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CHAPTER 1
THE FEHR-PRACTICUM SYSTEM

This report is organized in five chapters. Chapter one contains
an introductory discussion of the needs and purposes served, a de-
scription of a practicum session, and detailed specifications for
each of the physical components of the system. Chapter two contains
a description of the cbmputer program which generates FEHR-PRACTICUM
data, and presents evidence of its portability and adaptability.
Chapter three -describes the evolution of the present set of simu-
lation problems and provides evidence of the internal validity of
each problem, Chapter four presents the results of the empiricé]
evaluation of the FEHR-PRACTICUM system in a variety of instructional
roles. The fifth and final chapter provides a summary of the evi-
dence regarding the system's effectiveness, and d1scusses the im-
"p11cat1ons for its dissemination and use.

SECTION I.  INTRODUCTION

The purpose of this project was the formative and summativé
evaluation of FEHR-PRACTICUM, which was developed under contract
number OEC-0-70-4773(520) with the U. S. Office of Education during
1970 and 1971. FEHR-PRACTICUM is a computerized simulation which
provides practical experience in decision-oriented educational re-
search and evaluation. It is intended as a pedagogical tdol to '
facilitate instruction in such program-evaluation tasks as defining
the problem, operationalizing objectives, designing valid field
studies, budgeting, writing proposals, analyzing data, and inter-
‘preting outcomes with respect to an impending decision. The acronym
FEHR (pronounced "fair") stands for formative evaluation and heu-
ristic research. Formative evaluation refers to an assessment during
the development of a program which performs the functions of feed-
back, diagnosis, and guidance. Heuristic research is meant to suggest
a decision-oriented process that seeks practica]lsolutions to edu-
cational problems. The name FEHR-PRACTICUM was intended to emphasize .
our focus on a practical prob]ém-éo]ving experience which features

by

il
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the use of research/evaluation technology in making deciéions about
educational programs.

Need

In late 1969, education entered an era in which its sources of
revenue began to dry up while its costs continued to climb at an

accelerating rate. The ¢ uduced an inexorable demand
for educators to provic e their programs were, in fac’
producing the results iui b ..ey were intended. Simultaneous., ,

educators themselves, faced with austerity budgets, began to clamor
for information which would help them decide which programs were

most effective and efficient and, alternatively, which could be most
easily sacrificed. Many were surprised to discover that personnel '
who could supply relevant, convincing information were largely un-
available ~- despite the intensive national research training effort
of the sixties.

The reasons for this apparent failure are discussed in a com-
prehensive report by the Phi Delta Kappa National Study Committee
on Evaluation (Stufflebeam, et al., 1971, pp. 302-307). Collecting
valid information for this kind of educational accountability, they
say, required personnel who are skilled in adapting and integrating
the ideas and methods of classical educational/psychological research,
economics, political science, administration, decision theory, and
general systems theory to meet the specific needs of an impending
educational decision. Persons with these skills are hard to find --
~ even among the graduates of doctoral programs in‘educaf}onal research/
evaluation at our most prestigious institutions. Although they iden-
tify certain concepts and techniques which need further development,
the PDK Committee points out (pp. 307-308) that most major univer-
sities currently offer courses which could develop most of the re-
quired conceptua] skills. What is missing, they say, is a carefully
planned sequence of apprenticeship or practicum experiencés which
can be completely integrated with the instructional activities of
the regular curriculum.

Instructional Ro]e'

The traditional apprenticeship or b?éctiéum experience is un-
suited to the training task described above for two‘reasons: (1) it is
. 2 . .
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usually too far removed from the classroom in both time and distance
to permit either direct abp]ication of the principles studied or
planned reinforcement activities, and (2) the sequency of activities
dictated by the needs of the project seldom coincide with the in-
structional objectives of the training prdgram. However, FEHR-PRACTICUM
permits students or practicing professionals who wish to upgrade their
skills to get practical experience in a variety of realistic decision-
oriented field studies ranging from the validation of a questionna{re
for student evaluation of teaching at ti. college level to the assess-
ment of an elementary reading progran. r the evaluation of a Headstart
project. Each of the above examples is based on a'FEHRQPRACTICUM
problem. There are eight major problems available, each set in a
different content area and involving subjects at a different edu-
“cational Tevel.

‘It is important to understand at the outset that FEHR-PRACTICUM
is not intended to provide instruction in research/evaluation tech-
niques. Rather, it provides an opportunity to apply theoretical
principles to practical educational problems, to practice and de-
velop research/evaluation skills in a. complex environment which re- .
quires constant extension, generalization, and adabtation of those
principles. Pedagogically, FEHR-PRACTICUM is a manageable field ex-
perience which is always accessible. It provides a safe vehicle
for practicing complicated research strategies, and it_provides' '
immediate feedback on the effects of long-term treatments. When
carefully articulated with an éppropriate training program, the
practicum can provide a thread of continuity about which disparate
ideas coalesce, thus promoting integration and synthesis.

However, FEHR-PRACTICUM, like other field experiences is not
particularly fruitful in isolation. If the practicum is not accom-
panied by planned instruction, it is imperative that the player-
trainees have access to expert consultants and/or ample reference
materials assigned for independent. use. A discussion of the in-
struciional implications of integrating FEHR-PRACTICUM into,an ex-
isting training program_is provided in a subsequent section.

15
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Practicum Environment

An important advantage of a FEHR-PRACTICUM is that it allows
participants to try out new approaches to planning, budgeting, and |
evaluation without subjecting real student-subjects to the uncer-
tainties of experimental conditions. Instead, the subjects for
FEHR-PRACTICUM experiments are drawn from the simulated school sys-
tem of Fair City, which is located in the mythical state of Utopia,
U. S. A, The instructional effectiveness of the practicum is di-
rectly related tc - quality and depth of this simulated environ-
ment. o ’

?eir City. . . cxcitement and challenge of real-life research
derive from its potential for improving the educational experience
of human beings. Early in the development of FEHR- PRACTICUM, it was
discovered that a simulation's capacity to provide this motivating
human dimension is heavily dependent upon the degree of contextual
detail. Consequently, a great deal of effort was spent in construct-
ing a "community" of sufficient complexity to provide the environ-

ment for a variety of educational problems. Participants in the game

“are given a comprehensive description of the community in the form

of an illustrated publication produced. by Fair City's "Chamber of
Commerce". A copy of this pub11cat1on appears in a subsequent section
of this manual. '

; Fair City and the state of Utopia are composites of several
real cities and states which were carefully chosen to represent the
various geo-political sections of the United States. Like most
American cities, Fair City has recently experienced avperiod of
rapid growth with an especially large increase in the black popu-
lation. In the last dozen years, it has changed from a sleepy town
of some 40,000 souls to a bustling city of more than 120,000. The

'1mm1grant blacks, be1ng poor, usually settled in the old central area
of the city, a region crowded with decaying tenements. The 1arge1y
white suburbs, on the other hand, are rep]ete with manicured lawns
and back yard swimming pools. Many of the educat1ona1 problems with
wh1ch FEHR-PRACTICUM p]ayers w111 be concerned derive from these
social conditions. : :



The format of the FEHR-PRACTICUM problems was specifically de-
signed for flexibility. Basically, this was accomplished by pro-
viding a checklist of optional assignments which allow the Game
-Manager to adjust both the scope' of the practicum as a whole and the
complexity of each of the tasks involved. Guidelines for choosing
the options best suited to the instructional purposes of a particular
pracpicum session are provided in section III of this manual.

The extremely flexible structure of the FEHR-PRACTICUM is illus-

trated by its use as the core expérience in_each of the following
training activ’ "ies:

« Lu2:..-session Saturday morning extension course (workshop)
designed to acquaint educational administrators with the |
basic principles of empirical program evaluation. The éourse
emphasized problem conceptualization skills and the ability
to communicate with statistical consultants. There was
little formal instruction in the course: the course con-
tent was transmitted primarily through intensive consul-
tation during)the problem solving process.

2. A one-semester laboratory practicus dlesigned to acquaint
first-year graduate students in Sp - .1 Educatiom with the
strengths and weaknesses of variou: :andardized tests com-
monly used to diagnose learning disv.i]ities, the principles
of differential diagnosis, and the_b::ic ideas of research
design and statistical analysis.

3. A two-semester sequence of research design and data analysis
courses required. of all Ph.D, students in education. Most
of these students had no previous'research experience, and
many had previously established negative attitudes towards
mathematics and were openly anxious at the prospect of
learning statistics. '

SECTION TI: DESCRIPTION OF FEHR-PRACTICUM

In this section, a general description of the overall game is
giwrz, followed by a more detailed explanation of the various game
- components. We will describe a complete-and comprehensive-praeticum—
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session to illustrate all aspects of the FEHR model. However, the
reader should be aware that in practice any coherent subset of the
tasks may be assigned. Throughout this description it is assumed
that players have been organized into research teams. Although it
is possible to play FEHR-PRACTICUM as individuals, or for an indi-
vidual to play by himself, experience has shown that a richer, more
meaningful experience is obtained with the give and take of group
decision-making. Consequently, a session usually consists of two

or more teams, with each team consisting of from two to five members.

Player's Task

At the beginning of a FEHR-PRACTICUM play each participant is
given a Player's Handbook consisting of a brief narrative déscription
of the game, an illustrated description of Fair City, a set of pro-
grammed instructions for playing the game, an RFP (Request for Pro-
posals) package containing detailed information about the team's
task on this play of the game, and copies of the various request
forms used tw piay the game.

In ganemal, the RFP package prdvides a verbal statement of an
educatiomal pramlem, identifies the set of (simulated) studemts in-
volved im = Troblem, describes several alternative treatments
(educatimmzi nrograms) designed to attain that objective, and lists
the test=s=mu othrer instruments which may be used to gather infor-
mation. ~T= players are them asked to determine empirically which
of the “mrmative programs can best meet the stated objective.

Te: <=ams are free to attack their problem in any way they wish,
efficient or otherwise. But, throughout the game their actions are
subject ir The same rewards and frustrations that could be :expected
in real T¥4e. Many of these derive from—=he fact that research costs
money. Tar example, a team may have too xmall a budget to permit
them to smumy all the variables they think are important, or they
could even #mve their budget cut by the Schoo] Board.

Operating Sta*

In addition to the participating teams, at least two staff mem-
bers are r=gufired to operate FEHR-PRACTICUM: a game manager and one
- - —or-more-resesrch consultants. The-part p]ayeﬂ:by‘éach staff member ~

6
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is explained below.

The dame manager acts as liaison between players and the game
"components which simulate the educational system. In the field eval-

uations, the game manager was usualiy a graduate student, familiar

with computers, who had been given two or three hours training in

using the physical components of the practicum. The game manager is
responsible for collecting monies charged for information (e.g., giving
a test to 100 students), and keeping the financial records.

A research consultant serves the same functions as he/she would
in real life. Whenever a team is uncertain about research method-
ology, it may hire a consultant to help. At the beginning of each
session,‘thelgame manager provides a vita on each available consul-
tant to Héjp the teams decide which person to hire for any one task.
A consultafit ‘may be hired at any time during the game, providing one
is available -- at any point in time it is possible for all the con-
sultants to be engaged by other teams. The cost of consultant ser-
vice will vary accordimyg to the qualifications of the person concerned.

In our evaluation trials, FEHR-PRACTICUM was frequently used
in conjunction with a course on research methods. In this arrange-
ment a consultant is unnecessary: the instructor and the contents
- of the course per se perform that function.

Overview of the Game

In FEHR-PRACTICUM each team is hired to "solve" a research/eval-
uation prob]em; Throughout the problem-solving process, the teams
must collect information about past ;esearch in the area and:about
the behavior of the research subjects (students and teachers). In
FEHR-PRACTICUM, synopses of previous research are printed in the
Information Bank, a kind of simulated library, and both the research
environment (Fair City) and the behdvior of the research subjects
are simulated by a computer program. Therefore, the teams cannot
visit the research site in the usual manner. Instead, they must
collect their information via the game manager, who might be thought
of as a special information 1ine which connects the teams to the -
simulated school system.. This characteristic of FEHR-PRACTICUM is
. illustrated._in figure 1.1. .. - 9 L :
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FEHR-PRACTICUM is best viewed in two dimensions, the resource
dimension and the process dimension, as illustrated in figure 1.1.
On the right the process by which a team "solves" an evaluation
problem is defined. On the left are the physical components from
which the players obtain the information required for their problem-
solving activities. Typically, the solution process can be divided
into two parts: which we shall refer to as the descriptive phase

and the comparative phase.

In the descriptive phase, each '™ i Cuncei..  with obtaining
an adequate definition of the problem -- 1ts'nature, severity, and
extent — and in determining what other people (i.e., past researchers)
hawve done to remediate cthe problem. To accomplish this task, players

must review the past research in the field, relate the research find-

ings to their knowleecme of the community in which the problem is set
(Fair City), and concuct surveys (via the Data Generator) using appro-
priate tests to determine how many students are affected and how
severs the problem is. After each team has reported its findings

(the descriptive repart), all teams working on the problem meet to-
gether with the game manager and the consulant(s) in a critique

session at which eacn team's report is critically examined.

During the comparative phase, each team is required to design
and conduct an "experiment" to compare the effectiveness of the
available treatments with students of various characteristics. The
teams then analyze the results, and decide which treatment the schools
should use with each type of student. Each team's decision is syb~- .
mitted to the game manager who "operates" the system with that de-
cision in the computer simulator. The computer has the capacity
to try one treatment with a student, then set him back where he
started and try another treatment. Tt is therefore possible to com-
pute each team's "decision effectiveness index," which is the ratio
of the total growth (learning) obtained under the team's decision
to the total growth possible if each student were assigned to the
treatment which maximized his growth. In addition, the computer
prints, for each available treatment, a set of summary statistics
which describe the characteristics of the students whose growth was
maximized by that treatment. At the.end of the game, the game manager,

)
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consultant(s), and players meet together in a consolidation session
at which the decision results of each team are critically evaluated
" ¥ dwenann..2Nd the methodological implications discussed.

Lo

Players can best comprehend the nature and scope of the research
projects possible -in the FEHR-PRACTICUM system -: ‘magining ‘hat a
real school system exists at i.: other end of tne ““srmat.on ~ine,
and that the computer program is a "research assistant" who will do
exactly what they ask -- no more, no less. Although it is not able
to converse with players, the program can perform the following tasks:

(1) Search the schenl files and rexurn information such as the
grade and past or present achimvement scores for an indi-
vidual student, or for all students in a particular school
or class.

