program will use individualized instruc-
tion to prepare teachers in order to facilitate individualization of
instruction within any school' (p. 290)."

Silberman and Kooi (1969) described a generalized model based

on their analysis of the nine funded model proposals. Their general-
ized model includes sets of specifications for: (1) curriculum modules,
(2) student flow and (3) support systems. A curriculum module is
defined to consist of a single objective. The time required to com-
plete a module is considered to be dependent upon the task(s) involved
and the strengths and weaknesses of 2ach individual trainee. Within
the support systems, the program support system is used to design, con-
struct, and test instructional modules, and to handle the logistics of
the program. In discussing the support system, Silberman and Kooi (1969)
stated:

Only a few of the models consider cost factors for support

systems, Pittsburgh estimated that it would cost $804,000

to develop materials, and would require 20 hours of retrain-

ing per staff member. They also estimated that they would

need one additional staff member per 50 students, and 50

more square feet per pupil (p. 7).
The specification of objectives for the models were concluded to be:
(1) neither specific enough nor operational enough to be implemented
without further definition, (2) derived from or coﬁpatible with the
present course structure in the better toachcr-tfaining institutions,
and (3) derived from content analysis rather than an analysis of what

it takes to change pupil behavior (Silberman & Koot, 1969).
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C. Lange (1968) concluded that "in order to introduce changes

ooy 0§

i in teacher education, it is likely that programs of instruction must

be developed to achieve specific sets of objectives . . . (p. 16)."
Smith, Crchen, and Pear] (1969) stated the problem in a slightly dif-

-

fereni manner:

There is now no set of training situations available to J
teacher educators. There are lists of objectives, tests ~
for assessing the cognitive achievement and attitudes of
trainees, and scales of rating their teaching behavior.
There are all kinds of pretentious models for teacher
education. But there are no materials to be used in
actually training the teacher . . . (p. 77).

il

The paradox of teacher educators talking about and advocating

individualized instruction and yet failing to individualize the

teacher education programs was noted by Carr (1962) in the early 1960's,
and Yee (1969) continued to appeal for the individualization of teacher
education programs. Progress toward individualization of teacher edu-

cation programs has been indicated by Monson's (1969) conclusion that

a common element of the nine elementary teacher models is "greater :
stress on individualization . . . (p. 101)." Esbensen (1968) and Baird, E
Belt, and Holder (1968) described teacher training programs which have |
been individualized at St. Scholastica College and Brigham Young Uni-

versity, respectively.

In summary, new models fbr programs of teacher education con-
tinue to be developed and discussed (LeBaron, 1969b) and one problem
area, if not the major problem area for educators concerned with the
development of individuaiized preservice programs of teacher education, -
appears to be related specifically to the program support system ;-
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described by Silberman and Kooi (1969). The functions of the program
support system include the design, production, and testing of instruc-

tional modules and the handling of the program logistics.

Research llethodology and Procedures

There is a growing awareness that educational researchers must
consider research methodology and procedures which differ significantly
from traditional methods. Some of the leading educational researchers
are reconsidering the entire field of educational research and the
relationships which exist among the developing research designs and
traditional research designs.
Recent statements of the Hational Academy of Education (Cronbach
& Suppes, 1969) provide support for departing from the traditional
research design:
Too many writers seem to 1imit the term "research" to quan-
titative empirical inquiry . . . The study of education
requires non-quantitative as well as quantitative techniques
(p. 14).
Decision-oriented "product research" is part of an effort
to develop an educational procedure that can be followed
systematically in the future, ordinarily in many localities.
Such product research is often called "development" (p. 27).
vevelopmental research is untidy. It is disciplined, in
~ that the investigator is expected to be systematic, so that

other qualified persons can follow his reasoning. But the
process is one of reacting rationally to the unexpected.
Though the innovator may be sure what general form his pro-
duct will take, he will soon find himself deep in problems
that call for engineering studies, inventions, or funda-
mental scientific inquiry (p. 174-5).

The research procedurés.can also be classified under the original

meaning of action research that Travers (1962) attributes to Kurt
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Lewin: “"research in a real-life situation in contrast to research

within a laboratory . . . (p. 542)." Travers (1962) concluded that:

There is a need to develop miniature theoretical systems

related to events in the classroom, and perhaps this type

of exploration is more urgently needed than attempts to

apply current learning theories to classroom situations

. (p. 559).

Within Scriven's (1967) categories of process research, this study
would be classified as formative evaluation. Formative evaluation
is designed to discover deficiencies and successes in intermediate

versions of instructionsl materials.

Stake and Denny (1969) addressed themselves directly to the
problems of research as it applies to the design and evaluation of
instructional materials. They expressed the hope that:

. individual researchers will attempt to produce needed
analytical techniques to assess the structure and coverage
of the content of instructional materials as well as to pro-
duce performance criteria for evaluating the behavior of

users of such materials under a variety of specifiable con-
ditions of use (Stake & Denny, 1969, p. 379).

Statement of the Problem

The present study consisted of three separate but related parts:
1. A model for the Production, Implementation, Evaluation, and

Revision of Instructional Hodules (PIERIM) was designed and a detailed

non-empirical comparison between PIERIM and two axisting system models
fbr the design of instruction was presented.
2. The implementation of PIERIM for a portion of an undergraduate

elementary education course was conducted in order to determine: (a)

‘the feasibility of implementing the model, (b) job descriptions for

the participants of the implementation, (c) cost estimates in terms of
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time and materials required to implement the PIERIM model, (d) evalua-
tion of student performance when utilizing instructional modules pro-
duced using the PIERIM model, and (e) recommendations concerning the
contents of training materials that could be used to develop the skills
identified for the participants in the implementation.

3. Development of an Instructional Support System (ISS) which
utilized existing technology to support the implementation of the
PIERIM model. The ISS developent was analyzed to determine: (a) ele-
ments required in an ISS, (b) adequacy of the ISS as measured by the
output of the system, and (c) cost estimates in terms of time and

materials required to implement the ISS.

Significance of the Study

The significance of this study is in the development ‘and eval-
vation of the PIERIMN model for the design of self-instructional modules.
The PIERIM model provides educators with an alternative system model
for the design of instruction which is specifically designed to mini-
mize the number and complexity of new skills or tasks initially required
to be performed by the participating instructor. The PIER{M model is
a selection model as contrasted to the design models for development
of instructional materials.

The study did not attempt to compare the actual development of
instruction using each of three selected models, but did compare the
similarities and differences in procedures, as defined by each model.
The detailed comhrison of the models prdvi-des educators with some of
the questions which should be asked of any model selected for the
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design of instruction. The detailed job descriptions that were prepared
for each member of the implementation team were refined and the PIERIH
model was revised on the basis of experience gained through implemen-
tation of the model.

In summary, the study: (1) adds to existing bodies of knowledge
(e.g., models for the design of instruction and instructional support
systems); (2) provides an alternative model, PIERIM, for the design of
instruction; (3) provides an instructional support system capable of
supporting the implementation of the PIERIM model; and (4) is topical
in relationship to USOE's interest and support of the design and
implementation of models for elementary teacher education training pro-
grams.

Of particular interest to educators at small colleges, junior
colleges, and public schools is the development and implementation of
an Instructional Support System (ISS) which utilized existing tech-
nology to support the implementation of a system model for design of
instruction. Each part of the study, and the study in toto, is of
specific interest to and provided new knowledge for those persons and
institutions which are interested in the use of system models for the
design of instruction and the design of instructional support systens
to support the implementation of the models.
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CHAPTER I1

SURVEY OF LITZRATURE

The design and implementation of a model for design of instruc-
tion requires that the researcher must be aware of the current research
efforts in a large number of related areas of research.

The current efforts in the field of curriculum are reviewed for
the purpose of defining a curriculum. The implementation of the PIERIM
model results in the production of a set of instructional materials for
a specific content area. Having defined a curriculum, it will be possi-
ble to determine if the instructional materials produced through the
implementation of the PIERIM model constitutes a curriculum for the
content area. The existence of a curriculum and/or a set of instruc-
tinnal materials implies that there exists an instructional system in
which to implement the materials. By defining an instructional system
and reviewing the subsystems which comprise the instructional system,
the PIERIM model and the Instructional Support System can be related
to a more general model of an Instructional Syvstem.

The learners who interact with an instructional system can have
their performance evaluated either by the use of norm-referenced
measures or criterion-referenced measures. MNager's (1962) definition

of behavioral objectives has as one of its elements that a standard of

e+ s i ———— & - -




10
performance must be included. The use of behavioral objectives combined
with the intended use of the instructional materials in an individuai- .
ized instiuction program dictates that the mastery model and criterion- -
referenced measures are both specifically related to the PIERIM model.
By defining formative evaluation and discussing its application to the ,

evaluation of learners, behavioral objectives, test items, instruc-

‘ tional materials and learning environments, it is possible to discuss

the relative strengths and weaknesses of the evaluation procedures

- —y

used during the implementation of the PIERIN model.

The stated purpose of the PIERIM model is to design instruc-
tional materials which can be used to support an individualized teacher
training program. The research related to individualized instruction
] and instructional packages is directly applicable to the design and
implementation of the PIERIM model. An individualized program of
instruction requ1kes greater use of the educational technology that is
currently available to educators. Specifically, applications of com-
puters and the use of audio tapes are applicable to the Instructional
Support System which is designed to support the implementation of the
PIERIM model.

Innovations in education are reviewed in order to identify
potential obstacles to the implementation of the PIERIM model in 2
teacher training program and to place the current efforts in the field
of system models for design of instruction into a chronological per-

spective.
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Current Interest in Curriculum

Representative of the current interest and emphasis on the entire
field of curriculum are: (1) a discussion of the problems of curriculum
evaluation by Tyler, Gagnéﬁ and Scriven (1967); (2) a book of readings
related to the curriculum of the public schools by Short and Marconnit

(1968); (3) an issue of Review of Educational Research entitled

Curriculum, edited by Popham and Baker (1969); and (4) major portions

or entire issues of professional journals devoted to problems of cur-

riculum (Educational Technology, 1970a, 1970b; Phi Delta Kappan, 1970).

Tyler (1970) pointed out the wide range of definitions and views
associated with the term curriculum that are currently in use by edu-
cators. From the current definitions of curriculum, Gagné's (1967)
operaticnal definition of curriculum was selected for use in connection

with the study:

A curriculum is specified when (1) the terminal objectives
are stated; (2) the sequence of prerequisite capabilities

is described; and (3) the initial capabilities assumed to

be possessed by the student are identified (p. 23).

Instructional Systems
The definition of an instructional system was derived by com-
bining Corey's (1967) definition of instruction and Ryans' (1964; 1965)
definition of a system. An 1n$tructiona1 system is defined as an identi-
fiable assemblage of complexly organized elements which are:
1. Interrelated by process and/or structure.
2. Interdependent.

3. United by a common information network.
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4. Characterized by a regular and orderly form of interaction.
5. Able to function as an entity to enable the learner to emit
or engage in specified behaviors under specified conditions
or as response to specified situations.
There does not exist in the literature an agreed upon set of

elements or subsystems which comprise an instructional system. The

most common subsystems discussed can be classified within the following

scheme:

T e g

1. Design/Selection of Instructional Haterials Subsystem
provides for the acquisition of instructional materials
(Bratten, 1969; Deterline, 1968; Flanagan, 1969; Johnson,
1967; Silber, 1970).

2. Implementation Subsystem provides the environment and pro-
cedures for the interaction between the learner and instruc-
tional materials to occur (Deterline, 1968; Johnson, 1967;
P. Lange, 1968; Ryans, 1964; Silvern, 1968; Smith, 1966).

3. Evaluation Subsystem provides the means by which changes in
other subsystems can be measured (Flanagan, 1969; Johnson,
1967; Silberman & Filep, 1968; Tyler, 1951).

4, Revision Subsystem provides the decision structure for
identifying elements or subsystems which are not perform-
ing at a predetermined level of performance (Silberman &
Filep, 1968; Smith, 1966).

5. Information Management Subsystem provides records concern-
ing the performance history of other specified subsystems
(Bratten, 1969; Cooley & Glaser, 1968; Flanagan, 1969;
Smith, 1966).

The five subsystems are considered to define a larger instructional

support system (ISS). The relationship among the‘preservice teacher
education system, instructional support system and the instruction

system are shown in Figure 1.

S T ————— e s ———— T o
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System Hodels for Design of Instruction

A system model for design of instruction must include at least
the following procedures in the order indicated:
1. State behavioral objective.

2. MWrite test items to measure the behavior stated in the
behavioral obldctive.

3. Selett oridésign.idstruc%ion to achieve the behavioral
objectives.

4. Implement instruction with learners from the intended pop-
ulation.

5., Evaluate learner performance.
6. Revise inbtruction and/or procedures based on the learners'
performance. ) :

The current state of the art, with respect to system models for
the design of instruction, has drawn heavily from the early work in
programmed instruction, military training, and the system concepts
developed by the military for the design and implementation of new
weapon systems. Ilorgan and Morgan (1968) considered the development
of programmed instruction as an educational effort that was analogous
to the application of the systems approach. Dick (1969) considered
that terms such as “systems analysis," "a systems approach," and
“educational technology," when used to refer to the process involved
in the preparation of instructional materials, are not intended to
descride the learning process.

Dick's (1969) model for the systems approach has evolved as a
set of procedures which can be followed in the preparation of instruc-
tional materials. Briggs, Campeau, Gagne, and May (1966) described a

-
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recommended procedure for choosing instructional media for each stated
behavioral objective. Briggs (1970) incorporated the procedures for
selecting media and procedures for sequencing instruction (Briggs, 1968)
into a general strategy for the design of instruction. A comparison
between Dick's (1969) and Briggs' (1970) models for design of instruc-
tion reveals that they contain essentially the same processes but are
represented in different degrees of elaboration. Similar models for
design of instruction have been discussed by Bunderson and Butts (1969),
Childs (1968), Corey (1967), Cyrs and Lowenthal (1970), Eraut (1967),
Glaser (1965; 1966; 1968), Haney, Lange, and Barson (1968), Homme,
Csanyi, Gonzales, and Rechs (1969), Kibler, Barker, and Miles (1970),
LeBaron (1969a), Lindvall and Bolvin (1967), Tosti and Ball (1969)

and Tyler (1949). The work of Quinn (1967; 1968), Rundquist (1967),
Smith (1966) and Thomas (1970) is representative of the work that

has been done by or for the military training commands. Moore (1970)
and Ullmer (1867; 1969) have discussed models as they apply to instruc-
tion in institutions of higher education.

Implementation of System Models

System models for design of instruction have been applied to
an ever increasing variety of instructional environments. The two best
known projects to apply a system model are the Program for Learning
in Accordance with Needs (PLAN) .(Flanagan, 1367; 1968) and Individually
Prescribed Instruction (IPl) (Lindvail & Bolvin, 1967). ilorgan and
Morgan (1968) described the role of system models for design of instruc-
tion within the context of the ES '70 project.

e e 4 e e atanan
- .
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Barson (1967) and Haney, et al., (1968) described the appli-
caticn of system models in four universities which involved eight
courses each with a minimum annual enrollment of 500 students.
Thornton and Brown (1968) reviewed current multi-media projects and
applications of system models in higher education. Additional pro-
grams developed for in-service teacher education were reported by
Deterline (1968) and Miller (1967).

Government and military projects which have involved the appli-
cation of system models include: U.S. Naval Academy (Quinn, 1967,
1968; Tosti & Ball, 1969), Job Corps projects (Harmon, 1969), and

4 —e S oy ==y onny g B B

instructor training for the Royal Air Force (Thomas, 1970).

Application of system models within the areas of computer-
assisted instruction and computer-managed instruction is evident in
the work of Bunderson and Butts (1969), Hagerty (1970), Kooi (1968)
and Kooi and Coulson (1967).

The system models for design of instruction generally provide
adequate descriptions of the processes involved in the model but have
generally failed to provide information éonceming the implementation
of the mode! such as: (1) number of persons required to implement the
model, (2) relationship between number of revision cycles and the
effectiveness of the instructional materials produced, (3) costs
fnvolved in implementing the model, and (4) definition of the roles
and responsibilities for each member of the implamentation team. The
work of D. Markle (1967) and Short, Geear, Haughey, & Tien (1968) have
demonstrated that when a system model for design of instruction was

¢ MM%&,~., N
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applied to a training problem that the process not only produced
instruction which was more effective than traditional methods but also
resulted in reduced training time requirements. Reports of the work
completed by Hagerty (1970), D. Markle (1967) and Short, et al., (1968)
demonstrate a trend toward more complete reporting of the implementa-

tion of system models in terms of resources required, activities per-

formed, and evaluation of the learner's performance.

The review of existing system models for design of instruction
revealed that the knowledge gained from the present study woulc pro-
vide new and relevant kinowledge concerning: (1) an anaiytical compari-

son between two existing models and PIERIM, and (2) information con-

cerning the actual implementation of the model in terms of personnel
involved, job descriptions, materials produced and cost estimates for

each of the system components.

Mastery Models and Criterion-Referenced Measures

The mastery model described by Mayo (i970) was based, in part,
on earlier work by Carroll (1963) and Bloom (1968a). The mastery
model is characterized by descriting its five component strategies:

1. Inform students about course expectations, even lesson
~ ‘expeltations or :unit expectations, so that they view
learning as a cooperative rather thar as a competitive
enterprise. '

2. Set standards of mastary in advance; use prevailing
standards or set new ones and assign grades in terms
of performance rather than relative ranking.

3. Use short diagnostic progress tests for each unit of
instruction. ’

JEP .
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4 Prescribe additional learning for those who do not demon-
strate initial mastery.

5. Attempt to provide additional time for learning for those
persons who seem to need it (Mayo, 1970, p. 2). -

Glaser (1963; 1967), Glaser and Cox (1968), and Popham and
Husek (1969) discussed not only the similarities and differences
between norm-referenced measures and criterion-referenced measures, .
but also the application of criterion-referenced measures to evalua- l
tion of instruction. A criterion-referenced test was operationally
defined to include any measure which: I

1. Assesses learnmer performance in relation to a predetermined ;
standard of performance. -

2. Provides information as to the level of performance attained "
by each learner which is independent of reference to the ’
performance of other learners (after Glaser, 1963 and
Glaser and Cox, 1968).

Criterion-referenced tests are an integral part of Bloom's (1968) and

Mayo's (1970) mastery models.

Ebel (1962) discussed ten principles which should be considered

when tests of educational achievement were being prepared and used.

The first five principles were considered to be equally applicable to

criterion-referenced measures: | |

1. The measurealnt of.educattonal aehiov!nlnt i$ essential
to effective education. .

2. An educational test is no more or less than a device for
facilitating, extending, and refining a tnachor'
observation of student achievement.

3. Every important outcome of education can be measured.

4. The most important educational achievement is cosmand
of useful knowledge.

5. Written tests are well suitnd to mezsure t.. student's
command of useful knowledge (p. 20-22)

rw«
rn ek

[ ISR S B

‘a4




19

Based on the results reported by Bloom (1968a), the implementa-
tion of the mastery model was determined to be appropriate for use at
the university level; and significant improvement, as measured by
learner performance, was reported. In reference to higher education,
Mitzel (1970) predicted that by the year 2000 "the major changes will
be primarily characterized by individualization of instruction leading
to sophisticated systems of adaptive education (p. 439)." Glaser
(1965) concluded that the analysis and specification of behavioral
objectives would have the greatest single impact on improving our
education system. The statement of behavioral objectives is the cru-
cial first step for both the mastery model and system models for design
of instruction.

Three of Garvin's (1970) general principles can be used to
determine the applicability of criterion-referenced measures to pro-
grams of study at the university level:

1. Unless at least one of the instructional objectives of a

unit envisions a task that must subsequently be performed

:fo: fp?cffied level of competence in at least some situa-

- 2. If public safety, economic responsibility, or other ethical
considerations demand that certain tasks be performed only

by those “qualified” for them by formal {nstruction . . .

3. In any 1nstru¢tional sequence where the content is inherently
cumulative and the rigor progressively greater, CRM should

be used to control entry to successive units . . . (p. 7-8).
When Garvin‘s-(1970) principles are applied to programs of teacher
education, 1t is clearly evident that criterion-referenced measures
are applicable. The relevance of present and future programs of

teacher education depends upon the ability of educators to specify
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both the tasks and applicable situations which must be performed at
a specified level of competence. The entire set of behavioral objec- ,%
tives, each defined by an cbservable behavior, applicable situation, |
and standard of performance would operationally define a program of

teacher education.

Evaluation F

Definition
Merwin (1969) reviewed the historical development and changing

concept of evaluation and concluded that "concepts of evaluation have

developed in response to needs for evaluational practices . . .
(p. 25)." The combination of ideas from Stake's (1967) discussion
of curriculum evaluation, Scriven's (1967) discussion of formative
evaluation and Wittrock's (1969) discussion of evaluation of instruc-
t‘on resulted 'n cne following definition:
Formative evaluation is the collection, processing, and inter-
pretation of Jata for the purpose of describing and making ,
judgement as to the quality and appropriateness of behavioral : ;
objectives, instructional materials, environments, and learner ;
performance, and utilizing the results to make decisions con-
cering the modification of the instructional system from which
the data was derived.
Modification of a system based on data derived from the system
{e.g., output) implies feedback. Feadback has generally been defined
as any output of a system which efther directly or indirectly serves
as future input to the system. Within the context of a mastery model
or system mode! for design of instruction, the role of the evaluator
is to utilize the output of the system to identify possible weaknesses

within the system which, 1f corrected, would increase the efficiency
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of the total system and/or proportion of learners attaining the
specified standard of performance.

Feedback to the instructor providec the information required
to make decisions concerning the modification of instructional materi-
als and/or procedures (Bloom, 1968a, 1969; Cronback, 1963; Glaser,
1965; Tyler, 1949, 1951; Wittrock, 1969). Feedback to the learner
has been recommended by Bloom (1968a & b, 1969), Evans (1968), Glaser
(1965), Guilford (1968), and Wittrock (1969) for the purpose of allow-
ing the learner to assess the adequacy of his performance. Specific
recommendations which would assist the learner in correcting defic-
iencies or selecting his subsequent learning activity should be
included in the feedback to the learner (Bloom, 1968a, 1969; Cook,
1951; Evans, 1968). Formative evaluation and the resultant feedback
to the learner have been reported to have assisted the learner by
pacing the learning and motivating the learner to expend necessary
effort to complete the task (Bloom, 1968a). Bloom (1968a, 1969)
insisted that when formative evaluation procedures are utilized the
grading should be based on a predetermined standard of performance.

There are few specific guidelines concerning the data to be
collected, tachniques for analyzing the data, or decision strategies
for assigning priorities to the changes which must be made to an
instructional system. Recommendations are reviewed for each of the
following eloments of an instructional system: learmer, behavioral

objectives, test items, instructional materials, and environment.
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Learner

The only assumption which must be made concerning the learner
is that he is capable of learning (Gagnéﬁ 1965b). Learning is an
unobservable. internal process of the learner, and learning must be
inferred from changes in a learner's performance before and after
interacting with an instructional system (Gagnéﬁ 1965h; Wittrock,
1969). Learning may be defined as "a change in human disposition or
capability, which can be retained, and which is not simply ascribable
to the process uf growth (Gagnéﬂ 1965b; p. 5)."

Tyler (1949) identified two primary methods of evaluating a
learner's performance as paper and pencil type tests for the evaluation
of cognitive skills and the collection of actual products of the
learner. After the learner's parformance had been evaluated, an appro-
priate unit had to be selected for collecting, processing and reporting
the data. Flanagan (1951) discussed the relative merits of each of the
following methods of summarizing learner perfornance: raw score, rank,
level of development, growth and profile. Criterion-referenced’measures
dictate that at the very minimum the learner's performance must be
reported in relationship to a predetermined ;tanda}d of perform;nce
(Cook, 1951; Deteriine, 1967; Evans, 1968; Lindva11 & Cbxg 1969{

Wittrock, 1969) and each component should be evaluated‘separateiy .
(Cook, 1951; Flanagan, 1969). g

S. Markle (1967) and Wittrock (1969) expressed concern for ihe
lack of reported data used to describe the characteristics of the

intended population and/or the learners who were utilized during the

© i—s e
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formative evaluation of instructional systems. It has been recommended
that alternate forms of the evaluation instrument be prepared and that
the learner be allowed to take a criterion-referenced test as many
timcs as required to achieve the standard of performance specified
(Bloom, 1968a, 1969; ilayo, 1970). Eraut (1967) and Silberman and
Carter (1965) recommended that where behavioral objectives are sequen-
tially dependent that mastery must be attained by a learner before he
is allowed to attempt subsequent behavioral objectives.

Green (1967) and Moxley (1970) concluded that variability in
learner performance is attributable to the relative inefficiency of
the instructional materials. Selection procedures of learners, the
lack of required prerequisite behaviors by learners, and problems
related to learner motivational or emotional problems were identified

as other possible sources of variation in learner performance (Deterline,

1967).

Behavioral Objectives

Mager's (1962) definition of behavioral objectives was selected
as an adequate definition of the term. Wittrock (1969) suggested that
more complete descriptidns be made of the conditions under which the
learner's behavior would be evaluated.

The need and rationale for stating educational goals in terms
of learner performance has been thoroughly discussed by Gagne’(1965a &
1968a) and Tyler (1949;(1951; 1964). Research studies have reported
direct benefits, in terms of learner performance, from simply stating
the desired behavioral objectives and then emphasizing the attainment of

those objectives (Mager, 1968b; ilager & McCann, 1961; !icNeil, 1966;
Wittrock, 1962).
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Two major problems have been identified in relation to behavicral
objectives: (1) How to evaluate the behavioral objectives, and (2) &
rationale for establishing a standard of performance. Scriven (1967)
recomnended that external judges be used to evaluatc the relative
importance of the behavioral objectives and the congruence between the
test items and the behavioral objectives. iloxley (1970) identified
the receiving system as a potentiai judge in the evaluatisi o chavi-
oral objectives. In terms of a preservice teacher educatiun “rogran,
the public schools would be used as a judge in the cvaluation of (he
behavioral objectives of the program.

There appears to be three alternatives for establishing stan-
dards of performance: (1) insist upon near perfect master: {areen, 1967),
(2) select an arbitrary minimum standard {Deterline, 1357), or {(J)
develop a rationale for sctting standards of performance (Davis, 1351).
An adequate standard of performance was identified as one which when
achieved by a learner would successfully predict that he would answer

a1l remaining items correctly (Davis, 1951).

Test Items

System models for design of instruction and mastery moc:ls
each 1déntify the first concern in evaluating test items, which is to
establish the content validity of the item (Bloom, 1968a; Cronbach,
1963; Ebel, 1956; Husek, 1969: Popham & Husek, 1969; Tyler, 1949,
Wittrock, 1969). lhen test items are aerived directly from statements
of behavioral objectives, as they are in a system model tor desiun of

instruction, the content validity of the item has been established.
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After the item format and sample test situations have been
agreed upon, the next step is to start the construction of a pool of
homogeneous test items (Hively, 1970; Lundin, 1970; Tyler, 1967).
Hively (1970) and Lundin (1970) reported procedures that they have
utilized for the generation of pools of homogeneous test items for
the field of mathematics.

Empirical testing of test items, using both individual and
small group procedures, has been recommended by Tyler (1949). The
method of scoring the performance of a learner should be made as
objective as possible (Bloom, 1969; Lindvall & Cox, 1969; Tyler, 1949;
Wittrock, 1969) and the basis of scoring should be made known to the
learner (Wittrock, 1969). Evans (1968) recommended the use of multiple-
choice type items whenever possible and contended that the ultimate
operational definition of the instructional system's objectives is the
posttest used to evaluate the learner's performance.

Cox and Vargas (1966), Glaser and Cox (1968), Hills (1970),
Husek (1969), Moxley (1970), Popham (1970), and Popham and Husek (1969)
have all expressed concern because of the lack of appropriate methods
of analyzing data from criterion-referenced measures of learner per-
formance. The suggested recommendations have been very general in
nature, such as: the proportion of learners passing an item should be
low on the pretest and high on the posttest (Glaser & Cox, 1968; Moxley,
1970), and a negative discriminator in an item pool should be carefully
analyzed (Popham & Husek, 1969). Specific procedures for item analysis,
based on the pretest-posttest design, have been discussed by Cox and




26
Vargas (1966) (e.g., pretest-posttest difference index) and Popham
(1970) (e.g., fourfold analysis of pretest-posttest learning states).

Instructional Material

The pretest-posttest design has been widely recommended and is
essential if learning is to be inferred from changes in the learner's
performance before and after interacting with an instructional system
(Deterline, 1967; Glaser & Cox, 1968; Lindvall & Cox, 1969; Lumsdaine,
1965; Provus, 1969; Tyler, 1949; Wittrock, 1969). The pretest-posttest
design is considered a minimal design by Tyler (1949) and additional
observations of the learner's performance were recommended to estimate
the retention of the performance.

When the only data available to an evaluator is from a pretest-
posttest design, it is exceedingly difficult to determine which element
of the instructional system should be revised. Provus (1969) described
a sequence of activities which were used in evaluating performance data
using the behavioral objective as the basic unit of evaluation.

The results of any evaluation of instruction, utilizing the one
group pretest-posttest design (Campbell & Stanley, 1963) must consider
each of the eight classes of extraneous variables, which affect internal
validity, as potential sources of change in learner performance which
might otﬁerwise be attributed to the instructional system. Baker (1969)
reviewed the current state of curriculum evaluation methodology and con-
cluded that in the preceding three years 1ittle empirical work had been

reported. The field of curriculum evaluation remained poorly defined.
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Environment

The environment of an instructional system includes the pro-
cedures and physical facilities required to accomplish the desired
interface betwaen the learner and the instructional resources. Bloom
(1968a) recognized the need for more than a simple description of the
environment when reporting the evaluation of instruction. The need
for a clear statement of the assumptions made concerning the instruc-
tion system was first noted by Tyler (1967). Total time available to
the learner, resources, sequence of instruction, and the decisions
and emphasis concerning the elements of the instructional system were
identified as representing the type of information which should be
included in evaluation reports (Wittrock, 1969). Dick (1968) suggested
that general subjective type information from learners concerning
relatively small segments of instruction would be useful in formative
evaluation of instructional systems.

In the past, the application of evaluation techniques and
research design to the formative evaluation of an instructional system
have been, for the most part, theoretical rather than practical. Recent
studies by Dick (1968), Hagerty (1970), D. Markle (1967), and Short, et
al., (1968) report the results of actual developmental and evaluation
studies of instructional systems. The recent work of Stuffiebeam (1968,
1969) and Wallace and Shavelson (1970) provide much more detailed

descriptions of the logical structures of evaluation designs which are

appiicable to the formative evaluation of instructional systems.
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Indfvidualized Instruction

There does not exist at this time a universally accepted defini-
tion of the term “individualized instruction.” Flanagan (1967, 1968)
presented four methods by which instruction could be individualized.
These included (1) establishment of alternative behavioral objectives,
(2) placement of students into the program based on their entry behavior,
(3) development of alternative methods of instruction, and (4) pro-
vision for each student to progress through the instructional program
at his own rate.

Two of the better known examples of individualized instruction
programs are the Duluth Program (Esbensen, 1968) and the Individually
Prescribed Instruction (IPI) program at the Oakleaf School (Cooley &
Glaser, 1968). The IPI program determines the course of study and the
goals related with the course of study. The student is then offered
a limited choice of materials and/or methods for attaining these goals.
The instruction prescribad vor a student in the IPI program is decided
by an instructor on the basis of the student's demonstrated achievement
level. Esbensen (1968) made the point that individualized instruction
and independent study are not synonomous terms. The amount of indepen-
dent study incorporated in an individvalized instruction program depends
upon the ability level of the students invoived and the requirements
estabiished by the stated behavioral objectives. Both the individualized
instruction programs are characterized by the inordinate amount of paper
work required to manage the {nstructional system. Both the Duluth and

the IPI programs initially involved the use of non-automated, paper and
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pencil type information management systems (Cooley & Glaser. 1968;

Esbensen, 1968).

Instructional Packages

The transition from traditional to individualized instruction
has been seen by Diamond (1968), Loughary (1968b) and Ubben (1970) as
the major impetus for the development of instructional modules or
packages. Diamond (1968) anticipates that within every discipline,
series of self-contained instructional modules will represent the con-
tinuum of instruction. Instructional packages or systems have been’
developed as supplementary materials but there appears to be growing
interest in the development of complete instructional systems for
specific areas of study (Loughary, 1968b). Ubben (1970) identified
several different names being used to identify instructional packages:
contracts, IPI, Learning Activity Package (LAP), Teaching Learning
Unit {TLU), and UNIPAC. The common elements of the instructional
packages were identified by Ubben (1970) as:

Each is a set of teaching-learning materials.

Each package focuses on a major learnable idea, skill or
attitude.

Objectives are clearly stated in behavioral terms, shifting
the emphasis for performance from the instructor to the learmer.

Each package relies heavily on the use of learning resources
which can be student-operated, allowing the student to obtain
information and direction without the constant attention of the
teacher.

Each package attempts to use a variety of media components to
provide variation in instructional modes. . ‘

Each package has student evaluative devices including pretests,
student selftests and posttest (p. 31-32).
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Educational Technology

The national conference sponsored by Designing Education for
the Future: An Eight-State Project clearly documented the scope of the
problems of effectively utilizing technology in education and the
potential payoffs if it can be accomplished (Morphet & Jesser, 1968).

In the past, the concept of educational technology has been related
to hardware (i.e., slide projectors, television, computers, etc.).
Racently Gagné'(1968b) and Bright (1968) among others have proposed
that educational technology be viewed as a process which centers on
the systematic design of instruction.

Educational technology, as it relates to instruction, is defined
for this study as the processes required to design instructional modules
(1.e., system models for design of instruction) and the hardware required
to support the implementation of the instructional modules (i.e., instruc-
tional support system). Within the context of this study, a system
model for design of instruction is used to produce the instructional

modules and the computer and audio tapes are two principal componenis of
the instructional support system used to implement the instructional
nodulesbin a self-instruction cnvironment. Previous uses of conputafs
and audio tapes in instructional activities are reviewed in the following

sections.

Compyters
Silberman (1969) and Silberman and Filep (1968) included instruc-

tion, research and development, an .=-...ement as three operational
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applications of computers to education. There are many computer-managed
instruction programs that have incorporated features other than record
keeping as part of the management systems. Many of the projects are
still in the developmental stage and their ultimate configurations have
not been finalized. Morgan (1969) has classified the following as com-
puter-managed instruction (CMI) projects:

Harry Silberman's work with the Southwest Regional Educational

Laboratory and the Los Angeles Public Schools; Robert Glaser

of the University of Pittsburgh working with the Oakleaf

School in Pennsylvania; Donald Torr of Sterling Research Insti-

tute; Don Tosti of Westinghouse Learning Corporation 2nd

Alexander Schure of New York Institute of Technology all of

whom are working with the U;§. Naval Academy. All of these

projects are sponsored by the U.S. Office of Education. Another

large project involving CMI is headed by John Flanagan under

the sponsorship of the American Institute for Research and

Westinghouse Corporation (p. 100.).
forgan (1969) concluded that the similiarities of the CMI projects--
(1) the design of learning interventions based on carefully stated
behavioral objectives and (2) the mediation of the computer betwesen
the student, his performance on behavioral gbjectives and the inven-
tory of instructional resources related to the objectives--are greater

than their differences. The structure of a CNl system written in

- FORTRAN programming 1angua9¢. which has been implementad in a public

school, was described by Steffenson and Read (1970).

The potential of the computer as an instructional materials data
bank or computer-based instruction was discus}ud by Loughary (1968a).
Blanchi and Burr (1970), Clayback (1970), Cross (1970), and Etsele (1970)
report the operation . ..l systems and research conducud utiltzi~> the
instructional materials produced ‘b,y the conputer systess. i’ha research

)
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studies typically report no significant difference in learner perform-
ance (Cross, 1970). The successful application of computers to education
depends on the assignment of tasks which are matched to the characteris-
tics of the computer which the computer is uniuely cr best capable of

accomplishing (Muller, 1968).

Audio_Tapes
Wendt and Butts (1962) cited five studies which indicated no

significant differences in the instructional effectiveness of tape-
recorded instruction when compared to conventional lecture presentation,
and one study with differences in favor of conventional lecture presen-
tations. Popham (1961; 1962) used tape-recorded lectures augmented by
brief instructor-led discussion groups in both graduate and under-
graduate education courses. When the experimental group was compared
with a group taught by conventional lecture and discussion methods,

no significant differances in achievement were found. Meene, Hannum.
Klingensmith, and Nord (1969) confirmed and extended Popham's previous
findings. Tape-recorded lectures, not augmented by group discussions,
were reported to be as effective as traditional lecture presentation in
~supplying information td totlege undergraduates. The study alsc indi-
cated that only 5 students in the taped-lecture groups dropped the course
’is coepared té 58 students in the conventional lccturg groups . From the
study; it {s {mpossible to determine whether to attribute the lower num-
: ber of dropouts in the course to the method (e.q., taped lectures) selec-
tion process (e.9., volunteers) or possidly some unidentified variable.
The students’ reactiéns.te~tho taped lectures were described as generally

favorable.

e e e e e v e e .y e —




A

T e e T ey, v

KX

Innovations in Education

Rogers' (1962) observation that the average American school lags

25 years behind the best practice was supported by studies of educa-
tiona) change conducted by Hort (1964) and Mort and Cornell (1941). The
early perfods of educational change are &ﬁiracf;gﬁzed‘by activities
which serve to sensitize and motivate individuals and gfonps to change.
The early period of educational change is thought to last approximately
15 years and results »%’ri fmm only 3% to 4% of the school systeu&' having
acceptad 8 new practice (Mort, 1964). | ‘_ o
mpwn‘s (1961) description of tha techmloqy of imtrucﬁoa.

H«:hnar,s 7(1_9.65) des_criptm of benavionl technology, and Kersh's
- {1965) ilitcription of ‘a process -for programming classrook instruction

'- are all vcry sinﬂar to the system models for design of instruction

which are curmtly being advocated. Because of the great sinﬂariu
between the procass of designing programmed instruction and the current
system models for design of instruction, it seems proper to use an
article by Skinner (1954) to mark the inception of the use of system
models for design of instruction. By using 1954 as the starting point
for the use of system models for the design of instruction, and applying
Mort's (1964) analysis of innovation in education, it wouid Be evident
that the first phase of change (e.g., 15 years) should be ending at this
time. The second phase of approximately 20 years should be marked

by a rapidly accelerated rate of acceptance and application of the new
practice with approximately 75% more schools having accepted the new

practice. The final phase of approximately 15 years '{s obsarved -to

ehoartur ), [ ——1 ol pad
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elapse before a new idea or practice is accepted by almost 100%
of the schools (Mort, 196%4). | |

By projecting tha modei of changé‘éiﬁ;-‘_-\s.ehted for the system mode}g
for design of instructiqﬁ;éthe sgécnd}pﬁ;se shou’d end approximately
1990 and the third phasg:aftef ihe close of the twentieth century.
0'Toole (1968) stated that the use of the “systems approach" and systems
analysis techniques in the design and development of instructional innc-
vations, use of technology to improve instruction and accommodate more
students and requiring students to assume a greater responsibility for
their education represent the three major trends of great significance
for higher education.

Moore and Heald (1968) concluded that innovation and change have
high and almost automatic credibility today because educators accept the
equation "change = good." Although resistance to change is currently
viewed as an unpopular stance, there are seven conditions under which it
is considered legitimate to resist change:

1. When the proposed change, however attractive, is unalterably
out of phase with exising sequences.
2. When the proposed change takes the school system past the

"point of no return" (PNR) without assurance that the new

conditions beyond PNR will be better than the old.

3. When the attractiveness of proposed change is a function of
an attractive but dissimilar environment.

4. When the economic consequence to existing programs is out of
proportion to the potential good to be derived from the
proposed change.

5. When the success of a proposed change is dependent upon

specialized personnel resources unavailable to the potential
adopter.
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6. When potential physical, psychological, or academic dangers
of great maanitude cannot og tested under controlled conditions.

7. When the pfo#csed’change will preciude or prolong a better
conceived and more permanent solution to the problem under
: considerationv(p. 117-118).

~ ilayhew {1967), in a Southern Regional Education Board monograph,
'dfkéct1y addreséed*tﬁé broblem of,implementing innovative changes in
the instructional programs of institutions of higher education. The
techniques and mechanisms for change discussed were not highly struc-
tured models for change but rather very generalized statements such as:

1. Innovation and change are not likely to come about unless
the need for them is clearly perceived (p. 36).

2. Perhaps the most important element in effecting changed
practice on the part of individual professors is to
contrive to have them hecome personally involved in a
movement which makes explicit to them the importance of
teaching . . . (p. 29).
3. If a teacher can be associated with others in some joint
undertaking he gains considerable strength from this and
seems willing to depart from orthodoxy ?p. 30).
4. . . . nothing succeeds like success (p. 40).
] The discussion of change strategy was concluded by Mayhew (1967) listing
the following six general principles related to the implementation of

change in the instructional programs of institutions of higher education:

! 1. . . . vigorous, stroig, and occasionally ruthless administra-
tive power is necessary (p. 44).
g 2. . . . all human beings, including faculty members, are

sufficiently venal so that it is possible to purchase
interest or to purchase loyalty (p. 45).

3. . . . leadership for innovation and change can be exerted
by almost anyone who begins to make the motions of a leader

(p. 45).
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4. . . . improvement requires time (p. 45).
5. . . . innovation is 1ikely to be encouraged if the institution
develops a sufficiently refined system of cost accounting
so that actual costs of instruction, as presently performed,
can be revealed (p. 46
6. In some way or other, the officer or agehcy for change

must build into the planning a provision for alleviating
faculty anxiety and insecurity (p. 47).

Summary
The survey of the literature clearly indicated:

1. .New models for preservice programs of teacher education have
been designed (Engbretson, 1969).

2. Individualization was a common element of the models for
preservice programs of teacher education (Monson, 1969).

3. Behavioral objectives stated for the models were comparable
with present course structure in the better teacher training instity-
tions (Silberman & Kooi, 1969).

4. Program support systems to design, construct and test instruc-
tional modules were omitted 1n most of the models (Silberman & Kooi,
1969).

5. System models for design of instruction have been shown to
result in instructional systems which significantly improve learer
performance (Hagerty, 1970; D. Markle, 1967; Short, et al., 1968).

6. Criterion-refereand measures are applicable to programs of

teacher education (Garvin, 1970).

e o i B —
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7. Evaluation techniques for use with mastery models and criterion-
referenced measures need to be developed and tested under actual instruc-
tional conditions.
8. Technology could be utilized more effectively to support instruc-

tional systems (Morphet & Jesser, 1968).
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CHAPTER III
SYSTEM MODELS FOR DESIGN OF INSTRUCTION

Three system models for design of instruction were analyzed
and compared on the basis of activities required to implement the
model. The models selected were: (1) "A General Strategy for the
Design of New Multimedia Courses of Instruction," based on Briggs
(1968, 1970) and Briggs, et al., (1967), (2) "Model for the System
Approach to Education," based on Dick's (1969) and Hagerty's (1970)
further delineation of the step§ involved, and (3) the Production,
Implementation, Evaluation and Revision of Instructional Modules (PIERIM)

model.

Explication of the PIERIM lodel

The PIERIM model for design of instruction involves four phases
of systematic interaction between an instructor (e.g., subject matter
expert) and an educational technologist for the purpose of designing
sel f-instructional modules (see Figure 2). The foliowing explication
of the PIERIM model is divided into the four phases:

Phase 1--Design of Instructional Modules

Phase 2--Implementation and Evaluation of Instructional Modules
in a Conventional Classroom Environment

Phase 3--Revision of Instructional Modules and Tests
Phase 4--Implementation and Evaluation of Instructional
Modules in a Self-Instruction Environment.

38
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Phase 1--Design of Instructional

Modules \

The design of instructional modules is accomplished through the

planned interaction between an instructor and educational technologist

for the purpcse of specifying: (1) content classification/identifier,

(2) purpose, (3) behavioral objective, (8) test situation, and (5)

resources for each of a set of observable learner behaviors that are

expected to have occurred upon compietion of a traditional series of

lecture presentations and classroom activities. The activities required

are identified for the Instructor (I) and Educational Technologist (T),

as.
1. (I)
2. (1)
3. (1)
4. (T)
5. (T)
6. (I)
7. (1)
8. (I)
9. (T)
10. (T)

.Select the content area. .

Write a Jetailed outline of the content area.
Verbally state learner competencies to be developed.
Write behavioral objectives.

Write sample test item for each behavioral objective.

Verbally state the purpose for the learner achieving

- each’ behavioral objective.

List resources for each behavioral objective.

Categorize each behavioral objective with the content
outline,

Write instructional module fur each behavicral objective.

Write avaluation instrumenis.

The instructor, within the PIERIM mode!, has the final authority with

respect to changes in instructional modules and/or test items. The

educational technologist is expected to ask the instructor for the

basis on which his decisions are@ made but the¢ ul:imate responsibility
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and authority within the model is assigned to the instructor. A flow
chart (see Figure 3) depicts the activities associated with Phase 1--
Design of Instructional Modules of the PIERIM model.
Phase 2--Implementation and Evaluation

0f Instructional Modules in a Conven-
tional Classroom Environment

The implementation of the instructional modules in a conventional
classroom environment is designed to provide an opportunity for: (1)
tape recording of the instructor's lectures, (2) subjective learner
evaluation of the clarity and congruence among the description of
purpose, behavioral objective, and test situation for each instructional
module, (3) refinement of resources by the learners through the inclu-
sion of chapter and page numbers, (4) subjective learner evaluation of
resources, and (5) identification, by the learners, of additional
resources related specifically to the instructional modules. The eval-
uation of the instructional modules represents a formative evaluation
which is based on the learners' pre- and posttest performance. The
activities required during Phase 2 are identified as:

11. (1) Administer pretest.
12. (T) Prepare summary of learner performance on pretest.