(2) Administer tests, attitude scales, or questionnaires to
individuals or to a group of students and return the re-
sulting scores. However, in any one FEHR-PRACTICUM problem,
the only tests which can be administered are those listed
in the variable catalog which is provided at the beginning
of the game. ‘ '

(3) Find and print out the names (ID numbers) of subjects who
have patterns of variable scores of a pre-specified type.
For example, it could print out the ID's of all students
in grade 7 who are male and had IQ scores less than 100.

(4) Administer any specified treatment (educational program)
to students identified.by individual ID's or to groups of
students identified by ichool, c]as§ or a pre-specified
pattern of variable scores. Since tests can be adminis-
tered at any time, they can be used to determine the effects
.of a treatment over time. ‘

In FEHR-PRACTICUM research, as in real 1ife, the type of research
design chosen is frequently dependent on the amount of money avail-
able for research. At the beginning of the games, each team is given
a research grant, Throughout the game, each test administered and
each treatment applied has a cost attached. Teams pay for these

e
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services using a special FEHR-PRACTICUM checkbook , which is set up

to help them keeb track of the monies < “nt, Thus, one of a team's
major tas!s n its research so “r ensure :hal it obtains
sufficient . ‘a7 lor to permit a val. « Jecision without exceeding
its grant funds.

FEHR-PRACTICUM is a game in that several teams normally attack
the same problem and compete for the "best" solution. However, the
competition 1S parallel rather than direct, since the actions a
team takes catnot affect another team's solution in any way. It
should be poihted out that there is no "right" experiment to per-
form and no predetermined "correct"‘decision. In addition, a team
need gg&_decide-to Use the same treatment for all subjects; it is
entirely reasonable to recommend that the schools use different
treatments for students with differing characteristics. Whatever
decision is made, it will affect students' scores on various achieve-
ment tests, attitude scales and the like. Since several ‘teams
attack the saMe Problem, it is possible to assess the relative
merits of the teams' research procedures by comparing the results
obtained. by “Operating" their decisions in the simulated system.
This capacity for feedback on the quality of a researcher's work
is considered one of the most valuable aspects of the FEHR-PRACTICUM
model .

Game Components

The physical components of the game are of two types: those
that are sourCes of information, and those that teach players how
to use the information. The Information Bank, Data Generator and
Message Generator supply information, the In-Service Training (18T)
Units and the conSultants -- the human component -- telp the playexs
use the information ip “solve" their problem. In the sections below,

" each of these is deskribed in more detail.

(1) Information Bank. - The Information Bank is actualiy a
cross-referenced file. Historical informatioh'about the
Fair City system, statistical data about the tests used
in the problems and summaries of the real worid studies
referred to in the problem buoklets are stored in booklet

1
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(2)

form for each problem. Several of these are available at
each practicum site.

Data Generator. The Data Generator is a computer program
which simulates the behavior of the individual subjects
within our educational system. FEach subject is described
by a unique set of scores for a large number of variables
such as sex, age, number of siblings, sibling position,
intelligence and various attitude scales and achievement
tests. However, an individual's scores for many tests --
especiaily attitudes énd achievement -- will change over
time. The direction and rate of these changes represent
the "growth" or "learning" of individuals over time. In
the FEHR simulation, each of the dependent variables has
a unique growth curve for each individual student. In
addition, each of the available treatments affects the
growth curves of the various dependent variables in a
differént way. ' |

Within the Data Generator, three types of information
gathering processes may be used:

(a) File Search. A file search will retrieve the
_ information which exists in the files of the
school system. This may be considered fixed
information in that teams will get precisely
the same scores for each individual each time
‘they search, ‘ o

(b) Survey. Data which can be obtained by adminis-
tering a test at the present time is available
through a survey. Since measurement error is
involved, a survey will return a slightly dif-
ferent test score for each student each time it
is used. :

(c) Treatment. The treaiment process enables the
player to administer any available test to sub-
jects at various points in time. Since players
may -atso control which treatments are given to
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any individual (or group), this process enables
you to assess the effects of various treatments
experimentally.

(3) Message Interrupts. It frequently happens that a research
project is radically changed by external events which the
experimenter cannot anticipate or control. For example,

a teacher strike which interrupts an experiment may change
pupil attitudes as well as introducing costly delays.

Such "acts of God" may be introduced into the FEHR-PRACTICUM
game by the message interrupts. At various times during
the game a team may be given a message by the game manager.
Some of these will be relatively unimportant and require

no action by the team. Otheks, however, may require them
to make adjustments in their research plan. For example,

a message that the research budget has been cut might
‘necessitate the use of smaller samples. ' Such messages

are intended to provide experience in dealing with the
unexpected. Message interrupts are an optionail feature,

to be used at the discretion of the game manager,

g‘per1ences Provided by the Game.

FEHR-PRACTICUM is intended to provide a wide range of practical
experience in educational research and evaluation without the ex-
penses and time commitments involved in real research. The practicum
provides players with direct eXperience in gathering and analyzing
empirical data in order to arrive at a practical educational decision,
and provides feedback respecting the adequacy- of their decisions.

Given the goal of simulating the entire research/evaluation
experience, common sense would dictate that the closer the simu-
lation is to rea11ty, the more valuable will be its contribution
to practice, Consequent]y, a conscious attempt is made to provide

~ many of the complex interactions (and frustrations) which are charac-
“teristic of field research as opposed to laboratory research. A
“partial list of the experiences wh1ch can be provided appears below.

However, the user has the option to emphasize one experience and
de-emphasize (or omit) another. Instructors may choose the combination

13
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best suited to their needs. FEHR-PRACTICUM has the capacity to pro-
vide a practical experience in each of the following areas:

1. Identifying and making explicit the basic or "reaj® problem.
Conceptually, a "real" problem may be defined as the dis-
crepancy between what is happening and what should be _
happening. However, it is a common occurrence in real-1ife
evaluation work to be presented with a "problem" which is,
in fact, a request for an implementation decision about
one of a series of alternative solutions. For example,
"Should we 1mp1ement program X?" is a solution masquerading
as a problem. Ident1f1cat1on of the basic problem facili-
tates the identification of relevant dependent (or criterion)
variables. Note: This is perhaps the most difficult task
(cohceptua]]y)vin the entire practicum. Questions of rela-
tive value and whose value system must be dealt with.

2. Stating a problem in operational terms. The practicum pro-
vides cons1derab1e practice .in this since the computer re-
quires all requests for information to be made in terms of
the values of particular variables.

3. Preparing a budget and working within its constraints. In
all except a few restricted versions of problems, the players
are given a finite research grant and must pay for each bit
of information they collect. In addition, players must pay
themselves a daily salary. Thus, careful planning of ex-
penditures of both time and money is necessary.

4, Developing and following a sampling plan. The average FEHR-
PRACTICUM problems contains literally thousands of potential
research subjects, each with a wide variety of individual
characteristics (sex, intelligence, socio-economic statué,
etc.). Almost any sampling plan which can be used in real
research can be duplicated in the game -- including plans
which are invalid because of some type of se]ect1on b1as

‘5. Selecting dependent and independent (moderator) var1ab1es
which are relevant to a given problem and choosing the in-
struments (tests) which will be used to measure them.

14




Although the players cannot devise their own tests, they

may choose from a large pool of tests which are made avail-

able in the practicum. To he]p-them in assessing the util-

ity of the various tests, players have access, via the In-

formation Bank, to test descriptions of the sort provided

by Buros (1965). Depending on the problem area, the game

provides scores on from 50 to 160 separate tests. Each

test may be used with any subject, and may be administered
~ repeatedly across time. ‘

6. Using survey techniques to identify the important dependent
and independent variables in a given educational problem.
‘In the practicum, surveys are frequently required to de-
termine the extent and severity of a problem and/or to
clarify relationships among variables.

7. Designing research plans which isolate the effects of spe-
cific educational treatments and treatment combinations.
The practicum allows players to collect data according to
almost any research design which can be used in a real-life
situation -- including biased or invalid designs. The
possible designs.inc1ude both the univariate and multivariate
forms of latin squares, incomplete blocks, longitudinal-stu-
dies (Panel data), and case studies based on variable scores
(rather than verbal descriptions). Because of the capacity
to produce longitudinal data, it is possible to stimulate
formative evaluation studies involving sequences of treat-
ments and repeated cbservation periods.

8. Analyzing data collected from complex designs. The capacity
to provide such analytic experience is ensured by the com-
plex designs mentioned in (7) above. :In addition, the game
has a number of built in biases which encourage p1ayers to
use designs involving multiple criteria (dependeht variables).
Thus, multivariate analyses are usually appropriate. (Of
course, the capacity actually to conduct suchjana1yses de-
pends on the resources of the local computer installation.)

27
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10.

11.

12.

13.

Modifying research plans to accommodate unforeseen events
in the environment. For example, a teacher strike could
modify student attitudes as well as cause an expensive
delay in a project. Such simulated events can be used
with sophisticated trainees, but are not recommended for
beginners.

Selecting consultants and preparing plans to optimize their
effectiveness. The practicum provides an opportunity for
players to explore their own limitations, and to find the
conditions under which a consultant is "worth the money" .

Relating the results of an evaluation to the time at which
the evaluation is taken. The game permits program eval-
uations to be made at different points in time and to com-
pare the results.

Working with educational problems in a variety of content
areas and at numerous educational levels. The topics of
the eight problems available run from the traditional su5-
jects (e.g., mathematics and reading) to the specialized
difficulties of handicapped children. The educational
levels represented include both pre-school children, and
college students.

Assessing the quality of research procedures (in the com-
parative phase) by examining the results obtained from
“operating" a decision based on the research results. To .. .
aid in this task, the computer supplies two bits of infor-’
mation which are not obtainable in real-life research:

the "decisicn effectivenessnﬁndex" and a statistical summary
of the characteristics of the students best suited to each
treatment. These are not intended as absolute indices of
quality, but rather as spr1ngboards for d1SCUSS10n

SECTION IIT. FEHR~PRACTICUM M'E'RIAIS

The FEHR- PRACTICUM materials can be c]ass1f1ed on two broad d1-

mensions.
material

The first of these is the access dimension. Where is the
physically located? How and by whom is it normally accessed?
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The second dimension concerns the generality of the materials,
whether it can be used in all problems (content areas) or not.

The access dimension is sub-divided into four categories.
Category 1 contains all the data generator materials. These would
normally be accessed at the local computer center or a remote ter-
minal. Category 2 contains materials which would normally be used
only by the Game Manager and/or thuse p]énning the instructional
uses of the practicum. Category 3 contains materials which are
shared among players. These would normally be accessed in a
laboratory-classroom. Category 4 would contain all the materials
normally provided to each player-trainee.

The generality dimension contains two categories. Category 1
(common) contains all materials which can be used with all eight
problems, while category 2 (unique) contains materials which change
from problem to problem.

The entire set of FEHR-PRACTICUM materials, categorized by
access and generality, appears in figure 1.2. In the discussion
below, there is additional descriptive information for every com-
ponent except the Game Manager's Manual which has been described
in context.

Common Materials

The main data generator (main computer program) consists of a
set of punch cards (or a computer tape) containing the FORTRAN IV
source program. However, the main program cannot produce simulated
data unless it is combined with one of the data generator problem
pockets (see be]oW). '

The FEHR-PRACTICUM IST (in service training) units consist of
separately-bound, semi-progranmmed materials which provide detailed
1nstrue{;ons for accomp11sh1ng specific tasks encountered in the
practicum. The five units available are:

I. Assessing Success for Comp]ex Objectives.
II. Criteria for Developing ProPosals and Final Reports.
ITI. Computer Format Statements for FEHR Data.

29 |
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GENERALITY DIMENSION

ACCESS
DIMENSION 1. COMMON TO ALL PROBLEMS 2. UNIQUE CONTENTS FOR
EACH PROBLEM
1. COMPUTER a. Main Data Generator a. Data Generator Problem
CENTER (Main camputer program.) Packet: unique program
parareters for each
praoblem. (Eight sep-
arate packets.)
2. GAME a. Game Manager's Manual a. Game Manager's Manual
MANAGER Sections I & II Sections III & IV
3. LABORATORY | a.. FEHR~PRACTICUM 1ST Units.| 2. Information Bank:
OR CLASS~ (Five sepa.rately-bound material separately
ROOM units.) bound for each problem. -
Note: Some Game Managers (Eight separate Infor-
may wish to supply a copy mation Banks.)
of this material to each
player.
b. References. (Supplied
locally.)
4, PIAYER a. Player's Introduction a. RFP (Request For
MATERIALS to the FEHR-PRACTICUM Proposals) Docurent: a
game. Specific description of
' the particular problem
b. Fair City, U. S. A. to be investigated,
’ separately bound for
c. Player's Instructions each problem. (Eight
for FEHR-PRACTICUM. separate RFP documents.)
Figure 1.2. FEHR~PRACTICUM Materials Categorized by Access and

Generality. -
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IV. SawpPling the Subjects to be Studied.
V. Using the FEHR Secretary.

The rgfgﬁsggg§’tg be fupplwed locally consist of any research-
oriented matef1afs which witl assist the piave:-trainees. A Tist
~F sogqgested titl*e spperes in 3 subsequent sec:iion.

Thezre are {fitee piaesr's materials which are common to all
rrriblems. Al three of tnese materials app2ar im this manual. The
Trrs¥; Player’s. jntroducxnon £0 the FEHR-PRF ~.CUM Game, was con-
teomed in tha First tweive pages of Section: v WBiCh You have just
reqs, The sacond and third pooklets, Fair'wigz, U. S A., a
Pizyer's InstyUetions for FEHR-PRACTICUM corsritute the second and

thirc chapters of SeCtimm II. Wherever nece -ary. the original
matextals pripted heresm have been supplemented by notes and addenda
addressed to the Gype Manager.