13. (1) Implement instructional modules in a conventional
classroom environment.

14. (1) Tape record the lectures and classroom activities.
15. (I) Administer posttest.

16. (T) Prepare summary of learner performance on posttest.
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Phase 3--Fey'st1on 1f Instructional
foduTes

Tae re.ision of each instructional module is based on the

Tearners' (1) subiective evaluation of the clarity and congrueice among

the stated: ourpose, behavioral objective and test situation, (2)

nerformance on evaluation exercises, and (3) identification of additional

resources and/or refinement of existing resources. The activities

required during Phase 3 are identified as: ’
17. (T} Revise instructional modules. -
18. (7} PRevise evaluation exercises.

Phase 4--Inpiementation and Evaluation

0f Instructiona! .'odules in a Self-
[nstruction Tnvironment

Trnig nrase of the PIERIM model represents the first implementa-
tion of the instructional modules in a self-instruction environment for
which they are designed. The time and instructional modules represent
fixed variables in that each learner receives each instructional module
and is expected to complete them within a fixed amount of time
prior to the posttest.

The evaluation represents a formative evaluation of the instruc-
tional modules which is based on the learners' performance on the pre-
and posttest. A portion of the instructional modules (i.e., those
evaluated dv myltiple choice test items) are implemented in a self-
instructinn environment and the remainder of the instructional module
(i.e., those evaluated by the instructor) are implemented in a conven-

tional environent. For each instructional module, if the learners’
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performance is judged to be satisfactory (i.e., a specified proportion

of the learners achieve the specified standard of performance), then the

instructional module is not revised a second time. For each instruc-

tional module judged to be unsatisfactory, the cycle of revision, imple-

mentation in a seli-instruction environment and evaluation is repeated

until the specified propertion of the learners achieve the standard of

performance.
19. (1)
20. (T)
21. (1)
22. (1)
23. (T)
28. (1)
25.

The activities required during Phase 4 are identified as:
Administer pretest.
Prepare summary of learner performance on pretest.

Implement instructional modules in self-instruction
environment.

Adninister posttest.
Prepare summary of learner performance on posttest.

Implement instructional modules, evaluated by
instructor, in conventional classroom environment.

Repeat steps 17 through 24 until each instructional module
achieves the standard set for the instructional system.

Analysis of Three System llodels
or Design of Instruction

Each of the system models for design of instructio. {(i.e., Briggs,

Dick and PIERIM) are analyzed in terms of: (1) assumptions upon which

the model is based, (2) personnel required to implement the model, (3)

intended leve! of application, (4) level of analysis, and (5) activi-

ties required to be completed in the implementation of the model.
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PIERIM Hodel

Assumptions
The PIERIM medel for design of instruction is predicated upon

five assumptions:

1. Performance-based teacher training programs require a variety
of instructional systems, one of which could be concerned pri-
marily with enabling learners to master relevant cognitive
skills.

2. A significant portion of the cognitive skills which comprise
existing preservice teacher training programs is applicable
in performance-based teacher training programs.

3. The instructor is a subject matter expert.

4. The instructor is primarily a selector rather than a designer
of instruction.

5. Existing system models for design cf instruction are best

suited for design of instruction rather than selection of
instruction.

Personnel Required

The model specifically states that an instructor who is con-
sidered to be a subject matter expert and an educational technologist
are required to implement the model. Each activity associated with the
implementation of the model specifies which of the two persons is respon-
sible for the accomplishment of the activity.

The educational technologist is assumed to have demonstrated his
competence by either actually implementing a system model for design of
instruction or having completed a course related to the application of
system models for design of instruction with a grade of either A or B.

Gagne (1969) identified five categories of intellectual skills which are
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desirable for an educational technologist: analyzing learning outcomes,
techniques of measurement of outcomes, constructing empirica: tests of
learning outcomes, statistical competence, and communication skills.
The PIERIM model operationally defines the set of activities the edu-
cational technologist must perform to implement the model. These skills
can be primarily categorized under Gagné's scheme:

1. Communication skills--The educational technologist is required
to communicate with the instructor, interpret the instructor's verbal
description of the objectives of the course and translate the course
objectives into a set of instructional modules.

2. Techniques of measurement of outcomes--The educational tech-
nologist is required to design methods of evaluating the desired out-
comes of the course.

3. Constructing empirical test of learning outcomes--the educa-
tional technologist is required to construct/select the actual test
situations to evaluate the learning outcomes specified.

4. Statistical competence--the educational technoiogist is required
to analyze the learner's performance and interpret the results to the
instructor. Couwpetenc. in paiwiceric and non pavame*iic statistics is
desirable.

In addition to the categories of intellectual skills described, the
educational technologist is required to be competent in the production,
testing, and modification of computer programs written in FORTRAN IV

programming language.
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Level of Application

The PIERIM model is designed specifically for application to
existing courses of a preservice program of teacher education. The
maximum level at which the PIERIM model is designed to operate is the
course level. Any course, or portion thereof, may be selected and the

PIERIM model appropriately applied to the unit of instruction selected.

Level of Analysis

Instructional modules are defined as statements which contain
the following i-formation: (1) content classification/identifier, (2)
purpose, (3) behavioral objective, (4) test situation, and (5) resources
(after Esbensen, 1968). The instructional module is the basic unit

produced through the application of the PIERIM model and the basic unit

of analysis and revision.

Activities
The following activities are required to implement the PIERIM

model :

1. Select the content area.

2. MWrite a detailed outline of the content area.

3. Verbally state learner competencies to be developed

4. MWrite behavioral objectives.

5. Write sample test item for each behavioral objective.

6. Verbally state the purpose for the learner achieving each
behavioral objective.

7. List resources for each behavioral objective.

SRt e
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9. Write instructional module for each behavioral objective.
10. Write evaluation instruments.

11. Administer pretest.

12. Prepare summary of learner performance on pretest.

13. Implement instructional modules in a conventional ciassroom
environment.

14. Tape record the lectures and classroom activities.
15. Administer postitest.

16. Prepare summary of learner performance on posttest.
17. Revise instructional modules.

18. Revise evaluation exercises.

19. Administer pretest.

20. Prepare summary of learner performance on pretest.

22. Administer posttest.
23. Prepare summary of learner performance on posttest.

E 24. Implement instructional modules, evaluated by instructor, in
a conventional classroom environment.

25. Repeat steps 17 through 24 until each instructional module
achieves the standard set for the instructional system.

A General Strategy for Design of New
MuTt{-media Courses of Instruction

This analysis of the system model for design of instruction is

based on Briggs (1968, 1970) and Briggs, et al., (1965). The model is

represented in a flow diagram (see Figure 4).

8. Categorize each behavioral objective within the content outline.

21, Implement instructional modules in self-instruction envircnment.
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Assumptions

sviggs' (1970) model is based on three assumptions:
1. Gagne's (1965) types and conditions of learning.

2. Predesigned instruction is better than instruction produced
by selecting from existing resources.

3. Education and industry need to establish a new relationship
for the design and production of instructional materials.

Personnel Required

No particular specialist is identified with each of the activi-
ties required to implement the model. Individuals have implemented the
model for limited segments of instruction. These individuals have been
enrolled in a course in instructional design taught by Dr. Briggs at
the Florida State University. It may be assuméd_that a team of experts

would generally be required to implement the model on a large scale.

Level of Application
The model is specifically intended for the design of new multi-

media courses. Maximum reliance on se1f-1nstructiona1 materials and
media is encouraged but the model provides for either individualized or
group instruction. A special form of the model was used as the bid |
specifications for the Naval Academy project. The Naval Academy project
involves the design and implementation of university IQVQI\COurses in

an individualized instruction environment.

Level of Analysis
Behavioral objectives are analyzed into Subordinate compatencies

and the behavioral objective and subordinate competencies are sequenced
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according to Gagné's (1965) types of learning. The media prescriptions

are written for each subordirate competency.

1.

o s W N

10.

Activities

State objectives and performance standards.

Write test items for each behavioral objective.

Analyze behavioral objectives for structure and sequence.
Identify assumed entering competencies.

Prepare pretests and remedial instruction.

Select media and write prescriptions.

Produce instructional materials in the media chosen.

Conduct individual or small group field tests of instructional
materials, and revise instructional materials on the basis of
learner performance.

Implement the course,

Evaluate learner performance and revise course on the basis of
learner performance.

Model for the Systems Approach to Education

The analysis of the system model for design of instruction is

based on Dick‘s (1969) and Hagerty's (1970) further delineation of the

Steps involved in the model. The model is represented in a flow diagram

(see Figure 5).

Assumptions |

There are no assumptions explicitly stated concerning the model.
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Per.onnel Required
There are not any specific specialists identified with each of

the activities required to implement the model. The model has been
implemented by both individual learners and teams of four or five
learners for the purpose of designing a 1imited segment of programmed
instruction. The materials were developed as part of a graduate course
in programmed instruction. The course has been taught at The Florida
State University in conventional classroom environments and under a

computer-managed instruction environment.

Level of Application

The model was originally designed to be implemented in connec-
tion with the development of programmed instruction. Although instruc-
tional materials at the level of a course or less have been developed
through the implementation of the model, there is not a theoretical
limit to the magnitude of the educaticnal problem to which the model
could be applied.

Level of Analysis
Terminal performance tasks are analyzed into subordinate compe-

tencies. Behavioral objectives are derived from the subordinate com-

petencies and then the behavioral objectives are sequenced on the basis

- of a hierarchially derived sequence,

Activities
1. Tdentify the problem or content area.
2. Analyze the structure of the problem.
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[P

List entering skills and knowledge assumed as prerequisites.

4 Write behavioral objectives and test items for each behavioral
objective.

5. Sequence the behavioral objectives.

6. Select media for behavioral objectives and produce the instruc-
tional materials.

7. lmplement the instructional materials.
8. Evaluate learner performance.
9. Revise instructional materials and any preceding steps on

the basis of learner performance.

Comparison of the System [dodels
for Design of Instruction

Origin of the Models

Each of the three models evolved from distinct areas of concern:
Briggs' model from problems related to the pre-design of materials spe-
cifically for objectives, Dick's model from problems related to the
design of programmed instruction, and PIERIM mode! from the identified
lack of instructional materials to support an individualized preservice
teacher training program. Briggs' model was determined to be oriented
exclusively to an analysis of learner behaviors while Dick's model and
the PIERIM model consider learner behavior within the constraints of

the content area selected.

Assumptions
Briggs' model and the PIERIM model are both based on specific

assumptions. Each model makes assumptions which serve as a rationale
for the development of the model. The PIERIM model also makes specific

assumptions concerning the role and academic qualifications of the
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instructor. Briggs' model is the only model which makes any assumptions
related to iearning {i.e., Gagne's types and wonditions of learning).
The types and conditions of learning are then used as an integral part
of Briggs' model. Briggs' and Dick's models are primarily concerned
with design of new instructional materials and the PIERIM model is

explicitly a selection mndel for design of instruction.

Personnel Required

Both Briggs' and Dick's models have been implemented by indi-
viduals and teams of experts. The competencies required to successfully
implement either model must be derived from the author's description
of the activities required to implement his model. The PIERIH model is

the only one of the three models reviewed that is designed as an inter-

active model with each activity assigned to either the instructor or

the educational technologist.

Level of Application

Each of the models is intended for application at the course
level and could be applied to any subportion of a course. Briggs' and
Dick's models could theoretically be applied to the design of instruc-
tional systems at any level of organization and Dick's model has been
demonstrated to be applicable tc educational problems other than design
of instruction. The PIERIM model is intended for application only where
existing courses are to be transformed into instructional modules which

could be utilized in a self-instructional environment.
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Level of Analysis

The most detailed analysis of learner competencies is explicitly
required by the Briggs model which requires media prescriptions at the
instructional event l-vel for each subordinate competency of behavioral
objectives. Dick's model requires the analysis of subordinate compe-
tencies for the steted behavioral objectives but media selection is
not explicitly required at each of the subordinate competencies level
of analysis. The PIERIM modei does not require the analysis of
behavioral objectives into suberdinate competencies. The behavioral
objective is the smallest unit of analysis and existing materials are
then selected which will hopefully enable the learner to achieve the

stated level of competency.

Activities

Each of the three models defines the instructional problem by
different methods. Briggs' model assumes the existence of higher order
educational goals which are then analyzed in terms of learner compe-
tencies required to achieve a higher order educational goal. Dick's
model explicitly requires the statement of the problem, primarily in
terms of the content to be developed or preferably in térms 0f desired
terminal performances. The PIERIM model explicitly requires the instruc-
tor to specify the content to which the model will be applied.

Each of the models requires the statement of behavioral objectives
in terms of observable learner behaviors, and test items written directly

from the stated behavioral objectives.
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The inclusion and/or placement of the task analysis differs for
each of the models. Briggs' model starts with the statement of behavioral
objectives for more general needs and then analyzes the behavioral
objectives into their subordinate competencies. Dick's model, on the
other hand, starts with a statement of the problem in terms of desired
terminal performance and the task analysis describes the content in
terms of learner competencies required to master the specified perfor-
mances. The learner competencies are then stated in terms of behavioral
objectives. The PIERIM model does not include a task analysis of
either the content or learner behaviors. A detailed content outline is
substituted for the task analysis.

Briggs' and Dick's models each require the specification of the
entering learner competencies assumed as a prerequisite for the course

which would be developed utilizing their models. Briggs' model pro-

“vides for the development of tests and instructional materials for the

prerequisite behaviors. When learners do not possess the assumed compe-
tencies, Briggs' model identifies the alternative courses of action
which are available to the instructional designer. The PIERIM model does
not require the specification of the assumed prerequisite learner com-
petencies that are associated with the instructional materials that are
developed.

Behavioral objectives in the Briggs model are sequenced primarily
on the basis of larger needs analysis or organization of the course into
several levels of objectives followed by an analysis of each behavioral

objective as to the type of learning (Gagne, 1965) represented by the
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stated behavioral objectives. A logical analysis of the content sequence
is considered an alternative, but less desirable, basis on which to
sequence behavioral objectives in both Briggs' and Dick's models. The
behavioral objectives are subjectively sequenced by the instructor,
within the constraints of the stated content outline, for the PIERIM

model .

gt ALK, A

Briggs' model represents the most extensive treatment of media
selection of any of the system models for design of instruction reviewed. ;
Media prescriptions are written separately for each useful event of the
subordinate competencies. The ultimate media selection attempts to

maximize the general and specific conditions of learning required to

$nnnd L] L[]

achieve a specified set of learner competencies with a minimum amount
of media changes. Media selection within Dick's model is generally
accomplished at the behavioral objective level. The PIERIMN model selects, "
from all existing media, instructional materials which will hopefully
enable a learner to achieve a specified behavioral objective. The pri-
mary media considered are printed materials and audio tapes.
The ability to produce the instructional materials, in the media
specified by the model are implicit assumptions of both Briggs' and
Dick's models. Most of the applications of Dick's model, in connection
with graduate courses at The Florida State University, have resulted in
the production of printed programmed instruction. Implementation of
Briggs' model, by graduate students, has resulted in the production of
instructional materials in the media prescribed by the media prescriptions. ;;

The PIERIM model requires the production of instructional m{terials in Ii i

)
[
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only two media: printed materials and audio tapes. An instructional
module is printed for each stated behavioral objective. The Instruc-
,tional Support System (ISS) was developed specifically to produce the
-Printed materials required to implement the PIERIM model.

The first formative evaluation of instructional materials is
accomplished by: individual or small group field tests, in Briggs'
model; implementation of instructional modules in a conventional class-
room environment, in the PIERIM model; and small group field tests of
the entire unit, in Dick's model. The instructional materials and/or
any preceding steps are revised on the basis of learner performance.

| Each of the models subsequently implements the total course,
under the actual conditions in which the course is designed to operate.
The implementation-evaluation-revision cycle continues until the desired
level of learner performance is achieved by each element of the course,
hnd the course in toto. A cost/time decision can also be made to stop
the process at a predefined level.

The major activities of the three models for design of instruc-
tion, Briggs, Dick, and PIERIM, are compared (see Table 1) for the
purpose of identifying potential weaknesses in the instructional modules

produced as a result of implementing the PIERIM model.

Implications for the PTERIM MODEL

ki The comparison of Briggs' and Dick's models for design of instruc-
y tion with the PIERIM model identified each of the following as potential
A weaknesses in the instructional modules produced as a result of imple-

E menting the PIERIM model:
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TABLE 1.--Comparison of three .m<m§

models for design of instruc

tion

N

PIERIM

BRIGGS

DICK

(See Step 4)

1. State Objectives and
Performance standards

2. Write Test Items for
each Behavioral
Objective

3. Analyze Behavioral Objec-
and

tives for Structure
Sequence

1. State the Problem

2. Analyze the structure of
the Problem (i.e., Task
Analysis of Content)

3. List Entering skills and
knowledge Assumed as
Prerequisites

4. :1_8 Behavioral Objectives
4a Write Test 1tems for each
Behavioral Objective
(See Step 4a)

(See Steps 2 & 5)

1. Select the Content Area

2. Mrite a2 Detailed Outline
of the Content Area

3. Verbally State Learner
Competencies to be Developed

4. Write Behavioral Objectives

5. Write Sample Test Items for
each Behavioral Objective

6. Verbally State the Purpose
of the Learner Achieving each

Behavioral Objective

7. List Resources for sach
gehavioral Objective

8. Categorize each Behavioral
Objective within the Content

Qutline

A ——
.
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1. The relevance of the instructional module cannot exceed the
relevance of the subject matter content when compared to a specific
teacher behavior. System models for design of instruction (Briggs,
(1970; Dick, 1969) design instruction for a set of specific learner
competencies as contrasted to the PIERIM model which converts exist-
ing course content into a set of instructional modules. The content

validity of instruction designed for a specific teacher competency

using either Briggs' (1970) or Dick's (1969) model is established by
the procedures used to design the instruction. Procedures, external to

the PIERIM model, must be utilized to establish the content validity

of the instructional modules and/or the subject matter content from
which the modules were derived.

2. The instructional modules, in toto, might be insufficient
to achieve a specified learner behavior. Briggs' (1970) and Dick's
(1969) models provide for the analysis of terminal learner behaviors
into a set of subordinate competencies and revision of instructional
materials and/or any of the set of activities prescribed by the model
until the prescribed standard of performance is achieved. The PIERIH
mode! could produce a set of instructional modules, each of which was
capable of producing the desifed’change-in iearner behavior, but the
total set of instructional modules could still fail to achieve a spe-
cific learner behavior because of the existence of an unidentified
learner competency not contained in the subj(ct_nattar content fiom
which the modules were derived.

3. The instructional resources that are matched with an fnstruc-

tional mod.le could be inadequate to achieve the desired learner

R
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beshavior. Briggs' (1970) and Dick's (1969) models design instruction
for a specific learner behavior and the design-implementation-evaluation-
revision cycle continues until the desired standard of performance is
acnieved, The PIERIM model is totally dependent upon existing resources.
The maximum effectiveness of an instructional module produced through
the implementation of the PIERIM model is determired by the combined
effectiveness of existing resources. The actual level of effective-
ness 1s limited by the instructor's and educational technologist's
knowledge of the resources and/or sources of resources and their ability
to make the resources available to the learners.

The relevance of the instructional modules is considered the
most serious of the three potential weaknesses. Expert opinion was
chosen as the method to be used in determining the relevance of the
instructional modules developed in the present study for a preservice
teacher training program. Faculty members from the departments of
Elementary Education and Educational Research at The Florida State Uni-
versity were chosen to serve as the experts.

The deficiencies of the entire set of instructional modules, which

are implemented in the self instruction environment, will be identified

by th~ necessity for the instructor to present instruction related to

bchavioril_objectives which have not previously been identified. Addi-
tional behavioral objectives which the learners are required to master}
prior to achieving mastery on the set of instructional modules which
have been implemented in the conventional classroom environment w'll

subsequently be developed into instructional modules.




66

The inadequacies of existing resources will be indicated by the

learners' performance on the posttest being approximately equal to or
less than their performance on the pretest. Additional weaknesses of

the PIERIM model are expected to becume apparent during the actual

implementations of the model.




CHAPTER IV
IHPLEMENTATION OF THE PIERIN MODEL: PHASE 1 |

Introducticn
The implementation of the PIERII model, for a portion of
an undergraduate elementary education course, was conducted in order
to:
1. Determine the feasibility of implementing the model.

2. Refine the job descriptions for ti.e participants in the
implementation.

3. Estimate the cost of implementing the PIERIM model in
terms of personnel and materials.

4, Evaluate the learners' performance when utilizing the
instructional modules and tests produced using the PIERII
model.

5. Recommend the contents of training materials that could be 3
used to develop the skills identified for the participants
of the implementation.

The selection of the course and instructor, which occurred prior
to the impliementation of the PIERIM model, are discussed and then
the implementation of each of the four phases of the model is reported
separately. Each phase of the PIERIM model is reported in relation-
ship to:

1. Activities prescribed by the PIERII model.

Chronology of actual events.

. PIERIM model compared with the actual activities.

Summary of learner performance (i.e., Phase 2 and Phase 4).

o AW N

Cost analysis.

67
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A restatement of the activities prescribed by the PIERIH model
provides the framework within which the actuail activities, reported
in the chronology of events, are reviewed and evaluated.

The summary of learner performance for Phase 2 and Phase 4 of
the PIERIM model is limited to the following descriptive statistics
for the pre- and posttest: mean and standard deviation for the
total test, reliability (i.e., KR-20) of the total test, and the
mean and standard deviation for each instructional module. A more
detailed analysis of the learners' performance is presented in
Chapter VIII, Instructional Support System.

Cost estimates are based on the actual funds required to pay
for personnel, on an hourly rate basis, and for resources on an
actual consumption basis. An overhead rate of 18% is applied to
the total cost of personnel and consumable resources. The cost
factors are based on the salary and material costs applicable at
The Florida State University during the Spring quarter of the 1969-
1970 school year.

s g

From the set of 25 instructional modules which were developed as

bart of this study, an instructional module (i.e.., Reliability/
Factors Affecting) was selected for the purpose of describing and
documenting the activities associated with the implementation of the
PIERIM model.

Selection of Course

The selection of the course in which to implement the PIERIH

model was influenced by two artificial constraints:
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1. The course had to be offered for two consecutive quarters.

2. The instructional materials produced would be applicable to
the Florida State University Preservice Elementary Teacher
Training Model.

The course selected, EED 405--Classroom Organization and Pupil
Evaluation, satisfied both requirements and was a required course for

elementary education majors.

Selection of Instructor

Implementation of the PIERIM model is dependent upon obtaining
the cooperation of a member of the instructional staff. A1l staff
members scheduled to teach the selected course were advised of the
general nature and purpose of the PIERIM model. One of the five
instructors asked for more information concerning the PIERIM model
and clarification of the instructor's responsibility. The educational
technologist discussed the PIERIM model and emphasized the role of
the instructor and the nature of the instructional modules which
would be produced as a result of implementing the model. The in-
structor studied the model for one week, after which he stated that
he did not wish to participate in the study. The reasons given for
not participating were related to the perceived lack of compatibility
between the use of the instructional modules in a self-instruction
environment and the instructor's style of teaching (i.e., group
oriented discussion and activities) and the extensive use of the
tape recorder.

A graduate assistant in the Department of Elementary Education

was scheduled to assist one of the faculty members in teaching

b gl B - et i
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the course, Classroom Organization and Pupil Evaluation. A meeting
was conducted with the faculty member, graduate assistant and
educational technologist for the purpose of describing the PIERIM
model in greater detail. The faculty member had given the graduate
assistant primary responsibility for developing the instruction
for that portion of the course related to pupil evaluation. The
graduate assistant, henceforth referred to as the instructor, and
the educational technologist discussed the PIERII model and the
role of the instructor within the model. Subsequently the in-
structor agreed to participate in the implementation of the PIERIM
model. The assumption of the PIERIM model which considered the
instructor to be a subject matter expert was not considered to have
been violated. This conclusion is based on the formal courses,
related to evaluation and measurement, that the instructor had com-
pleted.

Attaining the cooperation of an instructor is a critical
activity in the implementation of the PIERIM model. Since the
implementation of the PIERIM model provides instructional modules
and related test items, learner performance data, and estimates of
time and costs required to implement the model, this information can
be used by the educational technologist in obtaining the cooperation
of instructors for future implementations of the PIERIH model and to
revise the activities prescribed by the model.

[
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Phase I--Design of Instructional odules

The design of instructional modules is accomplished through
the planned interaction of an instructor and an educational tech-
nologist for the purpose of specifving content classification/identifier,
purpose, behavioral objective, test situation, and resources for
each of a set of observable learner behaviors that are expected to
have occurred upon completion of a traditional series of lecture
presentations and classroom activities. The five categories of
information operationally define an instructional module. The
instructor, within the PIERIM model, has the final authority with
respect to changes made to the instructional modules and/or test
items. The educational technologist is expected to ask the in-
structor for the basis on which his decisions are made but the
ultimate responsibility and authority within the PIERII model is

assigned to the instructor.

Activities Prescribed by PIERIl llodel
The activities prescribed by the PIERIM model for Phase 1l--

Design of Instructional Modules are identified for the Instructor
(1) and the Educational Technologist (T) as:
1. (I) Select the content area,.
2. (1) Write a detailed outline of the content aroa;
3. (1) Verbally state learner competencies to be dﬁvolopod.
4. (T) Write behavioral objectives.
5. (T) MWrite sample test item for each behavioral objective.

6. (I) Verbally state the purpose for the learner achieving
each beha\ioral objective.

. c e o cem——
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7. (I)
8. (I)
9. (T)
10. (T)

72
List resources for each behavioral objective.

Categorize each behavioral objective within the
content outline.

Write instructional module for each behavioral

s RN e 4 R

objective.

Write evaluation instruments.

Chronology of Events

The activities related to Phase 1--Design of Instructional
HModules were documented through the evolution of written materials
and the use of audio tapes made for each work session. The activities
are reported in their actual order of occurrence. Each activity is
identified as to date, personnel involved, time estimate and a des-

cription of the activity.

ot Gmm GEg Gy emy Sy IR N
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The time reported is the total time re-

quired to develop the entire set of 25 instructional modules.

DATE
12/12/69

1/09/70

1/14/70
1/14/70
1/15/70

115770

1/18/70

PERSONNEL TIME/HR. ACTIVITY

T 1.0 Discuss the PIERIH model with

instructor
18T 5 Discuss the PIERIM model with
instructor :

I 1.2 Outiine content area

1&°T7 4 Conduct Work Session - 1
1 9 Verify scope of content area
- outline | .

T 1.0 Review tape of Work Session - 1
Prepare questions for next work
session

T 2.0 Write behavioral objectives

Write/select test items for .
behaviorzl objectives -
Write content area outline

R




DATE
1/19/70
1/20/70
1/21/70
1/22/70
1/23/70

1/23/70

1/26/70

2/01/70

2/02/70
2/02/70

2/03/70

2/03/70

2/04/70

2/04/70

2/04/70

2/04/70
2/05/70
2/05/70

PERSONNEL
I1&T
T
I
1&T

1&T7

1&7

TIME/HR.
7
1.5
1.5
g
1.4

4.0

3.4

1.5

3.0
5.0

3.5

1.4

2.0

l.s
.‘
1.0
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ACTIVITY
Conduct Work Session - 2
Review tape of Work Session - 2
Analyze contents of required text
Conduct Work Session - 3
Review tape of Work Session - 3
Prepare questions for next work

session

Select test items by content area
from test item pool

Write behavioral objectives
Write/select test items to match
behavioral objectives

Review content outline in terms of
congruence of behavioral objectives,
test items, and text material
Conduct Work Session - 4

Review tape of Work Session - 4
Prepare questions for next work
session

Write behavioral objectives

llatch, modify and/or write test
items for behavioral objectives

Write first draft of instructional
modules - ;

Conduct Work Session - 5

Review tape of Work Session - §
Prepare questions for next work
session

Sequenée instructiona) modules

Conduct Work Sessfon - 6

Review tape of Work Session - 6

Prepare questions for next work
sess ion




DATE PERSONNEL TIHE/HR, ACTIVITY

2/06/70 T 1.6 Sequence test items for pretest

2/06/70 I .7 Review scope and sequence of
instructional modules

2/07/70 T .3 Proofread pretest

2/07/70 T .8 Write introduction to unit

2/07/70 T 1.3 Design forms for use by the
learners

2/09/70 I1&T 4 Conduct Work Session - 7

2/09/70 T .5 Review tape of Work Session - 7

2/10/70 Iarv .5 Conduct Work Session - 8

2/10/70 T .5 Review tape of Work Session - 8

The accuracy of the chronology of events as to the date of the work
sessions and the activities which occurred during each session was made
possible by the practice of tape recording each of the work sessions.

The tapes of each work session were reviewed by the educational tech-

nologist in preparation for the subsequent work session.

PIERIM Mode! Compared with the
Actual Activities

The sequence of activities»dhring Pha;e 1 -- Design of Instrug- ‘
tional Modulés was not as distinct as the flow chart (see Figuroi3)
would indicate. Based on the experience gaiﬁed'from implementation of
the PIERIM model, one additfqnaikactiv{ty was identified for the |
~ instructor (1;e.. evaluate behavioral bbjectfves and test iﬁens). The
rﬁsponsibiIi:y for categorfzing the beh&vioral Objectivés within the
content outline was assigned to the educatfonal technoiogisf. The‘»

activities were determined to have typically occurred as shown in Figure 6.

t
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The evolution of the unit outline is presented (see Appendix A)

in three stages: 1) the original course outline, 2) an interim unit

outline, and 3) the final outline included in the learners' set of

instructional materials. The first edition of the instructional T
module and test items which relate to Reliability/Factors Affecting i
(see Appendix B) is representative of the set of instructional modules E
ard test items developed as the result of implementing Phase I-- -
Design of Instructional Modules of the PIERIM model. The set of instruc- .
tional materials which were given to each learner included: j

1 Introduction -

»

1 Qutline of Evaluation Unit

16 Instructional modules which specify that multiple
choice test items will be used tc evaluate learner
performance

9 Instructional modules which specify that the instructor
will evaluate the learners' performance by either short
constructed responses or problem solving exercises.

2 Tables

5 Forms for the learners' use.

The titles of the 25 instructional mouules are presented in Table 2.

01d examinations and test item pools were determined to be a
valuab‘.e. source of'mltipla choice type i‘tems.- Exmi_nation of sets
of test items wh.ich' had been 'cla#sifi‘ed by cuntent 2rea was deter?.
mined to be one means by which’ the instructor defined }the scope of
the learner competencies to be 'develom.. | Mproximtgl-yl 75 percent
_ of 'th‘ve“ test items div@loped_ or selected ware ultimately utilized by
; the instructor as either sample test ftems or as items on the pre- o
b o and positests. The pretest consisted of 42 multiple choice items and l
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TABLE 2.--Instructional modules designed during phase I and method

INSTRUCTIONAL MODULE

METHOD OF -EVALUATION

TEST

Pretest/Posttest

Behavioral Objectives

Test Items/Behavioral Objectives

Test Items

Percentile Ranks

Percentile Ranks

Heasures of Central Tendency

Heasures of Central Tendency

Standardized Tests/Derived Scores

Normal Distribution

Normal Curve

Standardized Tests/Derived Scores
Percentile/Stanine

Frequency Polygon

Correlation Coefficient

Correlation Coefficient

Validity

Reliability

Reliability

Standard Error of lleasurement

Regression Toward the Hean

Tests, Types of

Standardized Tests/Norms

Standardized Tests/Sources of Infcrmation
Standardized Test/Interpretation

>x > >< > >

> ><

> >< > 2 > > >C > >
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the posttest consisted of the same 42 *est items plus 13 additional ;

items. The additional test items were included on the posttest for . 'ﬂ

the purpose of obtaining additional item statistics. The extra items -

were used to replace unsatisfactory items or to form a pool of test

items from which alternate forms of the test could be constructed.

Cost Analysis

The activities required to produce 30 sets of the instructional
modules and tests were to type and proofread stencils from hand-
written copy, and reproduce and collate the materials. The educa-
tional technologist typed the stencils and then three experienced

secretaries were -asiked to estimate the time required to type and

proofread the stencils. The average of their estimates (i.e., 8
minutes per stencil) was used in determining the cost estimates.
A student assistant reproduced and collated the instructional materials

and the time rep-rted (i.e., 3.5 hours) is the actual time expended.

The costs associated with the implementation of the PIERIM k
model are divided into two categories:
1. Design costs, which include revision of materials.

2. Production costs, which include costs related to the
Instructional Support System.

Based on the actual costs associated with the implementation
of Phase I--Design of Instructional Hodules (see Table 3), the
, cost of designing one instructional module and test items was
E determined to be $9.95 (i.e., $248.75 + 25). The cost of
producing one complete set of the 25 instructional modules and

test items was determined to be $1.36 (1.e., $40.85 + 30).
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CHAPTER V
IMPLEMENTATION OF THE PIERIM MODEL: PHASE 2

The instructional modules and tests, designed and produced
during Phase 1 of the PIERIM model, were implemented in the Evaluation
Unit of EED 405--Classroom Organization and Pupil Evaluation during the
Winter quarter of the 1969-1970 school year. The first group of

learners (i.e., Group 1) to participate in the implementation of the

“instructional modules and tests were elementary education majors. The
19 learners were in either their junior and senior year and enrolled
in additional courses which placed demands upon their time.

The converitional classroom environment for this study is opera-
tionally defined by the following characteristics:

1. The principle method of teaching is the group
lecture and discussion method.

2. The classes are scheduled to meet at a regular
time and place.

3. The classes meet for a fixed length of time.
4. The instructor and a required textbook are the
primary resources utilized in the instructional
program.
The activities in which the learners typically engaged during one of the
three weeks of the inplementation of the instructional materials included:
1. Monday, the learners participated in a group seminar in which

current topics of interest could be discussed by the instructor
and learners.

2. Tuesday, Wednesday, and Thursday, the class met for group lecture
and discussion related to the set of instructional modules.

g 80
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3. Friday, a hein session was provided for these learners

who needed additronal assistance on the instructional

mrdules which were evcluated by the instructor.

The learners were not required to attend class during the implemen-
tation of the instructional modules and the attendance for the lecture/
discussion classes was reported to average from 11 to 13 of the 19
learners and the attendance at the help sessions was much lower. The
learners were required to complete the pre- and posttest for the unit
of instruction.

The implementation of the instructional medules in a conven-
tional classroom environment is designed to nrovide an opportunity
for:

1. Tape recording of the instructor's lectures

2. Subjective leavner evaluation of the clarity and con-
gruence amona the deccrintion of purcose, behavioral
objective and test situction for each inctructinnal

module,

3. Refinement of recuwces ry the learnevs thegyah the
inclusion of chantsr and tage numbers

4. Subjective learner evaluation of rescurces.

(84 ]

Identification by the lsarpers of additional resources
related speci‘ical'y tu the instryctional modules.

Tre evaluation of tre instructicnal modu'es reprecents a formative
eveluation which is ased on the learners' pre- and posttest per-

‘ormance.

Activities Prescribag by :[ELI" Mode!

The activities nreccribed Sy tire PIERIM model tor Phase 2--
lmnlementation and Evaluition of [nstructinnal ‘odules in & Con-
ventional Classroom Env:ronment - ‘dentified for the Instryctor (1}

and the gducations! Tec ~olguitt {71 ag

ROV o — ~— e —




82
M. (I) Administer pretest.
12. (T) Prepare summary of learner performance on pretest.

13.  (I) Implement instructional modules in a con-
ventional c¢lassroom environment.

14, (1) Tape record the lectures and classroom activites.
15.  (I) Administer posttest.

16. (T) Prepare summary of learner performance on posttest.

Chronology of Events

The activities related to Phase 2--Implementation and Evaluation

of Instructional Modules in a Conventional Classrcom Environment were
documented through the evolution of written materials and the use of
audio tapes made of each work session. Each activity is identified as
éé to date, personnel involved, time estimate and a description of the
activity. The time reported is the total time required to implement

the entire set of 25 instructional modules.

DATE PERSONNEL TIME/HR. ACTIVITY
2/10/70 1 1.0 Administer pretest
2/10/70 T 4 Check and submit answer sheets
to the test scoring service
2/11/70 T .5 Pick up test and item analysis
. 21/ 70 1&T 5 Set up and test tape recorder
é for recording class sessions
] ) 2/14/70 T 1.5 Sumtmarize learner performance
S B ' on pretest by instructional
| module
.i . 2/15/170 T 2.7 Prepare copy of pretest per-
! f formance for each learner
2/21770 I 1.0 Administer posttest

e
¥
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DATE PERSONNEL TIME/HR. ACTIVITY
2/27/170 T .5 Check and submit answer sheets
to test scoring service
3/02/70 T .5 Pick up test and item analysis
3/02/70 T 1.0 Prepare summary of learner

performance for posttest using
ISS program EVAL

P1ERIM Model Compared with
the Actual Icﬂvgties

The activities originally specified for Phase 2--Implementation

and Evaluation of Instructional Hodules in a Conventional Classroom
Environment were found to occur in the sequence specified by the PIERIM
model. Activity number 14 (i.e., Tape record the lectures and classroom
activities) was found to be an unsatisfactory method of documenting
the implementation of the instructional modules in a conventional class-
room environment. The quality of the tapes which were recorded made
the tapes unacceptable as resources for the revised instructional
modules. An alternative method of recording the sequence and scope
of the class activities, during the implementation of the instruc-
tional imodules, is to have detailed notes taken of the class lectures
and discussfors. The educational »technolog_ist is made responsible
for this revised activity. Either a regular mesber of the class or
a student assistant could be paid for performing the activity.
The activities associated with Phase 2--Isplamentation and
Evaluation of Instructional Hodules ir a Conventional Classroom
Environment (Revised) are:
12. (1) Administer pretest.
13. (T) Prepare summary of learner performanca on pretest.
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14. (1) Implement instructional modules in a conventional
classroom environment.

15. (T) Prepare detailed notes of class lectures and
activities.

16. (I) Administer posttest.

17.  (T) Prepare summary of learner performance on posttest.

Summary of Learner Performance

The learners' performance was measured for the set of 16
instructional modules using the same form of a 42 item multipie choice
test as the pre- and posttest. The learners were told prior to taking
the pretest that the same test would be used to evaluate their per-
formance at the end of the evaluation unit. There is no precise method
of determining how this information would bias the performance data.
At least two learners reported that other members of the class had
the answers for some of the test items prior to taking the posttest.

The reliability of the pretest (KR-20 = .60) was greater than
for the posttest (KR-20 = .52). The means and standard deviations
(see Table 4) are reported for each of the 16 instructional modules
separately and for the total test.

iline of the instructional modules speéifﬁed that the learners'
performance would be evaluated by the instructor. The instructor was
either unwilling or unable to specify the criteria he used to evalu-

ate the learners' performance on each of these instructiona) modules.

Cost Analysis
In detarmining the personnel costs for the implementation

of the instructional modules and tests only time in excess of reyular
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class time is reported for the instructor. The time required for
the educational technologist to design the Instructional Support System
programs is considered a one time cost and is not included in the
cost analysis for the PIERIM model. The costs related specifically
to the deve1opment of the Instructional Support System are reported
in Chapter VIII.

From an analysis of the costs associated with the imple-
mentation of Phase 2 of the PIERIM model (see Table 5) it is evident
that there are few costs involved in the actual implementation of
the instructional modules and tests in a conventional classroom en-
vironment. The summary report of learner performance was prepared
manually for the pretest and by the ISS program EVAL for the posttest.
Comparison of the cost of producing the report by the two methods reveals
that the computer produced report cost 16 cents more than the manually

‘produced report when only consumables are included in the cost. if the

additional 3.2 hours of the educational technologist's time required

to manually prepare the report were included in the cost, then the
couputer-produced report is significantly cheaper than the manually-
roducod roport (1.0.. $1.11 vs. $13.75).
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CHAPTER VI
IMPLEMENTATION OF THE PIERIM MODEL: PHASE 3

The precise nature of the activities wnich comprised Phase 3--
Revision of Instructional Hodules and Tests was not specified by
the PIERIM model. In the original set of procedures, the learner was
considered to be a major contributor to the revision of the instruc-
tional modules. The revision of each instructional module is based
on the learners' subjective evaluation of the clarity and congruence
among the stated purpose, behavioral objective and test situation,
performance on evaluation exercises, and identification of additional

resources and/or refinement of existing resources.

Activities Prescribed by PIERIM Model
The activities prescribed by the PIERIH model for Phase 3--

Revision of Instructional ilodules and Tests are identified for the
Instructor (1) and the Educational Technologist (T) as:
17.  (T) Revise instructional modules.

18. (T) Revise evaluation exercises.

Chronologz‘of Events

The activities related to Phase 3--Revision of Instructional

Hodules and Tests were documented through thg,evoiutibé'ofﬁwrittgn
materfals and the use of audio tapes made of_ehch work session. Each

activity s fdentified as to date, versonnel involved, time estimate

T A o e Ay b ARy e T ——— e
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and a description of the activity. The time reported\is the total

time required to revise the entire set of 25 instructional modules.

DATE PERSONNEL
2/12/170 14T
2/12/70 T
2/12/70 T
2/13/70 T
2/17/70 1&T
2/19/70 T
2/21/70 T
2/24/70 14T
2/25/170 T
2/26/70 I1&T

TIME/HR.
4

1.0
].O

1.6

2.0

1.0

ACTIVITY

Conduct Work Session - 9 :
Discuss methods of summarizing

learner performance and the use

of additional resources.

Review tape of Work Session - 9
Review tape of cliass lecture
Reriew tape of class lecture

Conduct Work Session - 10
Request for a summary of the
nunber of learners achieving
the standard of performance for
each instructional module made by
the instructor.

Discuss learner reaction to the
summary of performance report
Identify specific weaknesses of
the instructional modules which
had been taught.

Select additional library books
related to evaluation

Write additional test items for
the posttest

Conduct Work Session - 11
Identify specific weaknesses of

~the instructional modules which

had been taught.

Review tape of Work Session - 10

-Review tape of Work Session - 11

“Conduct Work Session - 12

Identify specific weaknesses of
the instructional modules which
had been taught. :

b
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 DATE PERSONNEL  TIME/HR. ACTIVITY
2/28/0 T .5 Review tape of Work Session - 12
3/09/70 1 &7 .4 Conduct Work Session - 13

- Review posttest results.
Discuss remaining instruc-
tional modules

- 3/09/70 : T 7.5 Listen to tapes of remaining
. classroom sessions. Only tapes
from 4 class sessions could be
interpreted.

oo T .9 - Prepare summary of learner
i : 4 performance on pre- and posttest
for instructor.

- 3/17/70 \ T : 2.5 Review and summarize learner
§ : _ * performance by instructional
3 o . ) module
%i 3/18/26- 1 : 1.8 Review summary of Tearner per-
¥ L formance E »
t Y970 T 5 Review tape of Nork Session - 13
P 32/70. 1.4 T . 45  Conduct Work Session'- 14

- Complete sregification of révws1ons
required for instructional modules
and test 1tems

3/21/70 T » s Rev1ew ‘tape of Work Seséion - 14

;£ 3/25/70 T 2.0 i - Select resource books from Tibrary
" 3/26/70 T 5.5 \  Lﬂatch resources w1th 1nstruct1ona1,
o nndules - ; o

| 4/01/70 I 1.0 Arrange for use of 11brary

> : ,f’ffac111t1es
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DATE PERSONNEL TIME/HR. ACTIVITY
4/02/70 I 20.0* Prepare audio tapes for use as
: resources with the instructional -
modules
4/15/70 I & T .8 Conduct Work Session - 15

Review computer printed copy of
instructional modules and tests.

*Time is a summary of times for 5 days.

PIERIM Model Compared with

the Actual Activities

. The activities associated with Phase 2--Revision of Instructional
Modules and Tests began immediately upon implementation of the instruc-

tional modules. The instructor was asked to respond subjectively to the

relative strengths and/or weaknesses of the instructional modules immedi-

ately‘aftgr the instructional module had been taught in the conventional

classroom environment. The instructor made notes directly on his copy

" of the 1nstruétionaflmddu]es, and the notes were used to suggest needed

revisions to the instructional modules. The learners' pre- and posttest
performance data was analyzed and the following general strategy for
revision of the instructional modules and test items was identified:

(T) ldentify changes which affect all of the instructional
modules.

(I) Specify desired changes to instructional medules based
on the implementation of the module.

(T) Identify instructional modules with large numbers of
learners in an unlearned state on both the pre- and

posttest.

(T) Identify test items with low proportion of learners
passing the item on the posttest.