Unique Materigly

The totaY PEHR.PRACTICUM System provides a choice among eight
major problemy dealing with eight different content’ areas and in-
volving students at diffapent edycational 1eveis Each problem has
its own uniqug Datd Generator Problem Packét, Information Bank, and
RFP (Request For Proposals) document. Although the specific contents
differ, the fofmat of each of these components is the same for all
problems. The Wsuaj format for each of the three components is de-

scribed below,

(1) The fata generator prOQram Packet combines with the Main
Data GeneracOr (above) to form the complete computer pro-
gram necewgahy to operate a specific problem. When the
firat order is received from a new user, an intact deck
contsining both the Main Data Generator and the Data
Geneyatgr packet for the standard REMAR: (Remed1a1 Arith-
meti¢) proplem is shipped. When you are familiar with
this Prgblem new oOhes may be ordered one at a time. Since
the walp SecCtions of the program are common across problems,
we rgUtine1y ship only the Data Generator Problem Packets
to.ugéhrs Who already have onhe or more 'FEHR problems oper-
ational,
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(7 ez Information Bank contains a brief summary for z number
¢~ real-life articles related to the content area of the
zxoblem, plus d@seriptive infrtwgtion for each ¢ #he
szawardized tests available in~ the problem. These are
r-it=d on loose-leaf sheets, on= article per pags. and
exrzaigad alphabetically by authur. This format wes adopted
to 2ermit users to update the {rformation as new relevant
re=xza~~ch becomes available.

() Tne ¥7? document for each problem has the same general
forer,,  Page 1 identifies the content area and the edu-
<rTional agency which is sponszing the research. Page 2
nmowsaes a general narrative description of the problem
-5 “ivgfers the reader to an appendix from which mare spe-
cwitic zetails may be obtained. Pages 3 to 6 contain the
dreCiist of Tasks to be Performed: a detailed listing
gr° ai1 the tasks involved in a complete practicum. The
‘GzE= Managder chooses those tasks best suited to the Tocal

mesds ,

The detailed content of each RFP is contained in a
=t of appendices. These are usually five or six appen-
cfizes containing the information described below:

Appendix I. Information Bank Material. This is a
Tfst (or findex) of all the abstracted articles which
zome along with the simulation. Going through these
articles will give the p]ayér an overview of the re-
s=earch in the area. " If a player is especially in-
terested in the substantive area to be investigated,
we suggest that the Information Bank be used to de-
termine which articles should be read in ¥ull. In
addition, the Information Bank provides normative
data (meams, standard deviations, reliabilities, =tc.)
and a description of the test content for all stan-
dardized tests listed for that problem. In addition,
for many tests a critique is also available in the

~ Information Bank. o
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Appendix II. Research Populatic:.. Appemmiix: 11 con-
tains a complete Tist of all sutyjects ava-lable in
th2 problem and explains how tc irterpret tne student
IT.

Anpendix III. Catalog of Treamms=s. App=ndix III
is a Tist of the treatments whiz= :an be zmministered
in the problem, a Tist of costs ~~2ach treatment,
and a definition of the time sesz=mmas usad in the
problem.

Appendix IV. Catalog of Variabii=. Appendix IV lists
all the variables available in = aroblem, the costs
of each variable score, and the =orditions umder which
the variable scores (test scores) may (and may not)

be obtained.

Appendix V. Committee Report. In nearly all problems
there is some preliminary information available such
as why pérticu]ar treatments were chosen and what
previous research the school system has done in the
area. A concise summary of this informatior -appears
in Appendix VI. '

SECTION IV, OVERVIEW OF AVAITABLE PROELEMS

A total of eight problems are available in the FEHR-PRACTICUM
system. Once the Game Manager and research consultants have become
thoroughly familiar with the FEHR-PRACTICUM system, it is possible
to comduct a practicum in which several problems (inse=d, all eight)
are being operated simultaneously. This has the adivamtage of per-
mitting player-trainees to choose the area closest. 4z theSr own
substantive interests. Although the prob]em-501Vﬂqgmnncedures are
similar from problem to problem, we have found that the dhoice of
content area cah make a tremendous difference to a tr=inee's moti--
vation. However, managing FEHR-PRACTICUM is a compliex tesk. We
strongly recommend that new users not operate multiple prabilems
until they have had at least two or three sessions practice :with a
single problem. 33
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during our fiel:' ilidation s'zudies, we tried iré.ining Game
Manzgers on several . “ferem:rirwslems. It was our experience
that prospective Game  nager< g were supervising prablems based
in a <ontent area wi=h .hich thes: were unfamiliar hmt ~wreat diffi-
culty comcentrating cn the memascsment tasks per se, &= consequently
le=rmed much more sloi/ly than tmame supervising premiz=s: with which
the. were familiar. IZimce it was :aiso found that mumernous demon-
strazion file searches, surveys, and field experiments +-acilitated
le=rming, it was decided to ezwelap traini ng materhalis bmased on one
standard problem and featuring mamy practical examples. The REMAR
prabiem was chosem for tois pumpos= because remedial arithmetic is
the one content area witn which most educators have had some ex-
perience. Section III of the Game Manager'-s Manual contaiins pro~
grammed directions and a number of practical examples for each task
in the REMAR problem. After completing this section, must pros-
pective users had little difficulty administering a full-#ledged
practicum session using the REMAR problem. The extenmsion to other
problems is then just a matter of becoming familiar with-the con-
tent area by going through a complete practicum following the
Player's Instructions step by step.

The eight available problems are described below ‘in the order
they were developad. The instructional strengths and Timttations
of each prob%em are listed under the heading Special Characteristics.
For sessions in which the speciic content of a pproblkem is of sub-

stantiwe interesz, we strongly recommend that capies of the primary

references Tisted with the problem be made available.

(T) Project PEP: Perceptual Education Problem (RFPAD1). Tif
term “merceptually hamdicapped™ has been used in Tecenz
times v identify a lmrge number of children wha have
normz] intefiTigence but because of a “merceptual problem"
have great twrguble in school, parti culzrly in reading am
writing. Im tiris probiem the players are magquested to
aid the Board: of Education and a commiitee -of ‘teachers
in deciding such questions as: Does Fxir City need a

“Perceptual Education Program: Are psycholagical and socio-
economic variables relevant? Whi ch treatment should be
recommended? ' ‘
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Partiiculsnne: This problem has 167 variables, three
treazmert=— .2 experimental, © control), and a total
researct .apulation of 426 students in four grades

of one timmol,

Special "iraracteristics: This problem permits a
direct e :c=rimental comparison of the two proposed

features: ime usual sampling, variables se]ecfion,

and éesign'diffiCU]tﬁes, with emphasis on the last
two. One of the major difficulties in- PEP is problem
defimition. The School Board sees the problem as a
lack. of zchiewement. How does that relate to “per-
ceptual handicaps"? Wwhat is a perceptually handi-
capped chiild? What variable scores signify a handi-
cap? The conflict beiween end-result variables
(achievement) and intermediate results (changes in
variables which are hypothesized as prerequisite to
successful achievement) make this problem particularly
wseful fer practicing problem conceptualization
skills. An additional feature is the “built-in" ex-
perience with regression toward the mean which is
caused 2y stringent selection criteria,

Primmxv References:

Frestoig, Marianne. ™Visual Permemtion in Brain-
Ingured Children". American Journal of Ortho-
osweniatry, 1963, 33 (4), 665-671,

Jotmson, .J. & Myklebust, H. R. Learning Disabilities:
Zdmcational Principles and Practices, Grune &
Stratton, New York, 1967.

Kenhart., Newell C. (U. of Purdue, Lafayette)
“Perceptual-Motor Aspects of Learning Disabilities".
Exceptional Children, 1964, 31 (4), 201-206.

McCarthy, J. J. & McCarthy, J. F. ‘Learning Disabilities:,
Allyn & Bacon, Boston, 1969.
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(Z) Project REM«. Remedial Arithmetic (RFPG02). This probiem
deals with mezhods of teaching aritmmetic computation
skills. Beczuse most educators are: familiar with this
content, thiz was chosen as the “stzndard" problem to
be used for the -“irst implementtation at 3 new site. The
RFP is issuez by mme Fair City School Buard, who are con-
cerned av ths growiing number of grade s@ven szudents who
cannot d: arizhmerwic computatzor. well ewouch to succeed
in the v gular grade seven curriculum. You are asked %o
conduct fieid I=szs to evaluzte the effactivemess of
three pruposec new remedial arithmetic orograms as com-~ .
pared to the current practice. At the conclusion of the
project, eaclr =am must decide on the basis of their ax~
periment which of the new promgrams (if any) are to be
implemented. Note: 4t is entirely pussible to recommend
different promrams for stwdents of differing character-
istics.)

Particulams: Variabies = 78, Treatments = 4, Total
Research -Papulation = 1,306 sewenth grade students
firem seven junior highs, eacn with several classes.

Spzcigl Characteristics: This prob";!-am permits direct
exyerimental comparisams. It 1s fairly heavily osi-
ercaf. tomard criterion-referenczsd tests or sequemtia’
maskerry tests. Sampling, selecsion of variables .

am Jesign @il are invoiwed and:can be accomplis=wed
Tai- 1y -eassily. Because of the ‘mecessity to selexz
oniy the poor students, thi s provlem provides a-rmch
opportunity to study the effects:of statistical re-
gression. In addition, there are some conceptual
difficulties with respect to the :precise definition
of success in terms of wariable scores, and smme
sticky statistical questions centsring around the
analysis of mastery-test data. fHeveetheless, -this
1s perhaps. the easizst, most straightforward prmmiem,
since theunbjectives are fairly-clearly defined <m
unambiguasms  terms.
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A unique feature oT this problem is the emphasis
on the cost-effectiweness aspect of the decision
among programs which is introduced by a wide disparity
in program costs and & positive corr=lation between
cost anc learning.

Primary References: (fione)

(3) Project EXTSY: Extended ichool Year (RFPE03). What are
the benefizs of an extend=r schaol yesr? Fair Ci ty, like
many other zreas, believes <“here would be ecomomic if not
educatioma’ tmnefits from hawing the school schedule re-
organized = that the schoois are in omeration all year
around. The players are to “investigate the sitwation and
determine witich, if amy, schadule has the most advantages
for Fair City.

Parziculiars: Variablsr = 36, Treatmenzs = 3 (2 ex-
perimental, 1 controi;. Research Rapuliatioe = 12,393
studemts from 21 =lememtary schomois.

Specia . Charactertistics: This praobism permits some
expertmeriai commarimon . but notics wxat an entire
schicol must e assigmed to any -ome: trematment. This
introcucms sume “ntere=tiing quesifmms «ith respect
to the womropris= umit of observatiosr and the gen-
eralizat " Ttty of-result=. EXTSY -imvoives extensive
samplirig., wariabie selecrion, and:desig: problems.
One of the difficulties in this probled: is tthe fact
that sinee treatments must be adminiszered to intact
schowls. mo true experimental desspn -5 possible.
Attitude variables miy e more-vaiwabi= here, but
reiimwilizy and validity problems, as.well as the
nowiee:] mature of suomidata, ane probiematic. The
fundamental question is "which is wiowe important:
achiievement, cosit., or mopdlarity"? Seweral unique
aspects of ithis pmoblem:are 1ntromuced by its longi-
tudinal nature (3 wyearsi.




Primary References:

Department of Education, New York. "The Impact of
a Rescheduled School Year". A special report
prepared for the Governor and the Legislature of
the State of New York. The University of the
State of New York, the State Education Department,
Albany, New York, March, 1970, 158 pages.

(4) Project HEADSTART: Early Childhood Education (RFPO0A4).
The Fair City School District believes that there are a
growing number of children who are entering first grade
i1l equipped to perform at normal levels. In this problem
the players must aid the Board of Education in deciding
if a Headstart program should be introduced and which par-
ticular program best meets the needs of the Fair City
children who require extra attention. The players should
not only decide if there is a need but also if the gains
made in Headstart are retained after the child has entered
the regular public schools.

Particulars: Variables - 78, Treatments = 7, Research
Population = 1,822 or all three-year-olds in the city.

Special Characteristics: Although direct empirical
comparisons among the 7 treatments are possible, this
is too complicated to permit in practice., An additional
complication is the fact that not many measures are
available for pre-school kids, let along many reliable
ones, particularly those which may change as a result
of some program. In addition, the problem requires
long-term (longitudinal) assessment of changes, and

- most available tests -- even. though they have -the

. same name -- have different norms for different age
groups.

Primary References:

Weikert, D. "The Perry Preschool Project in Ypsilanti,
Michigan", 1969, QE-37035.
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(5)

(6)

Project READ: Reading Assessment Problem (RFP005). The

teachers of the primary grades have become dissatisfied
with their present reading program because of the in-
creasing number of students who are falling behind their
peers in the development of reading skills. In this prob-
lem the players are to aid the teachers and principals of
the elementary schools to determine if a new reading pro-
gram should be instituted in Fair City. One of the ques-
tions they will answer in this problem is whether there

is one curriculum which can best meet the needs of all
Fair City children.

Particulars: Variables = 170, Treatments = 3 (2 ex-
perimental, 1 control), Research Population = 2,000.

Special Characteristics: This problem permits direct
experimental comparison. The major emphasis here is
assessment in terms of multiple behavioral objectives.
About half the variables in this problem are cri-
terion-referenced. Consequently, variable selection
is an important element in this problem. But perhaps
the major feature is the data interpretation task.

The multiple successes and failures of students in
various programs must somehow be summarized in a con-
ceptually meaningful way to permit program~-to~program
comparisons, and a subsequent decision among programs.

Primary References:

(Not used in development, but very similar and helpful)

Duffy, G. G. & Sherman, G. B. Systematic Reading
Instruction, Harper & Row, 1972.

Project TQUEST: Validation of a Teacher Questionnaire
(RFPO06). The purpose of this project is to validate a
questionnaire which "evaluates" teacher performance at the
college.level. The questionnaires are to be administered
to students presently enrolled in college classes. The
players are to assist the administration in this project
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by comparing the effects of feeding back information from
various sub-scales on the new questionnaire. A second
questionnaire and several achievement scores are also
available to be used in the validation task.

Particulars: Variables = 60, Treatments = 4, (3 types
of feedback, 1 no feedback), Research Population = 512
university students from 20 different classes.