(T) ldentify test items which deviate from the other test
items for the instructional module either on proportion
of learners passing the item or number of learners who
were in an unlearned state on both the pre- and posttest.

iy
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Library books and audio tapes, which were utilized as additional
resources for the instructional modules, were available for use in the
university library. The educaticnal technologist assumed the primary
rgsponsibility for identifying additional library books which were
related to the evaluation unit. The card catalog was utilized to
identify the library classification number associated with books in
the area of educational testing and measurement. The books were reviewed
by checking the set of key words u#ed to identify the content classifi-
cation of each instructional module against the index of the book.
Specific pages of each rasource were matched with the appropriate
instructional module. The instructor deleted any resource which he
felﬁ was inappropriate, and his main reasons for rejecting resources
were (1) the resource did not relate directly to the stated behavioral
objective and/or (2) the terminology and methods used to develop the
topic Were Judged inappropriate for the intended population of the
learners,

The audio tapes of the instructor's lectures had originally been
identified as a resource for the revised instructional modules. Either
human error or equipment failure resulted in only four of the nine
lectures being recorded. The quality of the tapes which were recorded
was Judged to be of such poor quality as to question the feasibility of
retaining the recording of classroom lectures as an activity associated
with the PIERIM model. Three alternative activities which occurred and

resulted in the production of audio tapes used as resources were:

P ——p——— S —— i

i s




93

(1) Review class notes and additional library resources
for each instructional module.

(I) Prepare summary for each instructional module.

(I) Prepare an audio tape of the summary for each
instructional module.

The instructor reported that approximately 20 hours were required to
prepare the set of 11 audio tapes. Each tape was from three to
eight minutes in length. A transcript of the audio tape for relia-
bility (see Appendix C) is representative of the set of tapes used
as resources for the instructional modules. The bibliography for
the set of revised instructional modules (see Figure 7) lists all
of the resources which were related to the set of instructional
modules.

The format of the instructional modujes was changed and
the following three changes were incorporated into each instructional
module:

1. Unfamiliar terminology, such as “productive curri-

culum embedded evaluation exercises," was replaced

with "open book written assignment to be evaluated

by the instructor."

2. Correct answers for each sample test item were
indicated.

3. Pages of the instructional materials were numbered
consecutively.

The headings of the instructional modules were revised to include

the following: content classification, purpose, behavioral objective,
sample test item (1f the learner's performance is evaluated by objec-
tive test items), or test situation (if the learner's performance is

evaluated by the instructor), and resources,

g g G B G Gemed e
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(see Table 6) include any changes, other than correction of spelling,
which were made to an instructional module. Revisions for each
instructional module are reported as to the subheading of the module
under which the change was made. The revisions made to the test
items included the following: three items were replaced, the stems
of four items were revised, and seven items required changes to
one or more alternatives. The number of changes required for the
set of instructional modudes and test items dictated that the entire
production process be repeated. Rather than repeating the manual
production cycle, the ISS program IMPROD and TEST were developed
to produce the instructional modules and tests. These programs and
the total ISS are discussed at some length in Chapter VIII.

The activities associated with Phase 3--Revision of Instruc-
tional Modules and Tests (Revised) are:

18. (T) Identify changes which affect all of the instructional
Modules.

19. (1) Specify changes to be made to Instructional
Modules and/or test items based on a review of
learner performance data.

20. (T) Identify additional resources for the instructional
Modules.

21. (T) Match resources to each individual Instructional
Module.

22. (1) Review class notes and additional resources for
each Instructional Module.

23. (1) Prepare a summary for each Instructional Module.

24. (1) Prepare an audio tape of the summary for each
Instructional Module.

25. (T) Revise Instructionat Mcdules.

26. (T) Revise evaluation exercises.

by Gmg b omd S OGN N
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TABLEv6v-Rev#s+ons-~#nstructionai~modu4es«

INSTRUCTIONAL MODULE

CATEGORY CHANGED

2 3 4

o

Pretest/Posttest

Behavioral Objectives

Test Items

Percentile Ranks

Measures of Central Tendency
Normal Distribution

Normal Curve

Correlation Coefficient
Correlation/Scatter Diagram
Validity -,
Reliagility/Factors Affecting
ReI1a‘i1i§y/lnterpretation
Standard Error of Measurement
Types: of Tests

Test Norms/Intelligence Quotient
Standardized Test Information

Test Items/Behavioral Objectives
Percentile Rank

Measures of Central Tendency
Z-Scores/T-Scores
Percentile/Stanine
Frequency . Pol ygon

Scatter Diagram

Regression Toward the Mean
Standardized Test/Interpretation

> >< >< > >z >

> > > ><

> >
< > >< ><
DL DX DK 2K DC M DC < > > >

O =W W N WOTN W MNNELPOAINOCIOINN PR UCINWESE BN

Category 1: Content Classification

Category 2: Purpose

Category 3: Behavioral Objective

Category 4: Sample Test Item
Category 5: Resources

X indicates that changes made in the category.
Numbers in Category 5 indicate the number of

resources added to the instructional module.
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Cost Analysis

In determining the personnel costs for Phase 3--Revision of
Instructional Modules and Tests, only time in excess of regular class
time is included for the instructor. The time estimates for the
educational technologist do not include any time associated with the
development and testing of the ISS programs. From an analysis of
the costs associated with Phase 3 of the PIERIM model (see Table 7),
the average cost of revising an instructional module and the related
test items was determined to be $13.59. The cost of revising the
instructional modules and tests was more expensive than the cost of
designing the materials during Phase 1 of the PIERIM model. The cost
of producing a complete set of instructional modules and tests,
utilizing the ISS programs IMPROD and TEST, was determined to be $1.65
(i.e., $49.56 = 30) per set of materials as compared to the cost of
$1.36 for production of the original materials manually. The original

set of materials contained fewer lines of type and it is reasonable to

expect that the cost of manually producing the revised materials would

be greater but there is not a method to accurately project the cost
estimate. The use of the computer to produce the materials has the
additional advantages of: o

1. Producing exactly the required number of copies.

2. Automatically sequencing and collating the materials.

3. Reducing the time between rnqucSting coptes of the
materfals and receiving the completed materials.

4. Simplifying the revision and modification procedures
over the traditional manual method of producing the
materials. The computer produced materials have
one major drawback in that the paper is too large
for the learners to carry in conventional notebooks.

-4

&
’

*n. <




SUSII 353l puR SINPO (PUO}IONUISUT G2 JO 539 Qf 405 330D UOLIINPOL 4y,
SWeII 3S9L pue SB|NPOY |PUO|IINUISUT GZ 405 3507 uby sag,

19°54$ 08°6EES - L9POH WIY3IId-€ dsRUYY : 1507
£5° 11 £8° 15 281 QVIRIINO
80° 498 16°.82¢ | " WA0L |
80°$9¢ L5°SES S|qUMNsSU0)  :{R303GNg
(2°91 #100° ‘o3 02911 3ujad jo sauy
15°1 2%0° *99g 9 w3 Jeyndwo)
© _ 1531 weaboud g1
o 10°62 : ¥100° ‘v3 02L02 344d 4o souyq
{2 rA N *J9g 99 _ N3 A9INCN0)
: 00¥q i/ wesboad S
62°s2 S0° *B4 505 X049y
'L °e3 i 198y *sade)
26" 91 2c°ol 62°ls -v3 8 9339835%) *sade}
ov°252$ | 19ios a4 : w303qns
08" vt 00'y 4y 2°9¢ IsiBolouyde) [euogjeonp3
09°Z01$ 00°#$ ‘4H 6°82 403343 sug
#¥350) UOLIINPOLd - 43507 uS}sag 9 3up Aj3uend 403584 3309 Jo E3jadsadseg
= —— e

SISOL PUR SOINPON [PUOIIINIISUL JO UOLSIARY--E DSWYY 40} $)SALRUY 3809---/ vl

et L e T e e e S S = W By e




CHAPTER VII
IMPLEMENTATION OF "HE PIERIM MODEL: PHASE 4

The instructional modules and tests, revised and produced
during Phase 3 of the PIERIM model, were implemented in the evaluation
unit of EED 405--Classroom Organization and Pupil Evaluatior during
the Spring quarter of the 1969-1970 school year. The second group
of learners (i.e., Group 2) to participate in the implementation of
the instructional modules and tests were elementary education majors.
The 28 learners were in either their junior or senior year and enrolled
in additional courses which placed demands upon their time. 1

The self instruction environment for this study is opera-
tionally defined by the following characteristics of the environment:

1. Each learner was provided with a set of the instruc- T
tional modules.

2. The principal method of teaching was individual self study.
3. There were no scheduled class meetings. ‘
4. The audio tape and text resources ware the primary resources.

‘5. The resources were centrally located and available to
the leamers upon request. f :

 The major activities for the implementation of the revised instructional

wodules were:

1. The learners completed the pretest and received the
instructional modules for self {nstruction portion o7 the

study (see Appendix D).
2. The learners received a summary of their pretest performance

{see Figure 8) and the tnstructor discussed the introduction
to the set of instructional wmodulos with the Teamers.
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3. The learners interacted with the instructional modules and
resources in the self-instruction environment.

4. The learners completed the posttest and received the re-
maining instructional modules {see Appendix E) which were
implemented by the instructor in a conventional classroom
environment.

5. The learners received a Summary of their posttest ner-
formance (see Figure 9).

6. The instructor completed the evaluation unit utilizing

group lecture and discussion methods to implement the

remaining instructional modules.

The learners were expected to start a series of classroom
observation and participation activities at the same time the set of
instructional modules were implemented in the self-instruction environ-
ment. These activities sharply reduced the amount of time available
to the learners.

Phase 4 of the PIERIM model represents the first implementation
of the instructional modules in a self instruction environment for
which the instructional modules are designed. The time and instruc-
tional modules represent fixed variables in that each learner received
each instructional module and was expected to complete the instruc-
vional modules within a fixed amount of time between the pre- and
posttest.

Because the stated purpose of the PIERIM model is to produce
instructional modules for use in a self-instruction environrent, the
discussion of learner performance relates to the set of 16 instructional

modules implemented in the self-instruction environment. The remaining

9 instructional modules used the instructor both as the primary
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resource and the evaluator of the learners' performance. The instructor
reported that with the exception of one learner, the learners' performance
met his standard of performance for the set of 9 instructional modules.
A1l of the time and cost estimates are based on the design, imle-

mentation, and revision of the entire set of 25 instructional mcdules.

Activities Prescribed by PIERIM Hodel

The activities prescribed by the PIERIM model for Phase 4--
Implementation and Evaluation of Instructional Modules in a Self-Instruc-
tion Environment are identified for the Instructor (I) and the Educa-
tional Technologist (T) as:

19. (I) Administer pretest.
20. (T) Prepare summary of learner performance on pretest.

21. (I) Implement instructional modules in self-instruction
environment.

22. (I) Adminis" -~ posttest.
23, (T) Prepare summary of learner performance on posttest.

24. (1) Implement instructional modules, evaluated by instructor,
in a conventional classroom environment.

25. Repeat activities 17 through 24 until each instructional
module achieves the standard set for the instructional system.

Chronology of Events

The activities related to Phase 4--Implementation and Evaluation
of Instructional Modules in a Self-Instruction Environment were docu-
mented through the observation of the activities as they occurred. Each

activity is identified as to date, personnel involved, time estimate and

a description of the activity.

S i s ¢ gy e - -
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DATE PERSONNEL TIME/HR. ACTIVITY

4/20/70 I 1.0 Administer pretest

4/20/70 T 5 Deliver test to test scoring
service,

4/20/70 7 1.0 Prepare summaries of learner
pretest performance.

4/21/70 I 1.0 Discuss the Introduciion
to the set of instructional
mcdules.

4/29/76 I 1.0 Administer posttest.

4/29/70 T 5 Deliver test to test scoring
service.

4/30/70 T 1.0 Prepare sumaries of learner

performance on the posttest

5/08/70 1 Evaluation Unit completed

P1ERIM Model Compared with
the Actual Activities

The activities originally specified for Phase 4--Implementation
and Evaluation of Instructional Modules in a Self-Instruction Environ-
ment were found to occur in the sequence specified by the PIERIM model.

There were no new activities identified for Phase 4.

Summary of Learner Performance

The learners' performance was measured for the set of 16
instructional modules using the same form of a 42 item multiple
choice test as the pre- and posttest. The reliability of the
pretest (KR-20 = .28) was lower than for the posttest (KR-20 = .71).
The means and standard deviations (see Table 8) are reported for

each of the 16 instructional modules separately and for the total test.
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Nine of the instructional modules specified that the learners'
performance would be evaluated by the instructor. The instructor
reported that with the exception of one learner, who did not complete
any of the assignments and received the lowest posttest score, the
learners satisfactorily completed the evaluation exercises specified by
the instructional modules. Twenty-four of the 27 learners completed all
9 of the instructor evaluated assignments and the remaining 3 learners
completed 8 of the 9 assignments.

The ISS was fully operational in support of Phase 4 of the PIERIM
model. The ISS program EVAL produced a summary of the learner's
performance on both the pretest and posttest (see Figures 8 and 9)
which the learner received the day after the test was completed. The
purpose of reporting learner performance by instructional module is
to focus the learner's attention on those areas in which his performance
is less than the standard which has been set for the behavioral objec-
tive. The learners indicated that the summary of their pretest
performance was used to guide *their preparation for the posttest.

The learners did not indicate that they wanted any additional infor-
mation concerning their pretest performance other than a review of
the actual test items missed. The EVAL program also produced a sum-
mary report for tha instructor (see Figures 10 and 11) of the pro-
pur tion of the learners achieving criterion performance for each
instructional module.

The 1SS program STAT produces a report which summarizes the
pre- and posttest performance for the total test and for each instruc-

tional module. The STAT report for the Reliability/Factors Affecting

e
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module (see Figure 12) is representative of the set of reports
which was prepared for the instructor. The STAT reports are designed
to be used by the instructor and educational technologist in con-
nection with the activities related to Phase 3 of the PIERIM model
(i.e., revision of instructional modules and tests). The format of the
STAT report was designed to present information which had been re-
quested by the instructor and educational technologist. The instructor
reviewed the STAT reports and stated that he felt overwhelmed by the
magnitude of the information contained in the reports. Additional
methods of summarizing the learners' performance for the se! of instruc-
tional modules were investigated and are reported in Chapter VIII--

Instructional Support System.

Learner Participation

The activities requested of the learners during Phase 4 were
related to the evaluation of the resources and a questionnaire con-
cerning their attitude toward and subjective evaluation of the instruc-
tional module, tésts. and procedures. The method of recording their
evaluation of the resources (see Figure 13) was simplified to a single
page and the learners were not asked to make a written statement
concerning their decisions. The summary of the learners' responses
(see Table 9) indicates that the textbook (i.e., Lindvall) and the
audio tapes were consistently the most popular resources.

Analysis of the learners' responses to the questionnaire (see
Appendix F) for the learners who participated in Phase 4, indicated

that not all learners responded to each question and one learner




L] L L S L L ey L

10

ur-3oxd 1viS Aq paonpoxd aduenaojidd 3sa3zisod pue -aad jo jandan Lseweng--cz1 Ay y

o - e e e, i+ = e i b e+ -}
o - - —— e e s it 4 - °
LS e e st g e 1 10 st . 9
[ ]
o ~ IRV RE ineasates T saMeitil T pawes 08 1o - -]
Mg - oA —.- . ¢ T e Wt & i
v —~5usas S67 130 viuInIe DAl $34 SIAVA R By
uc- e e e+ e im0 O
) I} e t Y I
“ H : b I pomT e
tivesvivs v/ Vive iive/tsve Wadisive —  edil it » eieis
(™ e J— et e amm— -
(71134 ~3409% $9582 I 1'% 2 LS 1. AU, | 7 R— o
- 218 AN 45888 5942 A9582 . s % |
[ 1900 49592 A¥59°2 R 121 1 gosee, . o8 . — s
2 2190830 8 WiPR RIES0S___ WINP_ITALY ____ASMasey . iidlene o I ™Y I
— 155042190530 _s034v0 ___#IT2 2018308 ? 9y $20000g 4] ..3--3 ooyt 9
30998° it £¢] (2 [ S
- I asee. . i..i-w..l.l!.! I T S
Wt L . S— | -o"“.w‘ 1111 ”:- = S.oua-.
Ind 4% —— wg 4 o K13 , . - .
~ ¢4 n ' stoal e tiensd it [$ 7] (")
] ) ] (] [ . H
-~ . [ . 4 s & . [} ] - -
® . . . 'l 1 o
PN WUNIUEE JUNIURUSY RO [ USSR | v "
o » s s I e 1 .0 -
1 ' 3 9 2 [ s, e eaem
[] . [§ [ ] L .
(¥ - e 000 . Cepen - 9
T - 15 2mewy DS 48000804 2 TiS N Foe 8 S ARG .
@ ST T T T T T sty S ealteises snasvns 9
Jamtd £%14%°4 L] ) — e
° . 18361304 1y ] .
- e a  R  L T B Tl
- - s DRSR L L1R 2 L) B
Q ) ) [ J
(3 I\ 2 P71 T e *
- R R I I R L oA INT PITT T -
T i T T g awgen vemetimeiing o
v . Qo
[ - ——— - . ot e —— & %.°




4 aseyd Bujanp sasuawd[ £q PIsN WIOJ SIIINORIL O UNPIRNIEAY--"¢ 4 ‘UL 4
[}
- e, T o : - ‘ 01 . ate ¥Ae <
- . . - - -
— S0t TateAgnlY ‘wesa,llt <
e T oS s sime e m wiene vl men meoimmewomes e a7 PAPAr L PTIRDFT IR YT SR -
- - PSAINVIWG  THVNEINE  TANA Y Pare el Cpueu.d <
- . . . [T R T RS TL IV A 1% ]
’
——_— . . -r—u:tn -0¢-\.v-l -4:2.)-‘ AN oty <
. - - e T - 3930 K Chesb T -
1
. - T - TOVE LI T INAINIT Cwra MRE CGAMASD  mades N
- - e memae . ~ LI 2 AT NPT O BT T FY ) -
.
u‘.-‘n.f:..-ls .-..ao; .:u'v: PINMAMAET CWILNEIT CiAARaed ‘LD ¢
- T ——— o ‘ ) L IIY VS FULPZYTR T Y A1 7 Redintafen e
LI - ieeem -
c 34%1 ANV C5N00mdle  CIMNONEY ‘eab il *Lal™is) ¢
e _ el et e e e . IR Y ¥ FIITYRIP TSR )
[
e - 3e?) .:.3.‘1 .:apll( S3MBestn  S1%MATY ‘atemad ) <
- — = A¥iRtveR Y T —
LI - - . - . [
- - )  Curdebs *YNETMY Y :
n —_ . ~ R S . - . = . B Ll JL R TTL I T Y LT S )
— BVl ‘uswage *S431Mme TMAGLEV *misid !
i t T OeiEL 250 WBI SN NVMRY e m e
- — - - - - * nugls TEYWNRNEE T3P ONET  Peeu ICul Y
P e ma e . e—— .- .. - — . & e + & em e - . - . . . - \‘;' :{
L Bets ‘wvemele  4¥Mmudm  CANABNEY ‘mps Pymit
—— e - = L TL TPUARE AR TNY
.
- - - VL ‘wrgle S41VING  TAITennm  IWMAPNEY ‘we it ‘MANNY
P e o e — i R . . 3PNl Yoo mdd ' Sa0mVs o
¢ - -
f-. ) it i B .333
e e ettt et e . O e TEMY $VIIUS AP o v ——
]
- - e siiers eeneas. o s 24938 *Se1TVIBG  CYMANNEY ‘MW ISNETY  Gurwmesy b
. - . e e : =t ks ..
1 L}
L ol .:S.t FYNSemEt Cuohanit  CBnAWedd
TR e S — -‘:i 0l 180 Y@ T S
[}
- Seos o meme mem e - . : Jots  ‘Ovatwmry ‘
- e mar e e 1 oo oo o . PR . - . 13000000 4530300 .
«
*E351530 300 SHIPIive YenulsINeItal Pug Slan PRIVNIS T se 9 yirLel
WUEINE 40 TSR OWNS ) ABS SFIs LIPS0 ANT 1008 VIR 188 LWrB) MBS = '~ 1 =
m _- e e .. WOBNN S33aN083e €30 Gms e JY01D ‘) WNEE NBLEMestel S8D 0P 141D 10 A
| S - - LENLAR S1100005 WIS *ew C
. s W S @ oy M A N M SR . SN W A ———— A - S A p—ET—
[ —- e . — . . L $3300080 28 wS1198%8) . 3 - ﬂ
o e o e e o

1 TN N 4 ot o




fomey iy ugpagy [ ) Sy Sumoman — : ; : . . . ¥ ——y | ) —

*LN4@sSn S $824N0S3L Y} PIIVA OYM SABULR3| JO JAqUNU 3Yj 3ILILPul SJaquny

UOLIRWAOSU] 3SBL POZipJepuels 91 JUILOL$$B0) UOLIR[DUIO] *
jusijon) aouaby| |9ju]/swJoN 3S9] °GI 2A4N) [eUUON “/ .
s1s9) Jo sadAl 1 uoLINgLAISLq [PUMON °9
JUBMDANSEIY JO A0AUT paepURIS £ Aouapuaj |[e4Jul] JO SBANSEIY °§
uorjejaadusjur/AyLirqertay -2t sjuey 9|1usdURd ‘b
Builoayyy saojoej/AiLiLqeLisy 11 swo3l 3sel °€
A3ipLiepn "ot S9AL109(qQ [e4otAeyag °2
wesberg 4233e05/U0LIR|BUL0) °6 315933504/159184d T
12 12 81 12 22 81 12 6T 02 02 22 02 €2 sodey orpny
0 0 0 0 0 1 weydogd
0 1 0 0 1 1 1 sdip1tyd .
i
0 0 0 0 0 1 0 AL |euuny w
0 0 0 0 G SL93ud I _
02 1z 12 61 61 (L1 61 12 12 02 61 61 €2 12 12 LLeAput)
0 £ S 0 £ 2 1 rA 2 2 2 A uewpu i
1 1 1 rA rA 2 0 0 S pun{puoay
0 0 0 0 0 0 CTET VY
91 _SL #T €1 2T 1T 01 6 8 L 9 S ¥ £ 2 1 324n0s3y

JaLJ1qU3p] oLNpOl (euOL3INAISU]

§ 9SRYJ--5204N0S3A JO UOLIBN[RAD JdULRd]--"6 JI8V1




113
(i.e., Towest score on posttest) did not respond at ali. The learners’
responses to the questions indicate:

1. Nineteen of 27 learners thought that they were provided enough
information to evaluate their performance on the pre- and posttest.

The learners who did not think the information was adequate wanted to
review the test items and answers for the tests.

2. Twenty-two of 26 learners indicated that their pretest performance
was used to guide their preparation for the posttest. Four learners
indicated that they dic not use the information for any purpose.

3. Thirteen of 27 learners reported that they read the entire set
of instructional modules in preparation for the posttest and eight
learners stated that they only read specific instructional modules.
Seven learners reported that they followed the same procedure of reading
the instructional module, reading the text, and listening to the audio
tape for each instructional module.

4. Twenty-four of 27 learners indicated that the sample test items
adequately described the type test items on the posttest.