Special Characteristics: This problem contains two
questionnaires: (1) the old questionnaire, and (2)

a new one designed to provide more information. It
opens up quite a can of worms -- how does one vali-
date such a thing as a student evaluation of teachers?
In this problem, the path suggested is to see how
effective the questionnaire‘is in changing professors'
teaching, as measured by the questionnaire. The
variables (questionnaire items) are all 5 option
attitude items. Individual item responses may then
be combined to form various scales which relate to
the developers' (i.e., the University Committees)
concept of teaching effectiveness. Feeding back to

a professor his "scores" on one or more of these
scales from last semester should influence his score
(on the scale(s) concerned) this semester. Thus

it is possible to collect evidence of the construct
validity of the questionnaire.

It is important to note that, while we give
questionnaires to students, the unit of observation
is a teacher (i.e., the class). This introduces a
variety of interesting statistical questions which
are an important aspect of this problem.

Primary References:

Cronback, L. J. Essentials of Psychological Testing,
Chapter 5, "Test Validation", Third Edition,
Harper & Row, 1970.
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(7) Project RMA: Remedial Math for Adults (RFP007). The
open enrollment policy and the wide variety of people
who attend community colleges necessitates the provision
of additional support services for students and citizens.
In this problem the players are requested to evaluate
the remedial math course at the Fair City Community
College. This course is intended to provide the stu-
dents taking it with the skills to do college level work.
The players will be asked to answer such questions as:
Does a remedial program work for adults? For what kind
of ‘person is this program least useful? How can the
program be made more effective and efficient? Should the
course be continued?

Particulars: Variab]es = 26, Treatments = 1, Research
Population = 251,

Special Characteristics: This problem is strictly
a post hoc evaluation task, with evaluation made
solely.on the basis of evidence collected duﬁing
the semester. The'trickieSt part of this problem
is an operational definition of success. Since the
students come from a widewvariety'of backgrounds,

. and ‘have very different goals, the meaning of success
varies from group to group. The selection of rele-
vant variables can also get immensely complex, since
ther« are several varieties of attitude, aptitude,
and achievement measures which the teams might be
used in any combination. '

Primary References:

Dalke. Richard M. A Case Study of an Individualized
Course in Arithmetic at a Community College. '
Dissertation, University of Michigan, 1971.

(8) Project BUS: Busing to Achieve Integration (RFP008).
In response to recent Supreme Court rulings,, the Fair City
Board of Education has decided to integrate the city's
schools ‘through busing. As in most cities, the people
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of Fair City have very strong views about busing and there
are many complications to consider. In this problem the
players are requested to evaluate the effects of busing

in the city's elementary schools to determine its ad-
vantages and disadvantages and what are the sources of

the problems that exist.

Particulars: Variables = 52, Treatments = 1, Research
Population = 3,633 pupils in grades 1 and 4 of 21
different schools.

Special Characteristics: This problem is strictly
a post hoc evaluation. Teams are called in after the
busing decision is made. Although only the first and
fourth graders are available to the players, there
is nevertheless a large number of subjects from a
wide variety of socio-ethnic neighborhoods. Since
computer costs prohibit an exhaustive Survey, this

~ problem offers a rich environment for practicing
sampling skills. There is the fact that any results
may be attributab]e to the new organization in the
elementary schools rather than the busing plan itself.
There is also extensive direct measurement experience,
since it may place more weight on attitude measures
as criteria. The relatively low reliability and
validity of such measures and the categorical nature
Will necessitate the construction of broader construct
variables through various combinations of questionnaire
responses.

Primary References:

Su]]ivaﬁ, Neil U. and Steward, Evelyn A. “Now is the
Time: Integration in the Berkeley Schools",
Indiana University Press, Bloomington, 1969 (ERIC).

42
30




SECTION V.  ADAPTING PROBLEM COMPLEXITY TO SUIT CLIENT NEEDS

It should be obvious from the foregoing description that a
comprehensive FEHR project demands a high level of research expertise,
It is, for example, an implicit assumptioanf FEHR-PRACTICUM that
educational evaluation is a multi-dimensional activity. Each pfobiem
contains many dependent variables (e.g., achievement tests, attitude ‘
scales and the like), several treatments (alternative educational
programs) and a wide variety of independent moderator variables
(such as sex, race, or socio-economic status). To. use the, full
multivariate capacity of the simulation, participants should be
famiTiar with the classical literature in- educational measurement
and research des1gn, and able to.use mu1t1var1ate statistical anal-
yses.

In addition, the comprehensive problems described above re-
quired the participants themselves to identify the exact nature of
the problem and to specify, in detail, the nature of the solution
strategy. The large number of sophisticated problem-definition de-
c1s1ons required in this version of the practicum made it an ideal
vehicle for training advanced students who were specializing in
educational research evaluation. However, many potential users
did not possess the prerequisite skills; it was too complicated
to use non-specialists or with students just beginning their research
training. In addition, the unstructured version generally took
fifteen or twenty three-hour sessions toi complete, with almost half
the sessions spent in defining the probiem. To extend the utility
of the game, it was desirable to provide shorter and simpler versions
of the FEHR problems.

The complexity of a problem (and consequently the time required
to complete a practicum session) can be redUCed-by,either,structuring
or restricting the problem, or both. A'problem may be structured
by providing an operational definition of the probjém; For example,
at one of the evaluation sites the REMAR problem was.structured by
defining a remedial arithmetic student as any student who scores
.zero on one or more of the mastery tests of computat1ona1 skill wh1ch
were available in that problem.
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A problem may be restricted either by 1imit{hg the number of
dependent and independent variables to be included in-a study or
by requiring a specific set of variables to be used. In the example
above, the teams were required to use the SAT standardized test of
computational skill as the dependent variaB]e.

It was mentioned previously that each RFP package contains a
section titled Checklist of Tasks to be Performed. Below each of
the tasks listed in this section are a variety of optional re-
strictions and structures. The instructor or game manager can vary
the complexity of the total project over a wide range simply by
checking off different patterns of assigned tasks. In this way
it is theoretically possible to adapt the practicum to suit the
needs and abilities of any group of prospective clients.

Encouraging Creativity. Many evaluation specialists (Stake 1967,
Tyler 1967, Stufflebeam, et. al., 1971) have stressed the need for
creative approaches to evaluation problems. In this view, not only
the solutions per se, but also the solution methodologies are idio-
syncratic to problems at hand. For this reason, it seemed desirable
for the teams to have some capacity to define the task for them-
selves -- even in the shorter versions of a problem. In the field
tests, the apparent conflict between the need for structure and the
desire to retain sufficient flexibility to permit some team cre-
ativity was resolved by requiring that certain variables and oper-
ational définitions_be included in an evaluation study, and simul-
taneously'encouraging teams to add variables and definitions which
they believed would increase the validity Qf their findings. To
keep the number of added elements from usuﬁping a good deal of time,
budgetary restrictions were imposed. 1In general, the research grant
allotted to each team included the projected cost of the required
tasks plus 15 or 20 percent "discretionary funds" which the teams
could use tr improve the substantive value of their research.
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CHAPTER 2
THE FEHR~PRACTICUM COMPUTER PROGRAM

In chapter ong the data generator was described as a “research
assistant" which Cyn be used to manipulate the simylated educational
system being stydied in a particular problem. Through the data gen-
erator the res€yrch team can retrieve information about any‘simu1ated
student from thg Schooi files. The generator can administer any
available edycational treatment to any student or group of students,
and measure the gffects of that treatment by administering tests or
questionnaires to the students concerned at any time during the
treatment (e.d., Pre and post testing is possible). This chapter
is divided into twg Sections, Section I is concerned with the
general procass py which these data sets are -generated. Section II
describes the ProCedUre for developing a particular problem packet.

SECTION I,  GENERATION PROCESS

There aré tWo general methods by which simulated data type have
been obtaineq by PreVious.investigators: random selection from a
comprehensive data pank, and random generation via a probability
density function Suitedwggjthe variable concerned. Neither of these
procedures proVed @ntire]§7§;tisfactory for producing'Targe multi=--
variate data 5€8ts with prescribed interrelationships amohg variables.
. Consequently, & compromise data generating procedure was developed.

In FEHR<PRACTICUM, each subject in the population available for
a particular proplem has associated with him a set of variable values
which uniquely describe that individual. To maintain an individual
jdentity the vajueg associated with one individual must be highly "~
correlated froMm run to run: indeed, some variables (e.q., sex) must
yield the samé score value every time that individual is accessed.
This means in &€ffect that the variables cannot be randomly generated
from "scratch” each time the program is run. For these variables,
parameter valuey for each individual must be stored permanently to
enable the reduireq Consistency to be maintained.
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At the same time, there are other variables associated with
each individual which simulate learning by changing systematically
over time in response to the particular educational treatments that
are administered. In addition, we desired the effects of each treat-
ment to be modified by the characteristics of the subject to whom
it was administered. Since a problem typically contains thouéands
of subjects, hundreds of variables and several treatments, it is
obvious that it would have been impossible to store all the results

. in a data bank to be accessed on demand.

The FEHR-PRACTICUM data generator incorporates the strengths
of both the data bank and random generation methods. The overall
strategy was to construct a small "internal" data base which en-
capsulated the desired interpersonal and intrapersonal relation-
ships. This data base provides the stability that is needed in
order to recover for each individual his own unique pattern of
scores each time he is referenced. These score patterns ought to
be consistent both across time and across the set of variables
available in that problem. For instance, the Otis IQ score for a
particular simulated individual should remain relatively constant
(within measurement error) from one simulated time period to another.
Also, a simulated individual who scores high on the Otis IQ ought
to score high on the Stanford-Binet IQ. In addition, any simulated
individual with a high IQ score (regardless of the test used) ought,
in the absence of other moderating variables, to be doing quite well
in school. These consistencies are provided by an internal data
base with a prescribed pattern of intercorrelations.

Internal Data Base. The internal data: base was constructed by
a procedure that can best be described as the reverse of a factor
analysis. A set of five independent factori5cores was randomly
generated for fifty individuals. Fifty-thrée internal variable
scores were then generated for each individual by taking different
Tinear combinations of the five factors. The correlation between
pairs of internal variables was controlled by the amount of common-
ality in the combination rules by which the variables were created.
In this way we were able to create fifty prototypical individuals
each havingififty-three "true" scores which%maintained pre-specified

3
46



intercorrelations. Each variable was then transformed fo normal
deviate form, and the resulting 50 x 53 matrix of Z scores were
stored as a block. Nine such blocks were created, each having a
different pattern of intercorrelations. This enables us to simu-
late homogeneous intact groups with widely differing characteristics
from group to group. Each simulated group is referenced to one of
the nine blocks, and each subject within the group is referenced to
one of the fifty prototypical individuals within that block. Every
time the scores for a particular individual are needed, the same
set of internal variables is accessed. These internal Z scores are
never seen by the research team: they are used internally to gen-
erate the external or raw scores which a team receives.

"Generating_External Scores. There is a distinction in the
social- sciences among nominal, ordinal, and metric (interval or
ratio) scales of measurement. This distinction was built into the
FEHR-PRACTICUM data generator by varying the way am intewsal variable
was translated into an external variable. Each external wariable
was lzbeled a priori as to scale type, and this was £oded into the
program., When a variable is requested, the code is t==d to choose
the agpropriate procedure for translating the interm& Z score into
am external variable score. The transiation is perfommed every time
the variable is requested according to translation parameters stored
in the program.

For all metric var{;bles, an individual'’s internal Z score is
first translated to an external score by the formula

Score = [ZI(r) + ZR//I - rzj o+

where ZI is the individual's internal Z score, ZR is a randomly gen-
erated Z score, and r, o, and u are stored parameters prescribing

the ﬁéliability, standard deviation, and mean of the external var-
iable being generated, These three parameters must be stored for
each external variable. ' The expression within the square parentheses
yields the Z score of the external variable. The first component

of the expression derives from the "true" score and the second is

the error of measurement. The relative sizes of the two components
is controlled by the reliability parameter. The range of raw score
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values is controlled by the o and u paramexers.

Ordinal data are generated using the expression within square
parentheses in the score formula. Second, each external Z score
is then translated to its decile value in the normal distribution.
Third, the decile value is matched to an external score. Thus, for
each external variable of the ordinal type a reliability parameter
(r), and ten decile values must be stored within the program.

Nomiral data are generated in two ways. Wherever the external
variable is required to change its distribution across categories
in response to a treatment effect, nominal data are generated by
exactly the same general procedure as ordinal data. The only di”
ference is that the external scores matched to the deciles need not
be arranged in order of size. However, there are c=rtain nominal
variables for wkith it was desirable to maintadn a wmore direct mon-
trol over the ccrrelation between categomy memmership and the srores
on other variabi=s. Sex, number of siblings, @and ezhnic group =re
examples of this variable type. For these critical variables, the
actual category membership was stored as one of the 53 internal
variables.

Multiple Use of Internal Z Scores. A single internal Z score
can be used to generate the scores on several different tests, pro-~
viding they have the same underlying construct. For example, all
the IQ scores for one individual are generated from the same internal
Z score, Similarly, the scores on many different reading tests can
be generated from a second internal Z score. Since these two in-
ternal variables have a prescribed "true" correlation, the corre~
lation of external variables will tend to have the same value.

The amount of variation in the external correlation from sample to
sample is a function of the reliability parameters of the external
variables concermed.

In the same way that a single internal Z can be used to gen-
erate many external scores, it is also possible to use the vector
of 53 internal Z scores which describe one prototypical individual
to generate many different external individuals (i.e., research
subjects). The external scores of subjects generated from the same
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internal prototype can be quite different because the error com-
ponent for each score is generated randomly.

The multiple use rationale is also extended to each block of
internal Z scores. We can use the same internal block to represent
external groups with radically different score patterns (e.g., a
grade seven class and a grade eight c]ass) by supplying a different
set of variable parameters.

PROGRAM ALGORITHMS

The purpose of this section is to provide a logical descriptibn
of the specific algorithms used in generating the simulated scores
called for by a usem's request. The term request as used here is
cefined as a set of Dunch cards which relate to a single operation --
that is, to a file =sarch, a survey, or an "experiment" invo]vihg
the administration of different educational treatments to groups
of simulated subjeczs. Specific instructions for preparing a request
are given on pages 700 to 110 of the Game Manager's Manual and in
the Players' Instructions on pages 14 to 19. For convenience, the
operation of the various program components are described Here in-
the order that they are called by the request deck.

Throughout this description we shall be using a variety of
familiar terms which have had somewhat different meanings within
FEHR-PRACTICUM. A 1list of terms with unique meanings appears below.