5. Twelve of 24 learners indicated that they had no difficulty in
using the 1ibrary books and 12 indicated that they did not use the
books or the books were not available.

6. Nineteen of 25 learners reported no difficulty in using the
audio tapes and 6 reported that the tapes were either not available or
complained of the poor quality of the reproduction. Only one learner
indicated that the tapes were generally vague and confusing.

7. The advantages of using instructional modules reported by the
learners included the following: the instructional modules were

specific, the learner could work at his own pace, material already
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mastered could be omitted, there was more than one resource for use and
a learner could repeat a unit until he was confident he had mastered
the instructional module.

8. The disadvantages of using instructiona, modules and the self-
instruction procedures were reported to include the following: the
instructional modules were too narrow and detailed, the learner could
not ask questions, the instructional modules lacked motivation for the
learner to master the material, and application of the stated behaviors
was not apparent.

9. Eighteen of 26 learners reported that they would take a course
with instructional modules in preference to the same course without
instructional modules.

The proportion of 'earners in Phase 4 who would select the course with
instructional modules was only slightly higher than the proportion from

Phase 2 (i.e., 12 of 18).

Comparison of Phase 2 and Phase 4

A comparison of the similarities and differences which existed
during Phase 2--Implementation and Evaluation of Instructional Module
in a Conventional Classroom Environment and Phase 4-~Implementation and
Evaluation of Instructional Hodules in a Self-Instruction Environment
provides a frame of reference for the analysis and interpretation of the
learner performance data reported in Tables 4 and 8. The pre- and
posttest means for the two groups of learners are reported in Table 10.
The similarities which existed between the two implementations of the

instructional modules included:
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1. Course--The evaluation unit of EED 405--Classroom Organization and
Pupil Evaluation was used to implement the instructional modules.

2. Instructor--The same graduate assistant instructor was
given complete responsibility for the evaluation unit.

3. Population--The learners were all elementary education
majors in either their junior or senior year at The Florida State
University.

4. Length of Unit--The evaluation unit was allocated a
total of nine one-hour class sessions. |

5. Concurrent Activities--The learners were all enrolled
in additional courses which placed demands on their timé. The demands
placed on the learners' time by activities not directly associated
with the evaluation unit are assumed to be equivalent for both of the
implementations of the instructional modules.

6. Attendance--The learners were not required to attend cilass
during the implementation of the instructional modules. They were
required to complete the pre- and posttest for the unit.

The significant differences between the two implementatiors
of the instructional modules are:

1. Instructor--The instructor assisted with the entire course
during Phase 2 and only with the evaluation unit during Phase 4.

2. Instructioral Modules--The revision of the instructional
modules resulted in substantially different instructional materials
being used in the two phases of the model. The magnitude of the revisions

for each instructional module s summarized (see Table 6) and depicted
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in the set of materials related to the instructional module, Reliability/
Factors Affecting (see Appendix B).

3." Test Items--A set of 42 multiple choice test items was
used to measure the learners' performance on the 16 instructional modules
which specified multiple choice items as the method of evaluation.
There were 3 test items replaced and 11 test items modified during the
revision of the instructional materials.

4. Testing Procedures--The time between the pre- and posttest
was reduced from 16 calendar days during Phase 2 to 8 calendar days
during Phase 4.

5. Primary Resource--The instructor and text served as the
primary resources during Phase 2 and the resources identified for each
instructional module were the primary resources during Phase 4.

6. Availability of Additional Resources--The environment
for Phase 2 was a conventional classroom. The self-instruction environ-
ment of Phase 4 was the Florida State University library. All of the
resources were available in one building and additional resources could
be easily located, if needed.

7. Availability of Instructor--The instructor, during Phase
2, was the primary resource and was available during the class period
and by appointment. During Phase 4, the instructor was available in
his office during the regular class period and by appointment.

8. Instructional Materials--The entire set of instructional
modules was given to the learners at the beginning of Phase 2 and the

instructional modules were divided into two sets of materials during
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Phase 4 (see Appendix D and E). The set of 16 instructional modules
which are evaluated by multiple choice test items was given to the
learners after the pretest and the remaining instructicaal modules were
given to the learners after the posttest.
9. Class Size--Nineteen learners participated in Phase 2 and

28 learners participated in Phase 4 of the PIERIM model.

Interpretation of Learner Performance

The learners' performance can be expected to deviate from
the performance predicted by criterion-referenced measurement &nd
mastery models of learning to the extent that the following assumptious,
implicit in the procedures used to design and/or impiement the
instructional modules and tests, are violated:

1. Learners enter the instructionai system in an unlearned
state.

2. Learners, who interact with the instructional resources
specified, change from an unlearned to learned state.

3. Learners possess any prerequisite competencies required
to interact with the instructional resources that are
identified for the instructional modules.

4, Learners have sufficient time to achieve mastery on each
instructional module.

5. Test items, for each instructional module, represented a

homogeneous sample of the performance described by the
behavioral objective.

The learners' performance was measured for the set of 16
instructional modules using the same form of a 42 item multiple choice
test as both the pre- and posttest in a One Group Pretest-Posttest
Design. Revisions were made to the test during Phase 3 and this factor

»
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should be considered when comparing the performance of Group 1 (i.e.,

Conventional Classroom Group) and Group 2 (i.e., Self-Instruction Group).

The sample size for Group 1 and Group 2 were 19 and 28 learners respec-

tively.

Violation of Statistical Assumptions

The interpretation of learner performance data is further
complicated by the use of intact classroom groups to study the
effects of the instructional materials and/or procedures on the
learners' performance. The use of intact classroom groups violates one
of the basic underlying assumptions of inferential statistics (i.e.,
random sampling of learners from the population). The assumption that
the underlying distribution of the trait being evaluated approximates
the normal distribution is violated as the actual effectiveness of the
instructional materials and/or procedures approach their theoretical
Timit of 100 percent effectiveness. Hon-parametric statistics were
selected for analysis of the learner performance data. Hon-parametric
statistics (i.e., phi coefficients and HcNemar's Test) were selected
to be reported by the ISS program STAT (see Figure 12) because there
are no assumptions required concerning the underlying distribution
of the performance data.

The purpose of designing and implementing the instructional
modules in a self—insfruction environment was for the learners to
achieve at least the standard of performance specified for each of
the instructional modules. Learning is inferred from gains in the

proportion of learners achieving the standard of performance from
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pretest to posttest. It is important to remember that the research
design utilized (i.e., One Group Pretest-Posttest Design) makes it
impossible to separate the gains attributable to the effects of testing
from the gains attributable to the instructional treatment. Utilizing
the proportion of learners achieving at least the standard of per-
formance on the pretest (see Figure 10) and posttest (see Figure 11)
the gains from pretest to posttest and the ratio of the gains to poten-
tial gain are reported for each instructional module (see Table 11).

Any arbitrary standard can be selected as the performance stan-

dard for a system model for design of instruction. For purposes of

—-.—-—~_-

illustrating the use of a standard of performance for a system model

for design of instruction, 70 percent is selected as the system stan-

-

dard for the PIERIIt model. The learners achieved the system stan-
dard of performance on four of the 16 instructional modules on the
pretest and for 10 of the 16 instructional modules on the posttest
(see Table 11). There would be reason to suspect that for at least the
four instructional modules on which the system standard of 70 percent
was achieved on tie prevest that the tepic had been previously taught
in other education courses or the instructional objective was so
obvious as not tc require instruction. A comparison of the ratios of
gains to potential gains requires the assdmption that a gain from .809
to .90 (f.e., .10/.20 = .509) is equivalent to a gain of from .409 to
709 (i.e., 30/.60 = ,500).

Role of the Learner

The learners were given three distinct roles within the

fmpiementation of the instructional modules. The learners interacted with
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the instructional modules, recommended changes in the instructional
modules and/or procedures, and 2xpressed their attitude toward the instruc-
tional modules and/or procedures. The learners' interaction with the
instructional modules was not closely monitored during either Phase 2 or
Phase 4 of the PIERIM model. Class attendance during either Phase 2
was optional and reported by the instructor to average from 16 to 13
of the 19 learners per day. Using self report techniques, the median
number of days prior to the posttest on which the learners started
their preparation for the posttest was five days for Phase 4. The
learners reported that they devoted from 4 to 14 hours (X = 6.9 hours)
preparing for the posttest.

The learners were asked in the introduction to the set of instruc-
tional modules, during Phase 2, to assume a professional responsibility
and assist the instructor by the following:

1. Evaluate the components of each instructional module by
specifically attending to the clarity of the stated behavioral objective
and the congruence (i.e., agreement) between the behavioral objective
and test situation.

2. State whether the resource(s) was adequate for the learner
to achieve the stated behavioral objective. If multiple resources or
chapters within a single resource were cited, the learner was to indicate
which of the resources was the most helpful in achieving the stated
behavioral objective,

3. ldentify additional resources that could be used by a learner

to master the stated behavioral objective.
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4. Propose other evaluation topics, concepts or activities for which
instructional modules should be prepared.

5. Identify any words or topics which were either confusing to
learners or required more than an average amount of study for mastery.

6. Keep a diary of events in which the learner indicated any strong

positive or negative feeling toward the procedures being used, materials
provided, resources identified, sequence of topics, etc. Of the six
proposed activities, the only activities which the learners completed
and wnich proved useful during Phase 3 were activities one and five.
There were toc many activities expected of the learners and they either
completely failed to complete the remaining activities or their descrip-
tions were too general to be of any help in the revision of the instruc-
tional modules.

The activities requested of the learners during Phase 4 were
subsequently reduced to an evaluation of the resources and a questionnaire
concerning their attitude toward and subjective evaluation of the instruc-
tional modules and pracedures. Thé method of evaluating the resources
was simplified to a single page and the learners were not asked to make

any written statements concerning their decisions.

Cost Analysis

In determining the personnel costs for the implementation of the
instructional modules and tests only time in excess of regular class time
is reported for the instructor. The instructor was not engaged in any
activities other than the normal teaching activities during the imple-
mentation of the instructional modules. The only costs involved in the

implementation of the instructional modules in a self-instruction
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environment are reiated to the production of reports of learner performance.

The average cost of the summary report produced for the learner by the ISS
program EVAL was six cents per report. The summary report of the pre-
and posttest performance produced by the ISS program STAT was $4.00 for

the report. A summary of the costs related to Phase 4 is presented in

Table 12.
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CHAPTER VIII

; ji T ~ INSTRUCTIONAL SUPPORT SYSTEM

i The Instructional Sﬁpport SyStem (155) is defined by the set
é of capabilities which are required to support the implementation

5 ~ of the PIERIM model. The implementation of the ISS in support

of Phase 4 of the PIERIM model is reported in relation to: (1) test

scoring services, (2) computer programs, (3) resource center, (4) methods

PRIy e

used to establish the transferability of the instructional modules,

and (5) efforts to develop a Revision Indicator for use in relation

& ik

with the STAT program,

j Test Scoring Service

i The Division of Instructional Research and Service at The
Florida State University offers a test scoring and analysis service
for use by the instructional staff. The characteristics required

for the evaluation of a learner's performance include methods for:

(1) presenting the test items, (2) recording the learner's responses,
(3) evaluating the learner's responses, (4) summarizing the learner's
responses, and (5) producing a record of the learner's responses. The
| test scoring service provided the means of accomplishing all of the
requirements with the exception of presenting the test items. The test
service programs provided both total test and item analysis for the

total group of learners. The response record of each learner was
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punched in a format which was interpretable by a computer program

written in FORTRAN IV programming language.

Computer Programs

The documentation of each of the four ISS computer pro-
grams--IMPROD, TEST, EVAL, and STAT--i{s repsrted in Appendix 6.
The computer programs serve three functions: (1) Production of
instructional modules and tests, (2) evaluation of learner per- !
formance , and (3) analysis and summary reports of learner per-

formance data. The specific capabilities required of the ISS pro-

eyt

grams for the production of instructional modiles and tests include:
(1) production of any specified number of sets of instructional
moduies and tests, (2) sequencing of the instructional modules

and test items in any order requested, and (3) revision of instruc-

tional modules and tests possible at the lowest practical level.
The 1SS programs, IMPROD and TEST, possess each of the capabilities
specified with the line of print being used as the basic unit fer
revision of the instructional modules and test items. The advan-
tages associated with the 1SS computer programs are related to the
transferability of the programs among universities and ease with
which they can be programmed and revised. It is possible that minor
modi fications to the programs would be required before they would
operate on computer systems other than a Control Jata Corporation 6400
series computer.

The basic unit produced through the implementation of the

PIERIM model was the instructional module, and learner performance was

analyzed and summarized by the ISS program EVAL by instructional module.
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The characteristics required for the analysis and summary of learner
performance include: (1) analysis and summary of learner performance
by instructional mocdule, (2) comparison of the learner's performance
with the standard of performance established for the instructional 1
acdule, and (3) summary of the group's performance for each instruc-

tional module. The ISS program EVAL was designed for the analysis of

a single test and is the most difficult ISS program to modify. The
entire EVAL program needs to be redesigned so that the relationship
between test items and instructional modules can be read into the
program at the time the data is analyzed.

The analysis and summary of the pre- and posttest learner
performance data by the ISS program STAT was designed on two principles:
(I) all of the pre- and posttest data and computed statistics are
available at the end of the program run, and (2) the instructor specifies
the information and format of the summary reports of learner performance.
The STAT program has a major disadvantage of requiring a minimum of
76,000 units of computer core to operate. It is possible that through
the use of more sophisticated programming techniques that the STAT
program could be made operational on a smaller computer system.

The cost of producing the ISS computer programs camot be
precisely determined. The educational technologist prograrmed, key
punched, and tested each of the programs. The best estimate of the
time required is 80 hours or one man month for a graduate assistant.

The computer costs are estimated on the basis of 4 trial runs with
program 1istings for each of the programs. The estimated cost of

$434 includes: (1) $320 personnel--80 hours at $4 per hour, (2) $7
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computer cards--7000 cards at $1 per 1000, (3) $37 computer time--
300 seconds at $.042 per second and 200 seconds at $.062 per second,
4) $70 computer printing--50,000 lines of print at $.0014 per line.

The cost of producing sets of the instructional modules and
tests are based on production runs of 30 sets of each of the materials.
The production runs utilized binary source decks, and program listings
were not produced. Tne cost of the summary reports of learner per-
formance are based on the actual production costs associated with the
implementation of the programs during Phase 4 of the PIERII model.
The total cost of producing the instructional modules, tests, pre- and
posttest reports of learner performance for the learner, and pre-
and posttest report of learner performance for the instructor was
determined to be $56.93. If the 18% overhead cost is added to the
computer costs, then the total cost is $67.17. The average cost of
supporting the implementation of an instructional module was $2.28 or

$2.69 with the overhead costs.

Resource Center

The services provided by the university library included place-
ment of the books identified as resources for the 1nstruct{onal modules
in the reserve room of the library, storage of the audio tapes, and
facilities for listening to the tapes. The library also provided the
instructor with a monthly summary of the tape usage. The usage repoft

was for each audio tape and reported the number of times the tape was

used and the time of day used. The tapes appear to have a great poten-

tial for increasing the learners' involvement with the instructional
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resources. The audio tapes were produced as summaries for the instructional
modules and the learners generally found them to be a useful resource

in preparing for the posttest (see Table 9).

Transferability o7 Instructional Modules

The utility of the PIERIM model and the ISS was determined
to be dependent upon two major factors. First, the ability of
other faculty members to agree on the relative importance of a
teacher candidate's being able to demonstrate the behaviors described
under the subheading PURPOSE of the instructicnal modules The
second factor relates to the time required to modify the instructional
modules for use by another faculty member. Expert opinion was used
to investigate the first factor and a replication of the one week
self study was used to investigate the second factor.

Ten faculty members were selected to review and evaluate the
relative importance of the set of instructional modules prepared for
use in the conventional :lassroom environment. The faculty members
were selected on the basis of their having either taught the course
for which the instructional modules were prepared or courses related
to the area of tests and measurement offered by the Department of
Educational Research. The cover letter and a sample from the set of
instructional modules (see Appendix H) are rehresentative of the
materials sent to the faculty members, six frdm the Department of
tlementary Education and four from the Department of Educational Research.
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The faculty members were asked to first select those instruc-
tional modules which described behaviors they did not feel a teacher

candidate should be expected to master. They were then asked to

S e

equally divide the remaining instructional modules into 4 categories:
(1) most important, (2) above average in importance, (3) below average ,
in importance, and (4) least important. Values of 4, 3, 2, and 1
were assigned to the corresponding categories and the responses were
summarized for each instructional module. The responses are reported
for the Department of Elementary Education and Department of

Educational Research separately and for the total group (see Table 13).

Two factors could bias the results: (1) two faculty members from the
Department of Elementary Education did not return the materials, and
(2) one of the faculty members did not have an equal number of instruc-
tional modules in each of the 4 categories. It was inferred from
conversations with the faculty members who did not return the instruc-
tional modules that they perceived a conflict between their preferred
teaching style and the degre¢ of structure represented in the instruc-
tional modules.

A Spearmar Rank Correlation Coefficient (r), corrected for
tied ranks (Siegel, 1956) was calculated to dgtermine if associgtions
existéd betweeh‘thevranking of fhc instructional modu)gs.py’the faculty
members from the Department of éi&ﬁénianyUEducaiion_andby the faculty
members from the Department of‘Educitional‘anso;rch. The null hypo- B
thesis that the two rankings were unfelated;naé rejected (alpha = .01)

for the entire set of instructional modules (rs . .71)._;Hhan the 16
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TABLE 13.--Evaluation of Instructional Modules--Expert Opinion

—te— e ————

Instructional Module A B o
|
Pretest/Posttest 13 9 22 ‘
Behavicral Objectives 16 15 3
Test Items 16 12 28
Percentile Ranks 9 11 20
Measures of Central Tendency n 7 18
Normal Distribution 7 8 15
Normal Curve 10 7 17
Correlation Coefficient 3 5 9
Correlation/Scatter Diagram 5 5 10 1
Validity 5 7 12
Reliability/Factors Affecting 8 1 19
Reliability/Interpretation 7 10 17
Standard Error of Measurement & 10 18
Types of Test 1 6 17
Test Norms/Intelligence Quotient 15 12 27
Standardized Test Information 1) 9 20
Test Items/Behavioral Objectives 15 16 31
Percentile Ranks 1 8 9
Measures of Central Tendency 7 10 17
1-Scores/T-Scores 4 5 9
Percentile/Stanine 7 6 13
Frequency Polygon 2 4 6
Scatter Diagram 10 9 19
Regression Toward the lean 4 6 10
Standardized Test/Interpretation 13 13 26

Numbers represent the sum of the faculty member ratings.

A - Department of Elementary Education

8 - Department of Educational Research

C - Total Group

Total Set of Instructional Hodules rs(AB) s 7] *
Set of First 16 Instructional Hodules ro(AB) = .58 **
Set of Last 9 Instr.ctional lHodules ro(AB) = .78 **
w*Significant at .01 level
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instructiona! modules (r .58) evaluated by objective test items, and

s =
the 9 instructional modules (rS = .78) evaluated by the instructor,
were analyzed separately; the null hypothesis was likewise rejected.

The faculty menbers® responses to the question: Can this
behavior be adequately éva]uated using the stated behavioral objective
and test situation? are much more difficult to interpret. The
response alternatives available to the faculty member were: yes, uncertain, N
and no. One of the faculty members from the Department of Elementary
Education responded "no" for each of the instructional modules. The ' i
summary of the faculty members' responses (see Table 14) indicates
that the perceived agreement between the test situation and the behavioral
objective which it is intended to evaluate is higher when the instructor
evaluated the learner's performance (X = 5.7 for yes category) than
when objective test items were used to evaluate the learner's performance

F (X = 4.8 for yes category).

The faculty members estimated the percentage of the evaluation
unit that the set of instructional modules would represent if they were
to teach the course. The Department of Elementary Education faculty
members reported percentages of 0%, 50%, 70%, and 100% in contrast to
a narrower range of values reported by faculty members from the {
Depaftment of Educational Research of 50%, 60%, 70% and 80%.

The evidence indicates that the instructional modules produced
through the impiementation of the PIERIM model describe a set of learner
cdhpetencies for which moderate agreement was obtained from eight
‘facuity members concerning the relative importance of the competencies

described. There was generally less agreement concerning the adequacy

-
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TABLE 14.--Adequacy of Test Situation--Expert Opinion

Frequency of Response

Instructional lModules Yes Uticertain

No

Pretest/Posttest

Behavioral Objectives

Test Items

Percentile Ranks

Measures of Central Tendency
Normal Distribution

Normai Curve

Correlation Coefficient
Correlation/Scatter Diagram
Validity

Reliability/Factors Affecting
Reliability/Interpretation
Standard Error of Measurement
Types of Tests

Test Norms/ Intelligence Quotient
Standardized Test Information

NNt =B ONONMN—~NWN

Test Items/Behavioral Objectives
Percentile Ranks

Measures of Central Tendency
Z-Scores/T-Scores
Percentile/Stanine

Frequency Polygon

Scatter Diagram

Regression Toward the Hean
Standardized Test/Interpretation
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Numbers = fregquency of responses to the question: "Can this
behavior be adequately evaluated using the stated
behavioral objective and test situation?"

— o r——




135

% of the objective test items for the evaluztion of the learners'
attainment of the stated behavioral bbjectives. For most of the -
faculty merbers, the set of instructicaal modules would represent

a significant portion of the course if they were to teach the

evaluation unit, 7

The replication of the one Weekrse1f study was used to
determine the time required to modify the instructional modules. ’
The ISS was designéd using programming techniquesiwhfch were:‘ |
intended to minimize the time required to modify the instruc;iona}'
modules. The set of instructional modules was reviewed by an . h
instructor of an undergraduate educational psychology course and |

the first 16 instructional modules were sélected_té be included in

a one week unit, "Performance Assessment," for the»codrsg. The *
instructor requested that the text being used in the ceursé be
included in the resources for the instructional modules and that
| fthe»;ext used in the original course be deleted. The activitiés
required to md@ify ihefihgtrugtional modules were identifiéd as:
1. Review the set of instructional modules (4.0 hrs.).

. Select‘abpropriate3insffuétional modules (.5 hrs.).

2
3. Specify resources to béladded or deleted (2.0 hrs.).

4. Key punch change cards for jnsgrgctional modules (1.0 hrs.).
5

Produce the required nuﬁber‘of,sets of instructional modules.
(3.0 hrs.). The total time requiréd‘te complete the entire process
was seven calendar days. The changés in the set of instructional
modules included the following: |

1. Introduction--changed the name of the unit, course and date
of the posttest,

e
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modules and the bibliography,

One resource deleted from 2ach of 15 instructional modules
and the bibliography, and

(%)

l’ 2. One additional resource added to each of 3 instructional

4. Evaluation of Resources was changed to include or delete the
appropriate resources.

Revision Indicator for Instructional Modules

When the instructor of the elementary education course reviewed
the set of Summary reports produced by the ISS program STAT, he reported
that the volume of information contained in the reports was overwhelming.
A single rank indicator for each instructional module would be an asset

to the instructor and educational technologist by directing their efforts

during the revision of the instructional modules. Neither the summary
reports produced by the program STAT or the Revision Indicator have
actually been utilized to support Phase 3 of the PIERIM model.