Research Population. The research population of a problem con-
sists of all the subjects which can be used in that problem.

A complete Tisting of all subjects in a given problem appears
in each Request For Proposals (RFP).

Subject I.D. Each subject is identified by a seven digit I.D.
number consisting of three segments. In the general case -
the first two digits identify the unit, the next two digits
identify the sub-unit, and the last three digits 1dent1fy the
particular subject within a sub-unit.

Units and Sub-Units. Units and sub-units are a genéra] method
of identifying particular groups within a research population.

37
Q | ' 4_9 ’




For example, in the remedial arithmetic problem the unit iden-
tifies the school which a subject attends and the sub-umit
identifies his classroom within that school. In the busing
problem, the unit identifies the school a subject is now
attending and the sub-unit identifies his former school. The
specific meanings of units and sub-units for a particular
problem are defined in the RFP.

Catalog of Variables. Each RFP contains a catalog of variables.
which lists each variable that can be used in that problem.

For each variable, the catalog provides the fo11owing infor-
mation: (1) a three digit index used to identify the variable
to the computer, (2) whether or not the variable can be used
in: a file search, a survey, or a treatment, and (3) the cost
of obtzining one subject's score on that variable.

Observatimn Time. Within the simuiation only a limited number
of different observation times (testing times) may be provided.
Each problem defines a particular beginning time (e.g., the
first day of school) as time zevo and a time unit (e.g-, one
week); within the problem all observations must then be ex-
pressed as a two digit number representing the number of time
units after time zero (e.g., time 05 would mean five units --
weeks ~-- after the beginming time). -

File Search. A file search retrieves each subject's score on
'particu1ar tests administered some time in the past. Therefore,
a file search will return exactly the same score for a par-
ticular individual each time it is used. Since no actual

testing is involved, file searches are much cheapef than surveys.
However, variables which are identified in the catalog of var-
iables as available on file can also be obtained via a file
search if the researcher desires to do so.

Survey. A survey refers to 1nformation'co11eEEed by the admin-
istration of a test or tésts at the present time; that is, at
time zero in the simulation. (Each RFP package provides a
definition of time zero.) Each time a survey is conducted,

the test(s) are re-administered. Individual research subjects
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witl get somewhat different scores in differe:r: surveys because
of -errors of measurement.

Treatment. In FEHR, the %erm treatment refer-= to a subroutine
whrich changes a subject's test scores over tim=. FEach treat-
ment is identified by a two-digit code. Variz=bles change over
time at different rates depending on which trestment is admin-
istered. Tests can be administered at any time during a treat-
ment from zero up to the maximdm time available-in a problem.
The meaning of time zero, the size of a unit sz time (e.g.,
weeks, months, years) and the maximum time aaziiable are all
specified in the RFP package.

Treatment Group. A treatment group is a set of simulated sub-
jects who receive exactly the same treatment and tests. Note
that it may contain several “groups" from a research design.
For example, if sex and race were design factors, males and
females of all races could be included in the same treatment
group. This would be advantageous in cases where it costs more
to administer the treatmemt to fawr small groups than to a
single large one.

Card. A card refers to a simgle line of instructions for the
computer such as might be priinted on a single.punch card. Such
an instruction usually contaiins letters, words, and/or numbers
which must be in particular positions in the line. Each card
has only a limited number of positions: the maximum number of
characters -- including letters, numiers, and blmnks (or
spaces) -- on any ome -card is 80. (Cards must b= .entered to a
computer in a specific order which is prescribed by the in-
structions which follow.

Column. A column refers to the position from left to right on
a card or line. The first positionh is column H, the second
column 2, and so on. Columns are exactly equivalent to spaces
on a typewriter. Each column may contain any legal typewriter
character -~ including a blank. Note that a blank is entered
with a typewriter space bar.
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Line. A line refers to a position on a private computer file.
This can be thought of as successive lines on a printed page.
A line in a file is an exact counterpart of a card. Again,

the lines must appear in the order specified by the instructions.

Step. A step refers to a group of cards or lines which are
related to the same computer operation. For'example, all the
cards listing the I1D's of the subjects in a particular sample
are in the same step.

 Steps 'in Generating Requested Data

_ To run a request it is necesséky to have each of the following
program components available: the data generator's main program,
the data generator probiem packet for the problem being used, and

a random access file designated INT which contains the nine blocks
of internal Z scores (450 Tines with 53 scores per 1ine). Detailed
directions for implementing the program at ‘a’'hew site are provided
in the game managers manual. The process by which the pregram gen-
erates the requested data is described below in order of request
steps.

Step One. The first step in a request deck consists of a set
of one or more cards which set a series of program switches or keys
to control the operation of a variety of optional features built
into the FEHR data generator. The card or cards for step one are
prepared by the game manager and supplied to each team prior to
their first computer run. The operation of each key is described
by the excerpt from the game manager's manuai which appears in
figure 2.1.

Step Two. ‘The second step of the request deck consists of one
card which identifies the data generation subroutine to be used --
file search, survey, or treatment -- and provides the program with
a random number parameter.. This parameter defines the starting
place in the generation sequence. If identical requests are run
with identical random number parameters, they'yield identical re-
sults. If the parameters are not identical, the resuits will differ
by randomly generated measurement errors.
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STEP 1.

CARD 1

Column

Key

1

0
1

2

Operation of Key (Note: A blank can be substituted for 0.)

No summary statistics are printed.

Means and SD's for all variables are printed ai the end of each
new file search, survey, or treatment.

Means and SD's for all variables are printed at the end of each
sub-unit within a file search or survey. Not used for treatments.

o

Only the regular printer output (device 6) is obtained. (These

are not suitable for direct analysis because they contain many
titles and the like.)

Data is output on computer file device 7 as well as on the regular
printer (device 6). This permits the user to punch the device 7
results on cards or store them on disk, and still receive a printed
output from device 6. The results from device 7 do not contain the
headings or titles, and are in a more compact format than device 6
output. ] : .

— O |

Variable headings are printed for each new sub-unit within a file
search or survey, but (as above) only once for each new treatment.
Variable headings are printed only at the beginning of each new

file search. : :

The costs are accumulated and continuously compared with the maxi-

mum budget entered by the team. When the charges exceed the budget
by 5%, the request is aborted.

Costs are computed as above, but there is no abort if the budget is
exceeded, .

0-9

This is the number of subject ID's to be entered on each Tine.
Normally a key of O (zerog is used to indicate-ten ID's per line.
However, you would use a 1 here if the card outputs from a previous
survey or file search were to-be used to identify the subjects in
a subsequent run. Any other number between 2 and .9 can be used if
the local devices require it, but note that blank ID's are ignored.

— O

Variable scores will be returned for each legal ID entered.

Some students will drop out or move within each survey or experi-
mental treatment (but not in a file search). Different students
will drop out for each different computer run, but the proportions
will be about the same. These proportions (probabilities of at-
trition) do vary from problem to problem, however, and from group
to group within problems.

— O

The usual built-in treatment effects are in operation. .
The built-in treatment effects are each multiplied by a signed
decimal constant. This allows the Game Manager to magnify or
decrease differences among treatments. It would normally be used
only when there were strong pedagogical reasons for changing the
treatment effects. If a 1 is entered in column 7, a treatment

STEP 1.

multiplier card must follow immediately after the key card.

CARD 2 _

This treatment multiplier card is necessary only if a 1 appears in

column 7 or the key card. It contains a multiplier for treatment 1
in columns 1-4, for treatment 2 in columns 5-8, for treatment 3 in’
columns 9-12, and so on up to the total number of treatménts. Each

Figure 2.1.

multiplier should be a decimal number.

" Function of the Keys (or Switcﬁes)'ghtered in Step One of a Request._
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Both the request deck and the generation algorithms are dif-
ferent for treatments than for surveys and file searches. In this
description, steps three to eight describe file searches and surveys
and steps nine to thirteen describe treatments.

Steps Three through Eight: File Searches and SUrvé1§

Step Three. The third step consists of one card which defines
the maximum amount of money which can be'spent on this file search
or survey. Unless the cost default switch wés activated in step
one, the computer will accumuiate costs as each subject is tested
and compare the accumulated total with the maximum budget each time.
When the total exceeds 105% of the maximum, the computer prints a
message that the budget was exceeded then aborts the run.

Step Four. The fourth step consists of one card containing a
list of up to twenty three~digit variable indices. These are checked
for validity by the program then stored in memory for future refer-
ence.

Step Five., The first card in step five contains a key which
determines whether the "secretary" subroutine is to be invoked.
If the key is zero, the computer proceeds with the next step. If
it is one, the computer reads and stores a series of Boolean state-
ments to be used in selecting the subjects. Any of the operators
for a FORTRAN logical IF statement may be used to define the desired
subjects in terms of their scores on the variables requested in step
four. For example, a Boolean statement could be used to print only
those subjects who scored less than 2 on the first variable and more
than 3 on the second variable. Comprehensive instructions for the
use of the secretary feature are provided in the IST unit Using the
FEHR Secretary. ‘

Step Six. Step six consists of one card defining the number
of cards in step seven.

Step Seven. Step seven consists of one or more cards containing
the ID's of the subjects for whom data is to be returned. These are
checked for validity, then stored in memory for future reference.
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Generation Process. The program now has sufficient infor-
mation to procee3 wi£h the generation of variable scores
for each ID listed. This is accomplished by the search
and conversion subroutines.

The search subroutine uses the three part ID to
attach one of the 45° lines of the internal data base to
each individual. Each unit-sub-unit combination is refer-
enced to one of the nine internal blocks. A particular
line within the block is then selected by a procedure
‘that ensures that the same line is.always associated with
the same individual and that a line is not reused until
all other lines in the block have been used. The line of
internal scores is read from the random access file and
then modified according to the sub-unit parameters stored
in memory. Four other parameters (M1, M2, M3, M4) are
computed and used to control the conversion from internal
scores to external scores. The parameters are pointers
used by a conversion subroutine: their function is de-
scribed in a subsequent discussion of that routine. These
four parameters are stored separately for each sub-unit
to permit control of intergroup differences.

When the appropriate line of INT has been attached
to each ID, the four parameters and the set of internal
scores (ZVAR) are wiritten in normal deviate form onto 1/0
device #3, which is a sequential scratch file. The full
contents of this file are subsequently used by the other
algorithms. Once this sequential file has been constructed
for a particular request, the internal data base is not
referenced again and the storage allocated to it can be
released. '

The conversion subroutine generates the external
scores requested by the player from the internal Z scores
stored on I/0 device #3. Each external variable has asso-
ciated with it a number of parameters that are used in
this conversion process. One parameter indicates whether
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~ the variable is nominal, ordinal, or interval, and whether

it is available on file searches, surveys, and/or treat-
ments. Should it be unavailable for the routine requested,
then a value of -99 is returned as the variable score.
Another parameter indicates which is the appropriate in-
ternal variable to use for the conversion. A third pa-i
rameter indicates for each external variable classified

as interval the population mean for the particular unit-

"sub-unit combination referenced, while the fourth pa-

rameter indicates the standard deviation of that popu-
lation. Unreliability in the external scores is intro-
duced by using the fifth parameter, reliability, in the
manner previously described. In the case of a survey,

a different error component is generated each time. For
file searches the random number generator is preset to
the same value every time the saﬁe variaBIe is requested
for a particular individual. Thus, the same score is
generated each time a file search is conducted of that
individual. File searches do not return errorless or
"true" scores -~ they simply use the same measurement .
error each time. |

Through all of this there is the possibility that
the random number generator will cause the external score
to be too large or too small to be practically feasible.
It was necessary to check each score to make sure it did
not exceed the maximum or minimum values established from

the test manuals or from the literature. If an external

score exceeded the maximum, it was set equal to the maxi-
mum parameter. Similarly, if it fell below' the minimum,
the score was set equal to the minimum.

In performing an ordinal scale conversion, the stand-
ard normal distribution was divided into ten equal prob-
ability regions and a certain external score was attached
to each region. The internal Z score had unreliability
added to it in the same manner as for continuous variables,
Then the modified internal Z score was examined to see in
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which region of the normal curve it fell and the attached
external score was then used as output. For ordinal vare-
iables, only the first three parameters were necessary,
with the third being a pointer to the appropriate vector
of ten external scores.

Many of the variables usually considered nominal were
capable of being generated by the ordinal procedure de-
scribed above. However, certain critical nominal variables
(e.g., sex and race) were stored directly in the internal
file. These stored values were used as the external scores
of the variables without conversion. Consequently, only
the first parameter was necessary for variables of the
nominal type.

A technique to obtain a substantial amount of data
compression throughout the conversion process was to asso-
ciate with the unit-sub-iinit portion of each ID a set of
pointers to the previously discussed parameters rather
than the parameters themselves. For example, in many
problems there is a need for vastly different variable
means from subgroup to subgroup. Rather than have the
mean for each variable attached directly to the sub-unit
thus many sub-units could be pointed to the same vector of
means just by repeating a single digit. This procedure
was also followed for the standard deviation, reliability,

Amaxima, and minima parameters. The pointers were attached
to each individual depending on his sub-unit membership in
the search subroutine, and became part of the sequential
scratch file on 1/0 device #3. '

Step Eight. The last step in a file search or survey consists
of a single card which contains 'END' if the run is now complete,
'MORE' if more than the maximum number of vairiables (19) was desired,
and 'NEW' if a second request (e.g., one or more treatment groups)
are to be obtained on the same run,
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Steps Nine through Thirteen: Treatments

Step Nine. Step nine is actually the third step in a treatment
request. It consists of one card which identifies: (1) the number
of cards of subject ID's, (2) the number of measurement or obser-
vation times, (3) the number of different treatments to be admin-
istered to these subjects.

Step Ten. Step ten consists of one or more cards listing the
ID's of the subjects in this treatment group (i.e., all getting the
same treatment).

Step Eleven. Consists of one card.for each measurement time.
Each measurement card begins with a two digit number identifying
the time at which the measurements were taken, followed by a 1list
of three digit numbers identifying the variables to be measured at
that time. )

Step Twelve. Following the measurement cards are one or more
treatment cards. Each of these 1ist two things: the time at which
the treatment is to begin and the index of the treatment to be ad-
ministered.

Generation Process. The ccncept of external treatment
was implemented by modifying the internal variable rather
than operating on the external variables directly. It
was necessary to follow this procedure so that external
scores that ought to covary would continue to covary after
the treatment was applied. For instance, the treatment

- ought to affect the general ability to read rather than
just one particular reading score.