3 : ’ The rationale for the Revision Indicator was to select a number
2 | of statistics, which were available to the instructor and educational
technologist, and predict the dikection in which each statistic would
be expected to change on the basis of criterion-referenced measurement
and/or mastery models 6f 1earn1ng. The Revision Indicator is a single
composite value derived frdm the following statistics:

3 ; 1. Mean--The posttest mean is predicted to be greater than the pretest

bw *

mean. The means for Group 1 and Group 2 (see Table 10) indicate that

the mean of each instructional module did in fact increase from pretest

5 to posttest.

? 2. Standard Deviation--The posttest standard deviation is predicted

. to be less than the pretest standard deviation. The standard deviations

K for Group 1 (see Table 4) and Group 2 (see Table 8) indicate that for
some of the instructional modules the standard deviations changed in

the opposite direction.
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3. Maximum Pretest Score--Learners who achieve a maximum

et o5

score on the pretest are predicted to achieve mastery on the posttest.
4. Posttest Scores of Zero--Less than 5% of the learners are T
4

predicted to be in an unlearned state on each of the items related to

an instructional module

i

5. Phi Coefficients--Each of the inter item phi coefficients
for a set of items related to an instructional module are predicted - I
to be positive. The total number of negative phi coefficients is l
calculated for the set of items for each instructional module.

6. Froportion of Correct Answers--The proportion of learners I
who answered an item correctly on the postteét is predicted to be
greater than .50.

7. Alternatives for Test Items--It is predicted that on the
pretest, at least one learner will select each alternative of the
multiple choice items.

8. Posttest Performance--When the group of learners are
divided into upper and lower 50%, on the basis of total test score,
at least 80% of the learners in the upper 50% are predicted to answer
the item correctly. 1

9. Fail/Fail Category of Performance--The mean proportion
of the learners in the fail/fail category of performance was calculated
for Group 1 and Group 2 and each was found to approximate .25. The
proportion of learners in the faiI/fai?}category is‘prediéted to bé
less than .25. | : L l:;
Instructional modules and/or test items are categorized is positive (+)

if there is agreement between the observed and predicted divection of -
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change. The instructional modules and/or test items are categorized
as negative (-) if there is disagreement between the observed and
predicted direction of change. The negative indicators are totaled
for each instructional moduie and the total is referred to as the
Revision Indicator. Using the performance data for Group 1 and
Group 2, Revision Indicators were calculated for each instructional
module (see Table 15). There is substantial agreement between the
rankings of the instructional modules using the Revision Indicators
derived from the learner performance data for Group 1 and Group 2
(rg = ,83). The same three instructional modules and related test
items--Measures of Central Tendency, Pretest/Posttest, and Test Items--
were identified as being in need of review and possible revision.
The Pretest/Posttest instructional module was the only one of the
three instructional modules identified which had actually been ravised
during Phase 3 of the PIERIM model.

Another promising method of analyzing data from a pretest-
posttest design is the McNemar Test for the significance of changes
(Stegel, 1956). The learners' pretest and posttest performances can
be categorized for each test item (see Table 16) into only one of the
following categories:

pretest - learned and posttest-learned (i.e., 1/1)
pretest-learned and posttest-unlearned (i.e., 1/0)
pretest-iuwlearned and posttest-learned (i.e., 0/1), and
pretest~unlearned and posttest-unlearned (i.e., 0/0).

Learning was oporAtionallv defined as a change from an unlearnod

state on the pretest to a~1§arned state on the posttest (i.e., 0/1).

s @b ot e el s nmf g 0 AT e e e
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TABLE 15.--Revision Indicators for Instructional Modules

——— o — T —————————
m— ——— ey

Instructional ifodule GROUP 1 GROUP 2
Pretest/Posttest 12 10
Behavioral Objectives 3 5
Test Items n 10
Percentile Ranks 10 6
Heasures of Central Tendency 13 12
Normal Distribution 5 8
Normal Curve 2 1
Correlation Coefficient 3 2
Correlation/Scatter Diagram 4 5
Validity 5 7
Reliability/Factors Affecting 7 7
Reliability/Interpretation 6 6
Standard Error of Measurement 2 3
Types of Tests 5 3
Test Norms/Intelligence Quotient 7 7
Standardized Test Information 5 7

Numbers represent the total number of negative (-)
indicators for an instructioral module

Group 1 represents the 19 learners who participated in Phase 2
Group 2 represents the 28 learners who participated in Phase 4
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The McNemar Test was used to test the significance of the changes
observed in the learner performance data.

Null Hypothesis. HO: for those learners who change learning

states, the probability that any learner will change from an unlearned

e I o

state to a learned state (PO/I) is equal to the probability that any

learner will change from a learned to an unlearned state (P1/0).

Alternate Hypothesis. H]: for those learners wino change learning

states, the probability that any learner will change from an unlearned
state to a learned state (PO/l) is greater than the probability
).

that any learner will change from a learned to an unlearned state (P1/0

Statistical Test. The McNemar Test for the significance of

i changes was chosen because the study used two related samples, was of
a pre-posttest design, and used nominal measurement.

Significance Level. Let alpha = .001

Rejection Region. x2 greater than or equal to 5.42.
The McNemar Test was computed for each of the instructional modules
for which the number of learners changing learning states was greater
than ten (see Table 17). The probability issociated with each value
calculated is reported for those which did not equal or exceed the
critical value. While the McNemar Test is sensitive to changes in

& learning states, there needs to be another statistic which is sensi-
~ tive to the proportion of learners who remain in an unlearned state

e on a posttest.

- L e e e———
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TABLE 17.--McNemar test for significance of changes

e — —
———

— ——
— — ———— ———

Instructional Hodule Group 1 Group 2
Pretest/Posttest .02< p s.05 REJECT*
Behavioral Objectives REJECT** .01< p 5.02
Test Items .001< p s.01 .50< p
Percentile Ranks .10< ps.20 REJECT**
Measures of Central Tendency REJECT **: REJECT**
Normal Distribution REJECT ** REJECT**
Normal Curve N <10* N <10*
Correlation Coefficient N <10* REJECT™*
Correlation/Scatter Diagram .10<ps. 20 REJECT**
Validity REJECT** REJECT**
Reliability/Factors Affecting ~ REJECT** REJECT#**
Reliability/Interpretation REJECT#* REJECT**
Standard Error of ileasurement N <10 .01<ps.02
Types of Tests 50 <p .001<ps.01
Test Norms/Intelligence Quotient .001 <p<.01 .02¢< ps.05
Standardized Test Information .50<p 105,20

* Number of learners changing learning state
less than 10, McNemar Test i3S not appropriate.
** The Null Hypothesis is rejected.
Group 1 represents the 19 learners who participsted in Phase 2
Group 2 represents the 28 learners who participated in Phase 4




——y GNE R e

CHAPTER IX
DISCUSSION OF RESULTS

The problem and the results of the study are discussed in
relationship to the three separate but related parts of the study,
as follows:

1. A model for the Produciion, Implementation, Evaluation, and

Revision of Instructional ilodules (PIERIM) was dcveloped and a

detailed non-empirical comparison between PiERIl-l and two existing system

models for design of instruction was presented.

2. The implementation of the PIERIH model for a portion of an

undergraduate elementary education cour;sé: (a) established the feasibility

of inplementing the model, (b) evaluated the learners' performance
after they interacted with the instructional modules and resources,

(c) refined the job descri ptions for the participants of the imple-
mentation by reformulating the PIERIM (2nd edition) model, (d) resulted
in recommendations concerning the contents of training materials that

could be used to develop the skills required to implement the PIERIM

model, and (e) provided data to estimate the cost of impletﬁehting the

model in terms of “de‘sign and pr‘oductioh of the 1n§truct:idnal modules and

tests, | |
3. M_-I-nstructional Support System (ISS) was developed which |
utilized existing technology to support the .»,iayplementati-on of the PIERIN
model . The lSS development was analyzed to détémine: (a) elements
of th? systen. (b) adequacy of the ISS asAmeas.ured by the output of
144
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the system, and (c) cost estimates in terms of time and materials

required to implement the ISS.

Comparison of the System Models for
Design of Instruction

The comparison of Briggs' (1970) and Dick's (1969) models for
design of instruction with the PIERIM model identified three potential
weaknesses in the set of instructional modules produced as a result of
implementing the PIERIM nodel.

1. The relevance of the instructional modules could not exceed
the relevance of the subject matter content when compared to a specific
teaching competency.

Expert opinion was used to establish the relevance of the set
of instructional modules for the evaluation unit of an undergraduate
elementary education course. When faculty nembers from the departments
of Elementary Education and Educational Research ranked the set ov

instructional r dules designud for use in the conventional classroom

environment with respect to the relative importance of each instructional

module, there was moderate agreement (rs = ,71) established between the
ranking of the instructional modules by members of the two departments.
The set of 25 instructional modules was found to represent a major

portion (i.e., 50% to 100%) of the content that seven of the eight

faculty members would include if they were to teach the evaluation unit.

The relevance of the instructiona! modules has not been
established for any specific teaching competency and several of the
learners questioned the relevance of the evaluation unit for elementary

education majors. The learners expressed a desire for an opportunity

Bzt i S B
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to observe and/or apply the éva]uétioh'ski1ls in an actual classroom
situation. The relévance of the instfuétional moduleé, as perceived
by a group of learners, depends bponrthé instructor's ability to re]ate;‘
the content to specific teaching compatencies and then to communicate
this relationship as the purpose section of the jpstructioﬁal modules.

2. The 1nstructiona1‘modu1es, nggggg,rmight be insufficient to
achieve a specified learner behavior. :

}Thg instructor reported that the learners’who had completed the

16 instructional modules in the self-instruction environment were better-
prepared for the remaining instructional modules which he taught |
than were the learners who had been taught in the conventional classroom
environment; The learners Who studied in the self-instruction ;
environiment needed less additional instruction on fhe content covered by
the 16 instructional modules, asked questions whicﬁ demonstrated their
understanding ofrthe content, and produced written ass1gnmeﬁts of a
higher quality for the 9 instructional modules taught and eVa]uated
by the instructor. ' 4

3. The instructional resources that werermatched with an instruc-
tional module could be inadequate to achieve the desired learner behavior.

If adequacy of an instructional module to achieve a desired

learner behavior is defined as the proportion of the learners achieving
the stated standard of performance, then each instructional module must °
be evaluated separately. The proportion of learners achieving the
stated standard of performance exceeds 70% for 10 of the 16 instructional
modules on the posttest (see Table 11). There is not a satisfactory
method for determining whether the resources 1dént1f1ed for the

instructional modules were inadequate or whether the learners did not




147

fully utilize the.resources that were made available. The original

set of instructional modules was derived primarily from a content
analysis of a single text (i.e., Lindvall, 1967) and the largest number
~ of learners consistently identified this same text as the printed
resource they had used to study for the posttest (see Table 9).

The problem of determiningAthe adequacy of the resources was
of sufficient importance to dictate a change in the PIERIM model.
Between Phase 3--Revision of Instructional Modules and Tests and Phase
4--Implementation and Evaluation of Instructiorial Modules in a Self-
Instruction Environment, procedures are recommended for individual and/
or small group implementation of the instructional medules under
controlled conditions. The controlled conditions will assure that all
| of the resources are available to the learners and that adequate time
is provided fof the learners to interact with the resources.

For 10 of the 16 instructional moduTes, the proportion of learners
achieving the stated standard of performanca 6n the posttest exceeded
.70. The effectiveness of the instructional modules did not approach
the performance levels reported by studies which have utilized system
models for design of instruction (Hagerty, 1970; Mager, 1967; & Short,
et al., 1968). Hopefully the effectiveness of the instructional modules

produced through the implementation of the PIERIM model can be improved.

It would be unrealistic to expect a system model for design of instruction

which is based on selection of resources to produce instructional
materials which were as effective as those produced by system models
which design instructional materials specifically for a set of

behavioral objectives.

s g " s - . s
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The basis used to compare the three system models for design
of instruction is considered appropriate for reviewing any model for
design of instruction. The points of comparison for the three system

models are as follows:

—
-

Assumptions upon which the model is based.

2. Personnel required to implement the model.

(¥ ]

Intended level of application.
4, Level of analysis.

5. Activities required to be completed in the implementation of
the model.

The potential user of a model for design of instruction would want to

make a more detailed analysis of any system model for design of instruc-
tion before an attempt was made to apply the model to an instructional
problem. At the present time the most complete description of the steps
involved in the implementation of a system model for design of instruction

is Briggs' (1970) most recent description of his model.

Implementation of the PIERIM Model

The implementation of the PIERIM model is discussed as it related
to: (1) selection of the instructor, (2) planning requirements,
(3) interaction between the instructor and educational technologist,
(4) evaluation of learner performance, (5) role of the instructor, (6)

role of the learner, and (7) role of the educational technologist.

Selection of the Instructor

The educational technologist had to actively solicit the

cooperation of a participating instructor. The problem of securing
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the participation of an instructor related in part to the use of an
untested system model for design of instruction and the use of instruc-
tional procedures which did not utilize the instructor as the primary
resource. Instructors will probably continue to avoid empirical
validation of their instructional materiais and/or procedures until
there is an identifiable payoff for the investment of their time and
effort.

The instructor who participated in the study showed positive approach
tendencies (Mager, 1968b) toward the PIERIM model in that he voluntarily
continued work on the instructional modules beyond his original
commitment to the study. One of the activities that he wanted to complete
was the development of a revised outline for the Evaluation Unit. Prior to
designing the revised unit outline, the instructor and educational tech-
nologist attempted to relate the instructional modules as resources
for other instructional modules which were evaluated by the instructor.

The instructor stated that he felt confident that he could implement
the entire PIERIM model by himself with the exception of the ISS computer

program,

Planning Requirements
The time schedule for implementation of the PIERIM model (see

Figure 14) indicates the starting and ending dates for the selection
of the instructor and each of the fouf phases of the model. The
implementation of the PIERIM model indicates the need for adequate
planning on the part of the educational technologist, and four critical

events which were ideritified are:
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1. Selection of the instructor.

SWw N

The dates of the pretest for Phases 2 and 4 are critical because the
instructional modules and tests must be designed and/or revised and
produced prior to each of the administrations of the pretest.
administration of the posttest in the self-instruction environment is
a critical event because of the coordination required for the use of

the other university facilities (i.e., library, computer center and test

service).

The implementation of the PIERIM model limited the resources utilized

to the audio tapes and reserve books.

availability of the tape library and reserve room on a regular basis

Phase 2--administration of the pretest.
Phase 4--administration of the pretest.

Phase 4--administration of the posttest.

This decision was based on the

to the instructional staff at The Florida State University.

scoring service and the computer facilities utilized by the ISS are

similarly available to the instructional staff.

Interaction Between the Instructor

and Educational Technologist

The interaction between the instructor and educational
technologist was guided primarily by the instructional module worksheet
(seg Figure 15). The productivity of the work sessions was found to
be related to the educational technologist's preparation for the session,
A greater amount of information was exchanged during a work session

when the educational technologist asked the instructor specific questions

e e e
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CONTENT CLASSIFICATION:

PURPOSE :

BEHAVIORAL OBJECTIVE:

SAMPLE TEST ITEM:

RESOURCES :

Fig. 15--Instructional module worksheet
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rather than conducting an unstructured work session. A prototypic
set of questions which the educational technologist would ask the

instructor would include:

1. What competencies are you going to develop in r.lation to
the topic described by the Content Classification?

2. What is the purpose of the learner mastering this competency?

3. How would you determine whether a learner has mastered the
competency?

4. wWhat resources would you use to teach the competency to a
learner?

5. The last time we met, you stated that the learner should
develop this competency. Does the behavioral objective that
I have written describe the competency as you described it?

6. Can the learner's ability to perform the competency be
evaluated by the sample test item?

7. Does the purpose adequately describe the reasons for a
learner mastering the behavioral chjective?

Ponenl  Gmmed o) Bueed Pmem) oo Sy Senwg  Bems)  Beem)  Geemg

This series of questions was quite satisfactory for refining the set

of instructional modules which were evaluated by the multiple choice

=y

test items. The educational technologist was generally unsuccessful

in getting the instructor to reveal the criteria which he was using

| Sogi |

to evaluate the learner's performance on the remaining ning instructional

modules. ‘
Both the faculty members, who evaluated the instructional modules,
and the learners generally agreed that the sample test items msasured

the stated behavioral objectives. One of the weaker clcnnnts'of tht .
interaction between the instructor and educational technologist and
subsequently the fnstructional modules was the description of the Purpose

portfon of the modules. The learners, who partidipatedlin the
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implementation of the instructiona) modules in the conventional classroom
environment, were critical of a perceived lack of relevance between the
instructional modules and the learners' interpretation of the competencies
required of an elementary school teacher. A greater effort to relate

the instructional modules to specific teaching competencies would help

establish the face validity of the instructional modules.

five categories of information:

].

4.

5.

Evaluation of Learner Performance

susmary of pre- and posttest performance data which they were given
- after each of the tests. Two specific wesknesses related to vhe

evalustion of learner performance were identified:

1.
2.

154

The final form of the instructional module contained the following

Content Classification--Key words which can be utilized to locate
additional information related to the instructional module.

Purpose--A description of the behavior which the instructional
module is designed to produce.

Behavioral Objective--Describes an observable learner behavior,
method of evaluation, subject matter content, and the standard
of performance. ' .

Sample Test Item--Provides a sample of the type of test item
which will be used to evaluate the learner's performance.

Resources--Provide complete identification of the resources
which have been identified for the instructional module. The
specific pages, which are relevant to the stated behavioral
objective, are cited for each resource.

The learners and instructor were generally satisfied with the

The same test was used as both the pre- and pos;tést.

Learner performance on the pre- and posttest was used only
for revision of the instructional materials and the assignment
of grades. v
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The same form of the test was used for the pre- and posttest because of

the recognized difficulty of writing multiple test items which measure
the learners' performance for a single behavioral objective. Additional

test items were included on each posttest to determine if the new items
did in fact demonstrate item characteristics which were similar to the

characteristics of the original test items that were used to evaluate

the learners' performance. During the first revision of the instructional

modules and tests, the additional items were a valuable source of

replacement items. The goal of the instructor and educational technologist
should be the development of at least two equivalent forms of the tests

for each instructional module.
The research design should be changed from a One Group Pretest-

Posttest Design to include a control group which does not receive the

instructional treatment. This would provide a means for determining

whether the pretest-posttest performance gains can be attributed to the

instructional modutes and/or procedures, or if the gains should be

attributed to the effects of testing.
- The learners during Phase 4--lmplementition and Evaluation of

Instructional Modules in 2 Self-lnstruction £nv{rnnment raportad that

they used their performunca on the pretest to guide their stndy efforts

for the posttest, The learners uho acbieved the standard of performance
'for an instructiona1 modu!& on the pretesttuura not. exonpt fron the

tnstruction re!ated to the 1nstruc:iona1 modu!e but rather were tested

agein on the total set of tnstructional uodulcs.; The administration of
a total unit test fur bnth tho pre- and posttest was chosen because it

greatly sfnp!ifieé the testing procedures and the interpretation of

»
!
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the performance data. The instructor and educational technologist were
not that confident in either the test items or the standard of performance
that they thought that learners should be exempt from instruction,

The ISS should be modified to support an ndividualized testing
program which would exempt learners from instructional moduies on the
basis of the learner's pretest performance and prepare posttests for
only those instructional modules on which the learner failed to achieve
the stated standard of performance. There are other configurations of
an ISS that could easily accommodate this change such as a computer-
assisted instruction system. The testing procedures car be totally
individualized utilizing the existing capabilities of the IBM 1500

system and the COURSEWRITER II programming language.

PIERIM Model (2nd Edition)
The PIERIM Model (2nd Edition) for design of instruction involves

five phases of systematic interaction between an instructor and an
educational technologist for the purpose of designing instructional
modules for use in a self-instruction environment. Tha following
explication of the PIERIM Model (2nd Edition) is divided into the five
phases: _

Phase l--ﬂasign‘cf Instructional Modules

Phase 2--Implementation and Evaluation of Instructional Modules
11 a Conventional Environment

Phase 3--Revision of Instructional ilodules and Tests

Phase 4--Individual and/or Small Group Field Test of the
“Instructiona) Modules

Phase 5--Implementation and Evaluation of Instructional iodules
in a Self-Instruction Environment,

ik
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The PIERIM Model (2nd Edition) refines the set of activities and
operationally defines the job descriptions for the Instructor (I) and the
Educational Technologist (T). The person responsible for accomplishing
each of the stated activities is identified as either the Instructor (I)

or the Educational Technologist (T):

Phase 1--Design of Instructional

(1)
(1)

(T)

abcabiadhibich SR S R e et e R AU e ke et o s AL B St
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(I) Select content area.

(I) Write a detailed outline of the content area.
4 (I) Verbally state learner competencies to be developed.
R ) (I) Verbally state the purpose for a learner achieving each competency.
: (T) Write behavioral objectives for each competency.
: (T) Categorize each behavioral objective within the content outline.
é (T) wWrite/Select sample test items for each behavioral objective.

(1) Evaluate behavioral sbjectives and test items.

(I) List resources for each behavioral objective.

(T) Write Instructional Modules for each behavioral objective.

(T) Write evaluation instruments.

Phase 2--Implementation and

Evaluation of Instructional

odules in a Conventiona

Classroom Environment

(I) Administer pretest.

Prepare summary of learner performance on pretest.

Implement instructional modules in a conventional classroom
environment.

Prepare detailed notes and cutline of class lectures.

LA ———agr. PSS — e n
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Administer posttest.

Prepare summary of learner performance on posttest.

Phase 3--Revision of Instructional

Modules and Tests

(1)
(1
(T)

(1)
(1)

(1)
(1)

(M)
(M)

Identify changes which affect all of the instructional modules.

Specify changes to be made to instructional modules and/or
test items based on a review of learner performance data.

Identify additional resources for the instructional modules.
Match resources to each individual instructional module.

Review class notes and additional resources for each instructional
module.

Prepare a summary for each instructional module.

Prepare an audio tape of the summary for each instructional
module.

Revise instructional modules.

Revise evaluation exercises,

Phase 4--Individual and/or Small

Group Field Test of Instructional

(M)
(1)
(M)
(1)
(1)
(1)

‘Modules

Administer pretest for instructional modules.
Provide learner(s) with each applicable resource.
Admini¢ ier evaluation of resources.