The modification of tihe internal variables due to a
particular treatment is accomplished by the treatment sub-
routine which consists of two parts. First, each indi-
vidual's treatment time is modified. Second, the amount
of growth on cach variable is calculated from the appro-
priate stored parameters and the modified time parameter.
This has the effect of creating a.different growth curve
for each simulated subject. In calculating the time
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modification, the time modification is determined by the
initial values of the internal Z scores of the individuals,
Then the weighted sum of internal Z scores is computed

and divided by the sum of the weights. Since the mean
value of the internal Z scores is by definition zero, the.
mean value of the weighted sum divided by the sum of the
weights is also zero. This ratio will be larger than

zero whenever the average value of the heavily positively
weighted variables was larger than zero and the heavily
negatively weighted variables was smaller than zero. The
larger the scores of the positively weighted Z scores,

the Targer the ratio will be and similarly for the neg-

atively-weighted Z scores. -The time specified by the
player is multiplied by this ratio, and the result added
to original time to produce a modified time. The modified
time will be larger than the player specified time for
these individuals that are superior in the positively
weighted variables and/or inferior on the negatively
weighted variables. It will be smaller than the player
specified time for those individuals that are inferior

on the positively weighted variables and/or superior on
the negatively weighted variables.

After the modified time is determined, a treatment
effect is computed. - This effect is computed as the amount
of change in the initial internal Z score. It is achieved
using a set of treatment curves that are specified in the
following manner. For each of the internal .variables
that can be changed there is a unique curve specified for
each possible treatment. The curve is the amount of Z
score gain as a function of modified time. The curve in
all instances is stored as a set of four parameters which
can specify a large number of different treatment curves
of the type required. Technically, the parameters specify
a set of possible transformations to the hyperbolic tan-
gent curve. The hyperbolic tangent was chosen purely be-
cause of its convenience in allowing a large number of

reasonable treatment curves to be specified.
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When all of the internal variables have been modified
using the modified time parameter, the full set of inter-
nal Z scores is then written out on another sequential
scratch file for use in the conversion subroutines from
internal to external scores. That is, once an internal
score is changed, it becomes the operative internal score
for the individual. We choose to operate on a copy of
the internal data base yrather than on the internal data
base directly because one line of the latter can represent
many individuals and since different individuals can be
put into different treatments, then it is essential that
the copy be used rather than the original.

Step Thirteen. Step thirteen consists of a single card which

" specifies 'END' {f the run is completed, 'MORE' if another treatment

group from the piayers' experiment is to be generated,-and 'NEW' if
another run is to follow (e.g., two different experiments).

SECTION II. DEVELOPING A PROBLEM PACKET

It was mentioned previously that the FEHR computer program re-
quired a separate problem packet for each of the eight problems.
Each packet specifies a unique set of program parameters which de-
fine the research population, the educational treatments, and the
variables to be used in the problem concerned. The purpose of this
sectioni is to describe the process by which these problem packets
were deveioped. Our intant here is to provide just enough descrip-
tive detail to give the reader an understanding of the scope and
complexity of the problem development task.

There are three main phases in the development of a problem
packet: (1) operationalizing the problem, (2) specifying the =~
program parameters, and (3) preparing the problem packet (card deck)
which defines these parameters for the computer. Each phase is Hé-
scribed under the appropriate heading below.

Phase 1: Operationalizing the Problem

The task of preparing a specific operational statement of the
problem to be simulated is similar to the specification of a problem
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to be researched. The major difference lies in the amount of de-
lTimitation required. Our procedure consisted of the following ten
steps.

1. The content of the problem was identified, and delimited
to a researchable scope and size. i

2. The Titerature was searched for previous research relevant
to the problem area. A summary of each relevant study was
prepared and put in the Information Bank.

3. The probiem to be developed was then defined operationally
as a discrepancy between what is happening in the (simulated)
system and what should be happening in the system.

4, A finite set of possible treatments for remediation of the
problem was identified. A verbal description of each treat-
ment and its anticipated effects was then prepared. In
general, it was impractical to have more than ten treatments
in a problem. (The current educational practice was always
included as one of the treatments.)

5. The nature of the research population is specified, and
each of the sub-groups within it. The nature of the dif-
ferences between sub-groups was then described in detail.

A sub-group is here defined as any set of subjects who may
be expected to have different initial score patterns or to
respond to treatments in a unique way.

6. The set of dependent variables (tests) which weve to be
available in the problem were selected. This list included
any variable which should change as a result of a treatment.
Next, for each variable, the population mean (M), standard
deviation (S), and reliability (R) was defined. In the
case of standardized tests, the pub]ished'statistics'were
used for this purpose. OQtherwise, arbitrary values which
appear reasohable to describe the population were chosen.
Where multiple statistics were necessary (e.g., when various
grade levels had different means and standard deV1at1ons)

a table of statistics was prepared.
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10.

The set of independent variables which were to be available
in the problem was selected. This list included any var-
iable (test score) which should not change as a result of

a treatment; e.g., sex, race, sibling position, SES, and
(frequently) IQ. For all except the nominal variables the
population mean (M), standard deviation (S), and relia-
bility (R) were defined. Again, the published norms were
used for standardized tests and arbitrary values were chosen
for the remaining variables. As above, tables were pre-
pared whenever multiple statistics were required.

Both the independent and dependent variables were organized
into clusters which seemed to be measuring zpproximately

the same thing. Each variable within a cluster was expected
to react to treatments in a similar manner. Thus it was
possible to generate all the variables within each cluster
from the same internal variable. The goal was to have as
few interna® variables as possib]g ~~ particularly criterion
(dependent) variables. In subsequent discussion, we shall
call these internal references the construct variables.

In general we aim to have between ten and twenty constructs,
excluding any of the built-in nominal variables. To save
space, a number of unimportant variables were clustered
about a "garbage" variable and made to appear different by
giving them low reliabilities.

The sub-groups from step 5 were now clustered into sets
having similar minority/majority (e.g., black/white) dis-
tributions. Al11 sub-groups within:each cluster can thus
be referenced to the same internal block, -

The -problem specifications developed above were reviewed
to determine whether further delimitation was necessary.
The upper limit for the total parameter set is roughly
defined by the expression

NSGL9(NEV) + 6/NIV + NDV) + 4(NT)(NDV)]

where NSG is the number of sub-groups, NEV is the number
of external variables, NIV is the number of independent-
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Phase 2:

variable constructs, NDV is the number of dependent-variable
constructs, and NT is the number of educational treatments.

As a rule of thumb, the problem was further delimited when-

ever the value of the expression exceeded 10000.

Specifying Program Parameters

The program parameters for a problem were specified by filling
out a serics of thirteen forms. Facsimilies of these forms are re-
produced on the following pages. Cross-check information regarding
the preparer, the preparation date, and‘date of entry into the com-
puter was included on each form, but has been omitted from all but
form 1 here to save space. The information required by the forms
was recorded in the following steps.

1.

The clustered variables from step 8 and the corresponding

.-means, standard deviations, and reliabilities were entered

in the blanks to the left of the double 1ine on form 1.
The members of each cluster were entered contiguously, and
horizental lines were drawn to separate the clusters of
variables from one another. ‘

One of the construct variables from internal data base in
the file INT was chosen to represent each cluster of ex-

~ ternal variables. A complete listing of the 53 construct

variables in INT appears in figure 2.2. The placeholder
names of the variables were used as a guide in this process,
but these were not considered definitive labels. Also, ‘
the correlation matrix:- for INT was used as a guide in se-
lecting construct variables. But it was only necessary for
the correlations to roughly approximate their theoretical
values (i.e.,'within'}zs), since it was possible to adjust
correlations by means of the Z-add device. This process
will be discussed in a subsequent section.

A 1ist similar to that in figure 2.2 was used to check off
which of the INT variables were to be used in the problem.
These were then entered in ascending order on form 2 in
the first and third columns. Since only the constructs
actually used are read from INT in any one problem, the
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COMPLETED BY: ON PROBLEM:
DATE ENTERED BY: ON PAGE OF DRAFT

.

FORM 1: DEFINITION OF EXTERNAL VARIABLES

VARIABLE VARIABLE NORMS EXTERNAL |_4 LETTER CODE NAMES | CONSTRUCT | VARIABLE
NAME M S R INDEX LINE TILINE ZJLINE 3| INDEX TYPE

FORM 2: TREATMENT WEIGHTS FORM
NEW VARIABLE

CONSTRUCT |  CONSTRUCT INDEY. TREATMENTS
INDEX DESCRIPTION INBLOCK|| TT 21 3141518617
1
2
FORM 3: VECTORS OF MEANS
EXTERNAL | TAVEAN” ~
INDEX NAME 23] 4[516] 7] 8100712113
] ‘
2
FORM 4: VECTORS OF STANDARD DEVIATIONS
EXTERNAL S0 —
INDEX NAME T 231461671 81910 OTIT2 113
]
2
FORM 5: VECTORS OF RELIABILITIES
EXTERNAL ' "RELIABILITIES'
INDEX NAME T 213141516171 8] 9[10TTT1IZT12
—
2
FORM 6: VECTORS OF MAXIMUM VALUES
EXTERNAL |- {7 TMVMAX”
INDEX _NAME 2134516l 71810112713
1 8- 1
, 5
FORM 7: VECTORS OF MINIMUM VALUES
EXTERNAL "TMVMIN®
INDEX NAME T1 2] 33 [6[ 6] 7] 8100 ITTI2]T3
]
2
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FORM 8: DEFINITION OF SUBPOPULATIONS
SEARCH SUBROUTINE PARAMETERS
_ GROUP | (UNTT SUBUNIT) | N1 BLOCK | MEAN [ S.D. [ MAXMIN | REL | Z-ADD | PRIME

FORM 9: DEFINITION OF SAMPLE SIZES FOR UNIT/SUBUNIT COMBINATIONS

SUBUNIT T 1 2] 314151671 819 T WO[T[I2][3[1A[I5116 T8

1

2

FORM 10: VECTOR DEFINITION FOR QUASIDISCRETE VARIABLES (See Form 11

for vectors per se)
VARIABLE Z | INDEX | TITLE CATEGORIES INDICES OF VECTORS USED

1

FORM 11: VECTORS USED FOR QUASIDISCRETE VARIABLES

VECTOR -

INDEX 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
] .

2

FORM 12: Z-ADDS FOR CONSTRUCT VARIABLES

NEW
CONSTRUCT Z-ADD INTERNAL

INDEX NAME t{21314151 6717819110 fIT]712
1
2

FORM 13: DEFINITION OF TREATMENT EFFECTS FOR TREATMENT

NEW
CONSTRUCT '
INDEX DESCRIPTION X | Y |ORIGIN | ROTATION | CURVE

1
2
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VARTABLE | - ) VARIABLE o
INDEX INDEX
IN BLOCKS § PLACEHOLDER VARIABLE NAME IN BLOCKS] PLACEHOLDER VARIABLE NAME
1 Perceptual Motor - 34 | Reading Achievement
2 Visual Comprehension 35 Oral Reading Skill
3 Physical Science Achievement 36 Language General
4 Social Studies Achievement 37 Garbage Variable
5 Arts & Humanities Achievement | - 38 SES Level
6 Health Science Achievement 39 lWriting Ability
7 Attention Span 40 1§ Problem Solving Ability
8 Peer Interaction 4] Reasoning Ability
9 Class Participation 42 Perceptuai Ability
10 Willingness to Work 43 | Age |
11 Visual Memory : 44 ___§ Visual Perception Skills
12 Spatial Ability 4, ] Auditory Perception Skills.
13 Visual Motor 46 Personality Type
14 Auditory Memory 47 Motor Ability
15 Auditory Comprehensior 48 Memory
16 Balance & Posture 49 Health
17 Word-Study Skills | 50 Sex: 1 = Female
18 Attitude to Major Area = Male
19 Human or Social Skills 51 Sl - Majority (white)
20 Mathematical Concepts 2 = Minority (black)
21 Arithmetic Computation 52 ] FMLY RLTN: 1 = only child
22 Non-verbal Aptitude 2 = oldest of 2
23 Word Approach Skills 3_=_youngest of 2
24 Word Comprehension 4 = oldest of 3-5
25 Readiness to Learn _ 5_= middle of 3-5
26 Verbal Aptitude _ 6_=_youngest of 3-5
27 Total IQ | 7 = oldest of 6+
28 Parents Occupation 8 = middle of 6+
) 29 Parents Education 9 = youngest of 6+
30 Present Achievement (General) 53 _ vamj_g]; 1 = both parents "
31 Classroom Behavior - 2 = divorced parents
32 Attendance 3 = mom dead
33 G.P.A. (Past Achievement) 4 = dad dead
. 5 = step-parent

Figure 2.2. Summary of the Internal or Construct Variables
Contained in the INT File.
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number in the second column now becomes the construct index
for the problem concerned. These indices were entered under
the "construct index" heading on form 1.

At this point, the material on form 1 was frequently re-
organized so 3s to group variables by their external meaning.
For example, all aptitude tests coulc be grouped together,
regardless of their internal construct. When the reorganized
material had been copied to a new form, the remaining col-
umns of form 1 were completed as follows.

(a) The external variable indices were developed by num-
bering from the top down in the first column to the
right of the double iine. (Note: A1l material to the
left of the double line is real-life information, while
that to the right defines the state of affairs inside
the computer.)

(b) The four-letter codes columns were filled with mne-
monic aids te variable recognition. These three codes
will be printed by the computer on three lines, one
below the other.

(c) The construct indices were checked for accuracy.

(d) The "variable type" column was completed according to
the key given below. (Note: A variable was defined
as quasi-discrete whenever the normal deviate score was
to be transformed to an ordinal or nominal scale. For
example, parents' education or SES might be generated
as quasi-discrete variables in order to control the
percentage of cases in each category. Discrete var-
iables are those stored directly; that is, variables
generated from variables 50 through 53 in figure 2.2.

KEY

1 = Continuous ' _

2 = Quasi-Discrete Variables available on file

3 = Discrete - search only.

4 = Continuous -

5 = Quasi-Discrete Variables available on file

6 = Discrete search, survey or treatment.
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7 = Continuous

8 = Quasi-DiscréEE}--Variab]es available on survey

9 = Discrete and treatment.