Administer posttest for instructional modules.
Prepare summary of learner pekformance,

Interview learner and discuss his performance on the
instructional modules.

e mme  wp em——y e - B ——
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Phase 5--Implementation and Evaluation
of Instructional Modules in a Self-
Instruction Environment

(I) Administer pretest.
(T) Prepare summary of learner performance on pretest.
(1) Implement Instructional Modules in self-instruction
environment.
(I) Administer pocsttest.
(T) Prepare summary of learner performance on posttest.
(I & T) Repeat Phase 3 through Phase 5, until each Instructional

Module achieves the standard set for the instructional

system.

A flow diagram (see Figure 16) represents the five phases of the PIERIM
Model. Just as the sing]e‘implementation of the PIERII Model resulted
in changes to the model, future implementations of the model will be
expected to further clarify the activities and possibly identify addi-
tional activities which must be included in the PIERIM Model.

The PIERIM Model (2nd Edition) does not differ sufficiently
from the original versioﬁ of the PIERIM Model to affect the comparison
of the model with Briggs' (1970) and Dick's (1969) models. The major
change included in the PIERIM Model (2nd Edition) is Phase 4 - Individual
and/or Small Group Field Test of Instructional Modules. The PIERIM
Model (2nd E-“ition) provides the means of minimizing all but the first

of the three potential weaknesses in a set of instructional modules

produced as a result of implementing the model:
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1. The relevance of the instructional modules cannot exceed the
relevance of the subject matter content when compared to a specific
teacher behavior.
2. The instructional modules, in toto, might be insufficient
to achieve a specified learner behavior.
3. The instructional resources that are matched with an instruc-

tional module could be inadequate to achieve the desired learner behavior.

Role of the Instructor

The instructor is the content expert and final authority in the
PIERIM model. He is responsible for defining the learner competencies
to be developed, the manner in which the competencieé are to be evaluated,
and tﬁe resources to be used to develop the competencies. All of the
work of the educational technologist is reviewed and either approved or
modified by the instructor. The instructor interacts with the learners
for the purpose of:
1. administering the pre- and posttest,
2. orienting the learners to the instructional modules and procedures,
3. serving as either a primary or secondary resource for each instruc-
tional module, and
4. evaluating the learners' performance for each instructional
module which specifies evaluation by the instructor.
The method used to document the interaction between the instructor and

the learners (i.e., tape recording of class lectures) proved to be

- N e
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unsatisfactory due to the large number of equipment and/or human

errors associated with the-activity. The educational technologist was

‘made responsible fof the documentation of the interaction in the class-

room in the PIERIN Modé1 (2nd Edition). The use of a classroom observer
will be the method next used to doccument the interaction between the
instructor and the learners.

It is perhaps unwise to generalize from a single implementation
of the PIERIM model because the specific activities and/or the sequence
of activities could conceivably change if the model were implemented
with an instructor who was more experienced in teaching the course being
developed. Based on a single implementation of the PIERIM Model, future
implementation of the PIERIM Model (2nd Edition) would be facilitated
if the instructor were given training in the following areas:

1. stating desired learner competencies in terms of observable
behaviors,

2. relating'content mastery to future teaching competencies, and

3. interaéting with existing educational technology.

Role of the Learner
The learners were given three distinct roles within the implemen-
tation of the instructional modules. The learners:
1. interacted with the instructional modules,

2. recommended changes to the instructional modules and/or
procedures, and

3. expressed their attitude toward the instructional modules
and/or procedures.
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The learners did not appear to understand that they could make a meaning-
ful contribution to the revision of the instructional modules. One of
the major tasks related to the implementation of the PIERIi lodel (2nd
Edition) will be the development of methods and procedures for the orien-
tation of learners to the importance of empirical validation of instruc-
tion and their role in the validation procedures.

The use of the Evaluation of Resources (see Figure 13) resulted
in an improved level of learner participation in the PIERIM Model. The
simplicity of the form and the ease with which the learners could
respond are considered the major reasons for the improved participation
on the part of the learners. The Student Questionnaire provided a means
by which the learners could respond to specific aspects of the instruc-
tional modules and procedures. The questionnaire needs to be redesigned
using a more structured form of questioning and/or specified categories
of responses from which the learner could select rather than construct
his response. The aim of the questionnaire is to provide a comunication
channel between the learners, instructor and educational technologist
which is readily and unambiguously interpreted.

The training recommended for the learners includes the opportunity
to participate in instructional development activities on a regular and
required basis. Their preparation for participation in the development
activities should include:

1. system models for design of instruction,
2. demonstration of instructional methods and/or procedures, and

3. introduction to educational research methodology.

-

-
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Role of the Educational Technologist

The educational technologist is required to coordinate the
total set of activities related to the implementation of the PIERIH Hodel.
The educational technologist is assumed to have mastered the skills
required to implement a system model for design of instruction such as
Briggs' (1970) and Dick's (1969) models. In addition to these skills,
the educational technologist should receive training in:
operation of existing educational technology,
computer programming,

project management techniques,

oW NN e

identification of sources of information concerning available
multimedia resources, and

5. non parametric statistics.

Cost_of Implementing the PIERIM Model

The cost of implementing the PIERIM model reflects only the
time other than actual class time that the instructor and/or educational
technologist were involved in activities directly related to the imple-
mentation of the PIERIM model. The personnel costs are lower than one
would expect because both the instructor and educational technologist
are figured at $4.00 per hour or $320 per month for a half time graduate
assistant. If the personnel costs for design of the instructional modules
and tests were doubled, $8.00 per hour, then this would represent an
annual salary of $ii,360 for both the instructor and the educational tech-
nologist. A summary of the actual cost of implementing PIERIM (see

Table 18) indicate that the total cost of designing and producing the 30

e . ey e e — -
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sets of the 25 instructional modules and tests is $768.52 or an average
of $25.80 per instructional module and related test items. The design
and production cost based on an annual salary of $15,360 would increase
to $49.28 per instructional module and test items. The projected cost
of implementing the PIERIM Model with faculty members (see Table 19)
estimates the cost of designing 1, 25, and 100 instructional modules
and test items and the production of 1, 30, 100, and 300 sets of the
instructional modules and test items.

TABLE 19.--Cost projections for the design and production of instructional
modules and test items

Number of Instructional

Modules Designed Number of Sets Produced
1 30 100 300
1 $ 49.28 $ 54.21 $ 66.11 $ 100.11
25 1232.00 1355.25 1652.75 2502.75
100 4928.00 5421.00 6611.00 10,011.00

NOTE: Cost estimates are based on the implementation of the PIERIM
Model with faculty members. The design cost and production
cost figures are $49.11 and $.17 per instructional module and
associated test items. _

Instructional Support System
The Instructional Support System (ISS) is operationally defined

as the set of capabilities required to support the implementation of

the PIERIM Model. The set ~“ <:.puter programs (see Appendix G) and

tne other resources that comprised the ISS represint Just one of many

[, -
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possible configurations of an ISS capable of supporting the implementa-
tion of the PIERIM Model. The ISS serves three functions: .
1. production of instructional modules and tests, -
2. evaluation of learner performance, and
3. analysis and summary reports of learner performance data.

The specific capabilities required of the ISS for the production of the

instructional modules and tests include: 4I
1. production of any specified number of sets of the instructional
modules and tests, I

2. sequencing of the instructional modules and test items in any
specified order, and

3. revision of the instructional modules and test items possible
at the lowest practical level. -

The 1SS programs IMPROD and TEST possess each of the capabilities
specified with the line of print being used as the basic unit for revision

of the instryctional modules and test items.

The cost of producing the ISS computer programs camnot be pre-
cisely determined. The educational technologist programmed, key punched
and tested each of the programs. The best estimate of the total cost
of producing and testing the prograns 1s 5434.00.; The cost of producing

sets of the instructional modules and tests are basod on production

runs of 30 sets of each of the materials. Thc production runs tilizad

binary source decks and program listing werc not produccd The suunnty

reports of the learners performance are based on the actual ‘production
Acosts associatgd Qith the iupleuentation of the programs during

Phase 4 of the PIERIM Hodel. |
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The Division of Instructional Research and Service at The
Florida State University offers a test scoring and analysis service
for use by the instructional staff. The characteristics required for
the evaluation of the learner's performance include methods for:

1. presenting the test items,

2. recording the learner's responses,

3. evaluating the learner's responses,

4. summarizing the learner's responses, and

5. producing a record of the learner's responses.
The test scoring service provided the means of accomplishing all of the
requirements with the exception of presenting the test items. The summary
of the learner's responses was for the total test rather than for each
instructional module separately. The response record of each learner
was punched in a format which was interpretable by a computer program
written in FORTRAN IV programming language and the ISS programs EVAL and
STAT provided more detailed analysis of the learner's performance.

The services provided by the university library included: place-
ment of the books identified as resources for the instructional modules
in the reserve room of the library, storage of the audio tapes, and
facilities for listening to the tapes. The library provided the instructor
with a monthly report of t!n tape usage by tape nusber and time of day
(1.e., day or night). The set of 11 tapes were checked out a total of
263 times with 28 percent of the usage occurring after 6 p.m. and 56
percent of the usage occurring the day preceding the posttest. The
a_udio tapes were produced as susmaries for the instructional modules
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and the learners generally found them to be a useful resource in pre-
paring for the posttest.

The ISS supported the implementation of the instructional
modules and tests in the self-instruction environment. There were never
any delays in the program due to the ISS, and the learners received
the symiary of their performance of the pretest and posttest the day
after they completed the test. The main disadvantage associated with
the ISS is the relatively high cost of using the computer as the repro-
duction faciiity for the instructional modules and tests. It is possible
that an alternative strategy could be implemented; using the computer to
generate a master copy and then reproducing the multiple copies by more
traditional methods. The majdr advantage of the ISS computer programs
is the facility with which the instructional modules, tests, and reports

can be tailored to the individual instructor's specifications.

Implications of the Study

This study adds to some but not all of the areas of research
reviewed in Chapter II - Survey of Literature. The relationship and
contribution of this study to the state of the art are reviewed for:

1. Current Interest in Curriculum,
Instructional Systems,
. Mastery ifodels and Criterion-Referenced Measures,

. ..Educational Technology; and

[ IR - S 7C B A

Innovations in Education.
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Current Interest in Curriculum

The set of instructional modules produced through the implementa-
tion of the P{ERIM Model for the evaluat:ion unit camnot be considered
a curriculum for the unit of instruction The instructional modyies
provide a statement of trhe terminal object ves but fail to either
describe the sequence of prerequisite cipsbilities or identify the
initial capabilities assumed to be possessed by the learner. It ‘¢
conceivable that future revisions to the FIiERIM mode! could resyis e
the production of instructicnal modulss which meet the requirements
for a curriculum of the content area to which the PIERII Model was

applied.

Instructional Systems

Each of the phases of the PIERIM model and each of the i3S com-
puter programs were found is correspond to at least one of the five
general subsystems of an instructional support system (see Figure {;:

1. Phase 1 of the PIERIM model and the 1SS programs IMPROD and
TEST correspond to the Design/Selection of Instructional Haterials
Subsystem,

2. Phase 2 and Phase 4 of the PIERIM model correspond to the
Implementation subsystem,

3. ISS programs EVAL and STAT correspond to the Evaluation
Subsystem,

4. Phase 3 of the PIERIM model corresponds to the Revision Sub-
system, and

5. ISS programs EVAL and STAT and the interface established
between the test scoring service and the ISS programs represents a
weak correspondence to the Information Management Subsystem.

i




1
Although the 1SS developed for this study is a relatively simple system,
it does relate to a more general instructional support system sufficiently
to be referred to as an 1SS. The major advantage of the ISS designed
to support the implementation of the PIERIM model is that only existing
technology was utilized and that technology is generally available to

the staffs of teacher training programs.

System Models for Design of Instructicn

The PLERIM el wes proved capable of transforming the content
~of én elementary eaucaticn course ints a format {i.e., instructional
" module) which is compatible with an individualized teacher training
program. The implementation of the PIERIM model was accomplished with
the assistance of an instructor from the Department of Elementary Educa-
tion at The Florida State University. Elementary education majors
interacted with the instructional modules and resources and performance
indicates that the instructional modules and/or procedures are moderately
effective in producing the desired behavioral changes in the learners.
The major modification included in the PIERIM model (2nd Edition) is
the inclusion of the procedures for individual and/or smail group field
test of the instructional modules.
The PIERIM model is a contribution to the field of system models

for design of instruction because:

1. PIERIM is a selection model as opposed to a design model, and

2. PIERIM 1s an interactive model which specifies activities for

the instructor (i.e., content expert) and educational technologist
for the implementation of the model.
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The assumptions upon which the PIERIM model is based are specified and
the potential user of the model can decide for himself if the PIERIM

model is applicable to his instructional problem. The new assumptions

are: g
1. Performance-based teacher training programs require a variety h
of instructional systems, one of which could be concerned primarily ]
with enabling learners to master relevant cognitive skills.
2. A significant portion of the cognitive skills which comprise 1

existing pre-service teacher training programs is applicable in a
performance-based teacher training program. T

3. The instructor is a subject matter expert.

4, The instructor is primarily a selector rather than a designer
of instruction, and

5. Existing system models are best suited for design of instruction
rather than selection of instruction.

The comparison of the PIERIM model with Briggs' and Dick's models
provides the teacher educators with a frame of reference that is appli-
cable for reviewing other methods for designing instruction:

. assumptions upon which the model is based,
personnel required to implement the model,
intended level of application,

level of analysis, and

(&, B - S L

activities required to be completed in the implementation
of the model.

The PIERIM model could be considered as a potential method of
training faculty members in the use of a systems model for design of

instruction. After the study was completed, the instructor stated that
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he felt confident that he could implement the PIERIM model by himselr
if -an educational technologist would assist with the Instructional
Support System. It is estimated that one educational technologist
could work with three or four faculty members simultaneously in the
implementation of the PIERIM model if the units of instruction were
not more than three weeks in length.

Mastery Models abd Criterion-
Referenced Measures

The ISS programs EVAL and STAT were soecifically designed for
use with criterion referenced measures and a pretest - posttest evalua-
tion design. Preliminary work related to the development of a Revision
Indicator provides one method of ranking instructional modules which
are evaluated using criterion-referericed measures. The ilcNemar test
appears to be useful for evaluating changes in learner performance from
pretest to posttest. The McNemar test is insensitive to the number of

learners who remain in an unlearned state on the posttest.

Instructional Packages

The instructional modules produced through the impTementation of

the PIERIM model do not meet ali of the characteristics of an instructional

package (Ubben, 1970). The instructional modules are best classified
as learning guides rather than instructional packages. The specific
characteristics which prevent the instructional modules from being

classified as instructional packages are:
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1. Each learner did not receive a complete set of the instructional
modules and rescurces nor were there complete sets of the materials
packaged for use by the learners for each instructional module.

2. The media choice was 1imited to pronted materials and audio
tapes for the instructional moduies

3. Evaluation devices and self test: werc not made available to
the learner on the instructional mougule level.

“Educational Technology

The 1SS programs and the computer provided a means for producing
ihstructiona] modules and tests. Even though the cost is greater
than producing the materials by traditional methods, the advantages of
speed and ease of revision the materials make the methodology competitive
with traditional means. The possible solution of utilizing the computer
to produce a master copy and then reproduce additional copies by a more
tradifional means could possibly reduce the cost and yet retain the
advantages of the computer generated instructional modules and tests.

The method of programming each instructional module and test item as a

separate FORTRAN IV subroutine greatly increased the flexibility of the

1SS programs.

The popularity of the audio tapes cannot be interpreted as
meaning that Lhe tapes were necessarily effective in producing the desired
changes in learner behavior. The popularity of the audio tapes supports
the findings of Meene, et al. (1969) in that the general reaction of

the learners to the tapes was favorable.
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Innovations in Education

The problems associated with the implementation of innovative
changes in an instructional program of higher education (llayhew, 1967)
were encountered in the present study. The most critical activity of
the study was securing the cooperation of the instructor for the
implementation of the PIERII model. Faculty members of the teacher
training program appeared to be resistant to changes in their instruc-
tional program and/or procedures. Teacher training programs should
consider the potential of utilizing advanced graduate students to
prepare the instructional modules and tests required to support an
individualized preservice teacher training program. The use of the grad-

uate student reduces the personnel costs to a minimum.




CHAPTER X
IMPLICATIONS FOR FUTURE RESEARCH

The implications of the study for future research are reviewed
as they relate to the areas of: teacher training systems, implementa-
tion of the PIERIM model, and the Instructional Support System. There
are many more major research questions related to the areas indicated
but the discussion will be 1imited to those areas which would be
beneficial specifically to future implementations of the PIERIM Model
(2nd Edition).

Teacher Training Systems
The implementation of the PIERIM model focused on a need for

research related to both teacher training systems and the PIERIM model.
Teacher training systems seemingiy have not set up procedures and reward
systems which would encourage instructors and/or learners to participace
in the empirical validation of instructional materials and/or procedures.
The need exists for research related to the development of procedures and
reward systems which place an emphasis on the design and validation of
instructional equal to that currently placed on other research activities
and publications.

" One set of procedures which might be considered 1s:

1. Establish within the teacher training pro?ran the facilities and
staff of educational technologists to assist faculty members with the
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development of instructional materials and/or procedures for an indivi-
dualized teacher training program.

2. Require that all education majors participate on a regular basis
in the development of instructional materials and/or procedures for the
teacher training program.

3. Release instructors from regular teaching assignments for the
expressed purpose of designing instructional materials in their areas
of specialization, and

4. Include the deveiopment and documentation of the effectiveness

of instructional materials as one of the requirements for promotion
within the teacher training system.

Implementation of the PIERIM Model

Several specific areas of research are suggested which relate

to the implementation of the PIERIM model. Six major areas of research

can be considered.

]

Behavioral Objectives

The implementation of the PIERIM Model resulted in the production
of a set of behavioral objectives for the evaluation unit of an elemen-
tary education course. Research is needed to determine whether these
behavioral objectives are the same as a set of behavioral objectives
which would be derived through a job analysis based on the tasks actually
performed by elementary school teachers. If discrepancies exist
between the two sets of behavioral objectives, are there methods for

predicting the discrepancies for other content areas?

Standards of Performance

Rksearch is needed to determine the nature of the relationship
between the standard of perforr:ince attained by a learner and the

learner's performance on both immediate and delayed retention tests.
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Revision of gn;trgtional Modules
There 1s a need for the development of a simplified method of

ranking instructional modules as to their relative need for revision
and a rationale for terminating the revision process for an individual
instructional module. The preliminary work related to the Revision
Indicator could possibly be expanded to include subjective ratings by
the instructor and/or the learners. Research related to the use of
minimum change values in the calculation of the Revision Indicator
rather than the simpler dichotomy which classifies observed changes as
being efther in a specified direction or in the opposite direction
could possible improve the sensitivity of the Revision Indicator.

A rationale is needed for selecting the criteria to be used to
terminate the revision process for an instructional mcdule. Should the
criteria be the same for instructional modules produced by a selection
model and a design model? The criteriz of available timo and financial
resources between successive implementations of the instructional modules
must be considered when the design goals of an instructional system are
establishec.

Basic Unit of Instruction
The basic unit used by the PIERIH mode! for development and

revision was the instructional module. The basic unit used for evaluation
of learner performance was the set of 16 instructional modules. It is
necessary and/or desirable to use the same unit of instruction for
development, implementation, evaluation and revision. Research is
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needed which would investigate the relative efficiency of using different
basic units of instruction (i.e., training program, course, chapter, task,
instructional module, etc.) as the basis for the development and revision

of instructional materials.

Implementation Strategy

Does the strategy used to implement the instructional modules
affect the learners' performance? I[f the same set of instructional
modules were presented to three groups of learners:

Group 1 - the learners would be given a pretest, interact with
the instructional modules and resources, and be given a posttest.

Group 2 - the learners would be given a pretest, exempted from
instructional modules on which the standard of performance was achieved,
interact with the instructional modules and resources, and be given 2
posttest.

Group 3 - the learners would be given the instructional modules
and required to achieve the standard of performance for each instructional
module, allowed to interact with all of the instructional modules and
resources, and be given a posttast.

How would the procedures used to implement the fnstructional wmodules
affect the learner's performance on the immediate or a delayed retention
test? |
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Trait - Treatment Interaction

Approximately 70% of the learners in both groups indicated that
they would select a course taught with instructional modules rather
than the same course taught without instructional modules. Can a common
characteristic or set of characteristics be identified for the 30% of
the learners who preferred a course without instructional modules?

Assume that a common set of characteristics were identified for
the learners who preferred traditional instruction to the use of instruc-
tional modules and self-instruction. If the set of characteristics
did in fact identify those learners who would respond in a similar manner
then the challenge to the instructor and educational technologist would
be to determine methods of accommodating the individual differences
within the self-instruction environment. Redundancy of instructional
resources 1s one possible alternative but it is questionable if this method
is economically defensible. An alternative area of research would be
the oriertation of learners to the needs for and purpases of instructional
research and the validation of instructional materizls. Would it be
possible to design an orientation which allows each learner to ask any
questions which he felt were relevent and of concern to him? What pro-
cedures can be built into a self-instruction environment which will

facilitate conﬁunicntion between the instructor and the learner?
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Instructional Support System

The research needed in relationship to an ISS can be classified
into two areas: .
1. production of the instructional modules and tests, and
2. distribution systems for ISS tyne computer programs.

Production of Instructional Module
and Tests ‘

The cost of producing 30 sets of the instructional modules and
tests for the evaluation unit was determined to be approximately $2.03 4

per set of 25 instructional modules and tests. The major portion (i.e., :

91%) of the cost is related to the use of the computer as the production
facility. Alternative combinations of existing technology need to be
considered in order that the cost of producing the instructional modules
and tests can be reduced. Possibly the computer should only be used to
produce a master copy of the instructional modules and tests and then
alternative methods of producing multiple copies of the materials should
be considered. More efficient FORTRAN IV programming techniques could
possibly improve the efficiency of the ISS computer programs.

Distribution of ISS Type
Computer Programs

'The basic unit of the ISS computer programs is the FORTRAN IV
subroutine. Research is needed to determine which methods are currently
feasible, the tradeoffs between alternative methods,and the costs
involved in implementing each of the methods. One possible method of

exchanging subroutine programs would be the establishment of a common
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time sharing system for all teacher training institutions. The time
sharing system would serve as a library of instructional modules and
test items, each written as a FORTRAN IV subroutine, and then each
participating teacher training institution would have access to the
most recent version of each rrogram as it was produced.

Each of the areas of needed research that have been discussed
are relevant to future implementations and revision of the PIERIM HModel
(2nd Edition). The PIERIM model was designed specifically for use by
educators involved in the preservice teacher training programs. All
educators are encouraged to consider system models for design of instruc-
tion as the underlying model for teacher training. When teacher training
programs have been designed through the application of system models
for design of instruction, then future teachers can be told to teach

as they were taught.
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