10 = Continuous

11 = Quasi-DiscréEE}-—-—Variabies available on treatment
12 = Discrete only.

(e) The variable and external indices from form 1 were
copied into the first two columns of forms 3, 4, 5, 6,
and 7.

5. The sub-groups of the research population were organized
into units and sub-units according to two external classi-
fications. Thesa were usually physical groupings such as
schools (units) and_classrooms within schools (sub-units).
These were listed on form 8 in any logical order which
maintained the contiguity of sub-units all belonging to a
particular unit. The "group" column was used to verbally
define the external name of the group. The "unit" column
was filied in by entering a "I"for all groups in the first
unit, a'2"for all groups in the second, and so on. The
sub-unit column was then completed by numbering contin-
uously (form 1) within each unit.

6. An arbitrary sample size was then defined for each group,
and entered under the “"N" heading on form 8. For convenient
computer entry, this information was then duplicated on
form 9. N

7. Each sub-unit was assigned to a block according to the de-
sired majority/minority proportions. The appropriate index
was then entered in the "block" column of form 8.according
to the following key.

BLOCK % BLACK POPULATION

1 1%
10%
25%
40%
50%
60%
75%
90%

9c.c

W~NOOITP»WN
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Systematic differences in patterns of scores from sungroup -
to sub-group were created by defining a Z-add for each con-
struct variable within each group. A Z-add is a constant
which is added to the nominal deviate "true" score before
an external score is generated. Thus a Z-add of + .5
would raise each subject's true score and the group mean
score by half a standard deviation. A different vector of
Z-adds was defined for each cluster of sub-groups developed:
in step 9 of the operationalizing phase. A Z-add values
for the first cluster was entered in column 1 of form 12
- for each construct variable. Then values for the second

. cluster were entered in columnh 2, and so on. When this was
completed, the appropriate vector indices were enterad on
the Z-add column of form 8. Groups referenced to different
vectors exhibited different patterns of true scores.

A second function of the Z-add variables which is less
obvious is that they also influence the intercorrelation
amang constructs. Although the procedure is in practice
very complex, the idea is simple. Whenever it was desired
to increase correlations, identical amounts were added to
all the target variables within each vector, and the dif-
ferences between vectors were emphasized. When reduced
correlations were desired, the Z-adds of the target var-
~jables were given opposite signs.

Vectors of means for form 3 were developed as follows.
First, an "expected mean score" for the first sub-group
listed on form 8 was entered in column 1 for each external
variable of the continuous type, and a -1 for each variable
which is discrete. For each quasi-discrete variable an
index number was entered: this index referred to one of
the quasi-discrete on form 11. '

Form 11 was developed by the following process. When
the first qUasi-distrete variable was encountered, the first
vector (1line) of form 11 was cqmp]efed by entering in each
column the value to be printed if the internal Z score was
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in the decile indicated by the column heading. A “1" was
then entered in column 1 of form 3 to indicate that the
first quasi-discrete vector was used. When the second
quasi-discrete variable was encountered, .the "1" index
could be re-used if it defined the desired output, or a
new quasi-discrete vector could be defined and the index
"2" entered on form 3. This-procéss was repeated until
all the quasi-discrete variables were indexed.

At the end of the above process; each variable listed
on form 3 had either a mean value or an'index'numbek in
column 1. At this point, a "1 was entered in the MEAN
column of form 8 opposite the first group to reference it
to the first vector of means.

If the next group was expected to have a similar pattern
of external scores, a "1" was also entered opposite group 2.
Otherviise, a second column of means was developed and a "2"
was entered in the MEAN column to indicate that this group
used the second vector of means. The first step in defining
the means of each new group was to examine the existing
vectors for a suitable pattern. If one was found, its index
was used on form 8. Otherwise a new vector was defined on
form 3 and its index was recorded. This process continued
until a MEAN index had heen defined for each group on form 8.

10. A similar process was used to define the fectors for stand-
ard deviations, reliabilities, maximas, and minimas. How-
ever, in each of these vectors all quasi-discrete and dis-
crete variables were given a value of zero. At the end of
this step, forms 3 through 7 and all but the last column
of form 8 were complete.

11. Thc PRIME column of form 8 was completed by entering a dif-
ferent prime number for each group. These numbers were
used by the data generater to define a starting point in
the random number geiierator; this was used 1o ensure that
a file search retrieved the same variable scores for a
particular individual each time he was referenced.
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12. Form 10 was completed at this point to provide a cross-
reference and help eliminate referencing errors. None of
the information on this form was new, it was all contained
from the other forms. A1l errors exposed were corrected
imnediately.

13. The general treatment effects.were defined on form 13.
First, a separate form was prepared for each treatment by
copying the construct indices and descriptions from form 2.
Next four parameters were selected for each internal var-
iable so as to define a generai growth curve for the var-
iable which was judged to be consistent both with previous
research and with the pedagogical purposes of the problem.
Several hundred different growth curves had been generatud
by trial and error using a wide variety of parameter com-
binatiors. Once a desirable curve had been selected,. we
simply entered the parameters associated with the trial
curve most like the one desired. At the end of this process,
a different growth curve had been defined for each construct
variable for each of the treatments.

14. The interactive or moderating effects of vakiab]es upon a
treatment's learning curves were defined by compieting the
treatment weight vectors on the right hand side of form 2.
The number in the cnlumn headings refer to treatment in-
dices: the first column of weights will be used with treat-
ment 1, the second with treatment 2, and so on. These
weights were selected according to the fcllowing guidelines.

a. An arbitrary weight between -99 and +99 was entered for
each internal variable used for the treatment concerned.

b. A positive weight implies that the higher the student's
initial score on this particular internal variable, the
further to the right he will move on each of the learn-
ing curves. A negative weight implies that the lower
a student's score on this internal variable, the fur-
‘ther to the right he will move on each of the learning
curves. In both cases, scores at the opposite extreme
produce leftward movement.
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c. The relative size of each variable weight determines
" the importance of that variable in moderating the
treatment effects. '

Phase 3: Preparing the Problem Packet

The card deck defining the problem packet for the problem was
prepared by punching a Fortran data statement for each of the vectors
defined by the thirteen forms. Although this was a time consuming
task, it was largely mechanical, and need not be elaborated here.
Once these packages had been successfully compil2d, the simulated
problem was ready for formative evaluation, which is dealt with in
the next chapter.
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CHAPTER 3
FORMATIVE EVALUATION AND PROBLEM VALIDATION

This chapter is concerned with the formative evaluation of the
entire FEHR system and the presentation of evidence of the validity
of the eight preblems. The material is organ1zed into three sectiens.
The first section describes the formative evaluation process. The
second section chronicles the evolutionary changes to FEHR-PRACTICUM
during the formative evaluation. In the third section a series of
reports from teams who conducted a variety of simulated research
projects within FEHR-PRACTICUM are summarized to illustrate the

" internal validity and verisimilitude of the eight FEHR problems.

SECTION I.  FORMATIVE EVALUATION PROCESS

The formative evaluation of a problem began immediately after
the first successful compilation of the problem packet. The first
step was to run two successive surveys of a small group of simu-
lated subjects (e.g., a single class) and compute the means, stand-
ard deviations and time-time correlations. These statistics were
then checked against the input parameters, and adjustments made if
large dlscreanc1es occurred

- The second step was to run two extreme groups of subjects (e.g.,
a high achieving class and a low ach1ev1ng class) through each of
the available treatments taking pre and post meastires each time.
‘Since the computer set the classes back to the same starting point
at the beginning of each treatment period, this procedure allcwed
a direct check of treatment effects and their interaction with what-
ever variable was used in selecting the extreme groups. Again, ad-
justments to parameters were made if the score-patterns were un-
satisfactory. '

The third step was to try the problem with a small set of
researcher-trainees. Wherever possible we hand-picked these groups
to obtain both a high level of skill and a high tolerance for delays,
ambiguities and inconsistencies.
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The fourth step was a full-fledged trial of the problem in a
regular class setting. Although this was' technically a summative
evaluation of the problem, it was also formative in the sense that
comments and criticisms collected during this phase resulted in
some of the most important system changes. Since the problems were
developed and evaluated sequentially, most of these changes occurred
during the evaluation of the first two problems. A summary of the
comments of the game managers for the first two off-campus trials
are provided to introduce the need for system modifications. We are
particularly grateful for the criticisms of Dr. Candy Garrett of
Indiana University, Dr. Uldis Smidchens of Western Michigan Univer-
sity, and Dr. William Loadman of Ohio State University. Among the

more important comments and criticisms were the following.

(1) Information Bank material was not recent or complete or
accurate enough. Specifically:

(a) Several recent studies were not included in the Bank.

(b) Validity and reliability information was missing for
some variables.

(c) Several variables have been changed so that FEHR out-
puts scaled scores, but only raw score statistics
appear in the Bank.

(2) Definitions of 1-5 scales (e.g., distractability) need to
be made mcre explicit.

(3) The explanation of the use of the FEHR secretary is totally
confusing. Instructions need to be rewritten in a pro-
grammed format with illustrations.

(4) 1s it possible for the data cards output from a file search
or survey to be used to define subjects in a treatment
request?

(5) The program was very difficult to debug. Would it be
possible to break it down into smaller sections?

(6) The message generator concept was not useful. Students
" experienced a tremendous information overload without
having to deal with teacher strikes.
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(7) 1t would seem more useful to incorporate some of the IST
material (e.g., how to prepare a request for the data gen-
erator) into the general instructions for the game.

SECTION II. EVOLUTIONARY SYSTEM CHANGES DURING EVALUATION

During the evaluation process needed revisions were made as the -
need arose. These covered virtually every component of the FEHR
system. The substantive changes to each component, and the reasons
for each are summarized below. '

Introductory Materials

The introductory materials, as conceived in the original pro-
posal, consisted of two separately-bound booklets titled Players'
Introductory Booklet and Players' Orientation Booklet. In addition,
a''game manager's orientation script" was mentiored. It was to be-

- come .a section in a comprehensive Game Manager's Manual. The evalu-
ation results and the ensuing revisions are itemized according to
those headings.

(1) Players' Introductory Bocklet. The prototype booklet pro-
duced in 1970-71 consisted of a narvative introduction to
the game anqﬂgpujliqstratgd description of Fair City,

u. s. A;, the hypothetical city which forms the environ-
ment for FEHR-PRACTICUM research. But, in our first full-
fledged games during summer 1971, we found that players
frequently wished to check information contained in the
Fair City description. Consequently, these two sections
are now bound as separate booklets.. The first is titled
Players' Introduction to the FEHR-PRACTICUM Game, and the
second Fair City U. S. A.

(2) Players' Orientation Booklet. The prototype version of
this booklet was a semi-programmed text in which the
plavers "watched" as a mythical player named Smith com-
pleted a sample prcblem. It was obvious from the first
use of these materials during the fall semester, 1972
that drastic revisions were necessary. The orientation
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was far too long -- it took almost four hours to complete
-~ and it required far too much new material for students
to assimilate. In particular, two major »roblems were
identified: (1) the emphasis on the terms "game" and
“decision” led subjects to search for the "best" research
design which they assumed to be hidden in the machine
rather than attacking the problem as they would in real
life, and (2) wplayers had difficulty learning to use

the forms by which they made requests for information.

We experimented with various forms and tried out two
ndndidactic_approaches in our presentationé to the sy~
chology 292 class and the author's Education C650 class.
Although the modifications a’tempted were better received,
there were still complaints about the iength of time taken
for orientation. |

We next experimented with a radically different
approach. The essence of the new plan was to provids
each player with semi-programmed instructions for using
each component of the game. The purpose -of the orien-
tation in this context was to teach piayers how to use
the instructions. The major advantage of the new format
was that players could immediately begin to 3olve their

- problem rather than beginning with a sample problem.

The programmed instructions as described in chapter 1
proved much superioy. Approximately 200 students have
now used this version with little or no problem.

(3) Game Manager's Script for Orientation. The seript which
accompanied the original orientation was, of course, in-
cluded in the'negat1Ve eva]uation‘above,'and consequently
dropped. Instead, the Manual now:contains a series of
notes alerting Game Managers to areas which cause students
diffi-.lty and suggesting heipful’teaching strategies.

The Computer Program

One of the first changes to the computer program was to change
the method by which treatments affected test scores. In the initial
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model, each external variable was changed separately. In January 1972
the program was altered so that treatments modified only internal
variables. In the case of PEP, this accomplished a 10:1 raduction

in the number of treatment parameters needed and a similar reducticn
in the number of treatment computations.

During that same period, we had encountered difficulties in
translating literal variables from the IBM Format.at Michigan to
that used by the CDC 6620. This trouble was resolved in April 197?'
when the literal statements were all rewritten as Ha]]er1th var1ab1es,
which are available in similar form on a11 FORTRAN compi]ers

As a result of the comments received during our initial evalu-
ation trials, the task of rewriting the entire program in modular
form was begun. This was aczomplyshed by late 1972, but the new
form of the program was not .used externally until 1973, imp]emen-
tation at Michigan State University (another CDC installation) was
accomplished in a single one-day visit using the modularized version.

Two additional optiqns were added to the program in early 1973.
First, in Tline with a suggestion from Ms. Garret, the program was
modified te permit subject ID's to be entered ints a Eequest one
per Tine. This permitted the output from previous runs (or before-
class runs by an instrucior)gtoabe;usédaas«input, thus simplifying
the sample-definition task. Second, @ student mobility factor was
added. Each student population was given-a "probability of moving"”
parameter. When this feature is used (at the option of the instruc-
tor or game manager) students‘disappear from the class (i.e., move)
during the course of an experiment. This permits students to ex-
perience the phenomenon of attrition which plagues educational re-
searchers. (Some schools in cities like Detroit Frequently have
attrition rates of 75% per year or greater.)

During the first six moriths of 1974, the entire program was
.again rewritten to make it more comprehensible to others. Although
none of z:e algorithms were changed, the logical flow was improved,
and exteﬁsive comments inserted. It is this version of the program
which accompanies this report, ’
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1.5.T. Units

It has been our initial plan to use the In-Service Training
Units to teach people to play FEHR. In addition, they were meant
as a "place-holder" to demonstrate how individualized training
materials could later be inserted to teach the substantive content
of research/evaluation. However, much of the material oﬁigina]]y
intended for the IST units was no longer needed after the programmed
playing instructions were developed. Consequently, this version
of FEHR contains only four units instead of the ten originally
planned. However, this does not represent a real restriction of
the product, since almost all of the material for the planned IST
units is incorporated in the instructions.

The Message Generator

In early descriptions of FEHR-PRACTICUM, considerable impor.
tance was attached to the message generator. However, sev2ral of
the early users of the system thought that players already.had too
much to contend with and that messages such as notifications of a
teachers strike were of marginal pedagogical use. In the current
version, the message generator concept is an option which may be
used by the game manager, but is not a necessary component of the
bracticuﬁ: (A variety of suggested messages appear in the Game
Manager's Manual,)

The Information Bank

During our first field trials, the Information Bank was roundly
criticized for being out of date and for having incomplete summaries
of the studies represented. Since it was patently impossible to
eep the Bank completely up to date, and since summaries by their
very nature are less than comprehensive, we:dgcjded wiat an error
had been made in defining the role of the Bank. Rather than definirg
it as a simulated iibrary, we now describe it as a set of abstracts
which may be used either as a placeholder for the literature search
(not a substitute), or as a preliminary screening device_to deter-
mine which materials should be read in their entirety.
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RFP Packages (Problem Descriptions)

The early problem descriptions tended to be lengthy narrative
descriptions. These were heavily criticized by many of the early
users. An additional writing burden was imposed by the decision to
develop structured and restricted versions of each preblem in ad-
dition to the full-fledged original version. Censequently, there
was an accute need to provide more -compact and succinct descriptions.
This was accomplished in two ways. First, a hierarchical organi-
zation was developed. Summary information was given first, with
supporting details in a variety of appendices.- Second, the "check-
list of assigned tasks" was developed to permit instructors to de-
fine their own problem structures and restrictions. The latter
obviated the need for multiple versions of each problem. (The
functions of both these devices were fully described in chapter 1,
and need not be repeated here.) The present‘RFP (Request for Pro-
posals) format was adopted for the third problem (Extended School
Year), and was so well received that the first two probleins were
immediately rewritten in that form. ‘

Reduced Number of Problems

The only departure from the original contract specifications
which was not explicitly ratified by USOE was the decision to dis-
continue the development of problems nine and ten in favor of multi-
ple versions of each problem. However, this decision was fully
justified, we feel, for several reasons. ' -

The problems, according to the specifications of the progress
report dated October 20, 1972, were to feature performanceftontracts
based on the data base in remedial arithmetic and the readihg assess~-
ment probiems (2 and 5). However, after three months of exploratory
work, we had failed to discover a vehicle for negotiating the per-
formance contract (e.g., a blank contract) which was realistic and
comprehensi e without being prohibitively didactic. In addition,
the first programming of the READ problem had prcven woefully in-
adequate: the entire development process had tn be repeated. All
of:these events favored the discontinuance of problems nine and ten.
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But the final decision was based on cost effectiveness arguments.
It was, we decided, a better use of time and resources to develop
three different versions (restricted, structured, and unstructured)
than to pursuefa problem content which offered 1little chance of
success. The triple version alternative had the additional advan-

“tage of broadening the appeal of the total package, since less so-

phisticated students could benefit from the simpler problem versions.
This turned out to be a particularly fortunate decision: the "check-
list" format eventually developed resulted in not three but many

~ levels of difficulty/complexity for each problem. (The exact number

is, of course, finite but undeterminate.)
SECTION III. ILLUSTRATIVE FEHR PROJECT REPORTS

In this section we shall attempt to illustrate the validity and
verisimilitude of each problem. It is assumed that the best evi-
dence c¢f validity and verisimilitude is the’ product which resuited.
Consequently, we shall present one illustrative project report for
each problem. Following each illustrative report is a brief summary
of the evaluative comments made by trainees and game managers who
have used the problem. S5ince these are intended to reflect the _
present status of the problems, comments which are no Tonger apropbs
(e.g., because of changes to the system)-have been omitted. Since
space prohibits the reproduction of complete reports, oniy one of
these illustrative projects is presented in its entirety.

=% In the follewing pageQ, a sample final report and evaluative

- comments are presented for each of the eight problem content areas.
These are presented in order of their RFP number as outlined below:

RFPOOT  Perceptual Education Problem (PEP)

RFP002 Remedial Arithmetisz (REMAR)

RFPOO3 Extended School Year (EXTSY)

RFPOC4 Early Childhood Education (HEADSTART)

RFPOOS feading Assessment Problem (READ)

RFPO06 . Validation of a Teacher Questionnaire (TQUEST)
RFP0O07 Remedial Math for Adults (RMA)

RFP008 Busing to Achieve Integration (BUS)
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For reasons described in context, only the report for the REMAR
problem is reproduced in its entirety. The remainder are summaries
of reports at varying levels of sophisticaticn. It is important
for the reader to recognize that these are the products of trainees -~

0 ar trainees

many of whom have had no previous research training or experience.
Inclusion in this section is not meant to imply unreserved support
for either the problem definition or the research strategy.

I. RFPO01: PERCEPTUAL EDUCATION PROGRAM (PEP)

The information contained in this summary is based on a report
by FEHR trainees 12, 24, and 54. The general assignment was to ex-
perimentally evaluate the effectiveness, relative to pfesent practice
(PP), of two programs for students in Fair City's elementary schools
who are not making satisfactory academic progress even though they
are of at least average intelligence and have no serious uncorrected
physical disabilities. One of the programs to be evaluated was
designated VPM because it featured visual.perceptual motor training.
The second program was designated SLD to indicate its emphasis on
the diagnosis and treatment of specific learning disabilities.

The members of the evaluation team had all completed two se-
mesters of researbh design and data analysis prior to this project.
The material below is a shortened and simplified summary of their
final project report.

A. Illustrative Report

Problem. After an extensive review of the literature, the
target populationwas those students in grades 1-3 at Jack-
andji11 school who were scoring in the bottom 15% of the
national norm group on the SAT tests for woerd meaning,
paragraph meaning, arithmetic computation, and arithmetic
concepts. The problem was to determins which of the three
programsv--'preseni practice, VPM, and SLD -~ produce the
most growth on the four SAT tests listed above.

Hypotheses. On the basis of a careful review of learning

theofy it was hypothesized that the treatment means would

rank PP < VPM < SLD in ascending order of effectiveness at
all three grade levels.
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Method. A stratified random sample of 120 subjects was
chosen from the target population, with 40 subjects in each
grade. Educational effectiveness was defined as the average
of the four SAT tests when each test score has been trans-
formed to a Z score in the appropriate normative population.
The design was a 3x 3 analysis of variance (grades x treat-
ments), with the average Z score as the dependent variable.

Resuits. The overall analysis of variance yielded a sig~
nificant difference among treatments, but there was no
significan, main effect for grades, and no significant
grade by treatment interaction. In subsequent planned
comparisons, both VPM and SLD means were significantly
greater than PP. The SLD mean Wasilarger than VPM, as
hypothesized, but the difference was not significant.

Conclusions. It was concluded that both VFM and SLD pro-
grams produced more iearning as measured by the SAT tests
than did PP. Since the VPM treatment was more expensive
than SLD and the Tatter produced the higher mean score,
the researchers recommended that the SLD program be im-
plemented. 4

B. Summary of Evaluative Comments: REP0Q1

1. Many users consider this problem to be the most absorbing
of the set. Virtually every trainee who has used it
mentioned that it strongly motivated outside reading
about the tests available (particularly with reference
to their reliability and validity), and the original
materials frow which the 1nfomﬁation bank entrees were
obtained. More than 75% of the trainees reported doing
a comprehensive search of the T%terature even when it
Was not assigned.

2. The absorption mentioned above sometimes caused diffi~
cuities. Several trainees reported annoyance because
their favorite tests and/or treatments were not in-
cluded.
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3. Prob]eﬁ definition was found to be particularly diffi-
cult 'in this problem, and disagreements over the
nature -- even the existence -- of "perceptual handi-
caps" were frequently quite vociferous. However,
this was considered tc be an advantage by some content-
area instructors. There was much less contention
whers the game manéger and all teams met to obtain
a consensus definition pvior to tne preparation of
final-draft proposais.

4. More than in any other problem, trainees here tended
to critize "inadequate" treatments and "invalid"
tests. Game managers suggest it is necCessary to
emphasize that the process is being studied rather
than the specific brogram elements.

5. Because of the effects of comments 3 and 4, above,
the Information Bank articies were generally con-
sidered an inadequate basis for a project. They
were considered a usetul stimulus to further reading.
It is doubtful whether a meaningful PEP project can
be done without a complete library search.

6. The results surmarized above are somewhat unusual
in that there were significant effects on the achieve-
ment variables. Althoush the model specifies mild
positive treatment effocts on achievement, these do
not generally reach significance with small samples.
Larger differences are usually evident on the per-
ceptual variables. ' '

© W

II. RFPO02: REMEDIAL ARITHMETIC (REMAR)

- The information contained hergin is the complete text of a
report by FEHR trainee 201. Since summaries are not necessarily
reqresentatiVe of the product, it seemed wise to present at least
one report in its entirety. The REMAR problem was a natural choice,
since it is the standard prob]em.
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The author of this report was a student in C655, the beginning
course in research design and data analysis at the University of
Michigan. Each member of the class was assigned two.treatments to
evaluate and asked to choose a moderator variable which he (she)
believed might alter th: effect of the treatment. The reports were
to be written in succinct outline form, and were due on the last
day of class. This particular report was not chosen because of its
high quality (it ranked in the bottom quartile out of a set of 63)
but because it was succinct and brief. Many of the better project
reports ran from 35 to 50 typewritten pages ir. length. One of the
required appendices was the budget from the original project. This
has been included for il%ustrative purposes. However, the .second
required appendix, a log of activities, was omitted because of its
excessive length.

A. TIllustrative Report

(Title)

REMEDIATION OF 7TH GRADE ARITHMETIC SKILLS
. VIA AUTOMATH AND IRA

I. INTRODUCTION -

Problem

1. This proposal is concerned with the general problem of
evaluating two remedial arithmetic programs designed
to help grade seven students master the basic compu-
tation skills.

2. Large numbers of FEHR City mathematics teachers have
-complained that a considerable number of seventh grade
students are unable to add, subtract, multiply and
divide well enough to succeed in thg regular currig-
ulum. ’

3. The mathematics teachers, as a:group, have indicated
that they believe mastery of simple cohputationa]
skills is ‘a prerequisite to success in all occu-
pational realms.
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6.

The societal expertation is that.boys will achieve
at a higher level than girls on computationa] skills.
Perhaps society views computational skills more
crucial for boys for occupational success.

Seventh grade arithmetic students in need of reme-
diation will be identified by their scores on the
Criterion Referenced Mastery Tests.

Purpose of this proposal is to compare the achievement
scores of remedial seventh grace arithmetic students
who use AUTOMATH or IRA, to those who use the Present
Practice.

Definition of Terms

Present Practice - students remain in their regular
classes.

AUTOMATH -~ students will leave their regular mathe-
matics classes for four one-half hour sessions per
week to work with a computer program wgich automatic-
ally administers a series of drill and practice exer-
cises in the basic cemputational skills.

IRA - students will leave their regular mathematics
classes for four one-half hour sessions per week to
work with a programmed iext that administers a series

of drills and practice exercises in the basic compu--

tational skills.

Criterion Referenced Mastery Tests - these tests allow
the tei’ing of specific arithmetic computational skills
and concepts in addition, subtraction, multiplication
and division. Each concept tested presupposes a mas-
tery of the concepts preceding it. A student's success
on these tests is equated with complete mastery or 100%
correct.
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Review of the Research

1.

Melson (1971) indicated non-graded instruction of mathe-
matics was an alternative to criterion based evaluations
of fifth grade students.

Ginsberg (1972) concluded that individualized prescribed
instruction may pose immense problems because of chil-
dren's varied and complex conceptions of mathematics.

VanDyke (1972) reported that short intervals of delay

- in knowledge of results with computer assisted in-
~struction had no significant effect on the learning or

test performance of subjects. However, delay of know-
ledge of results related to poorer attitudes taward
computer assisted instruction among women than in men.

Maertens (1969) analyzed-the effects of arithmetic
homework upon the arithmetic achievement of third grade
students.

(a) The results of this study indicated no significant

differences in the achievement of groups receiving
homework over those not receiving homework.

(b) Sources of experimental invalidity included;

(1) Selection (internal) - entire classrooms of
students were captive: groups.

(2) Statistical analysis was not shown and chi
square was apparently not used. An Fmax
reading would have been helpful.

(3) wighin group statistical analysis might have
been valuable to develop trends.

Summary - The evidencg_iﬁ favor of computer assisted
instruction and indiQﬁdua]]y prescribed instruction

is unclear. However, it is certain that careful con-
siderations must be given to the type of learning task
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an¢ individuals involved. In addition, delay in know-
ledge of results, occuriing perhaps from a breakdown in
machinery may result in negative attitudes toward com-
puter assisted instruction.

Conceptual Framework (rationale)

1. Because of the sequencing of steps in learning mathe-
I matics it is reasonable to believe that IRA and AUTOMATH
' wiil be conducive to remedia® pregress.

2. The design of AUTOMATH indicates student independence
from reading skills. This feature should be to the ad-
vantage of students with readinhg problems.

3. The novelty and mc*%ivational aspects of working with a
computer shculd be to the advantage of students whe have
difficulty in attending to tasks.

4, It has been the author's experience, as a classroom
teacher, that males and females in the middle grades
achieve in aritimetic-at about the same level,

5. It has been the author's experience, as a classroom
teacher in the middle grades, that students showirg
achievement in arithmetic computation alse exhibit
mastery of arithmetic concepts and vice veréa.

6. Ovarall, it appears AUTOMATH may have the effect of
boosting computational skills, personal cenfidence
from success, and attitudes towards mathematics.

Hypothesis

Giveﬁ the achievement test scores (SATGGMP & ITBSCONC),

the computationally remedial students whko have been trained
in +% ir respective treatments will show the following
relationships:

1. AUTOMATH scores will be higher than IRA or Present
Practice scores. ‘

:2. T A scores will be higher than Present Practice scores.
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3. Male and female students across treatments will score
at about the same Tevel.

IT. METHOD

Subjects

The target population of this study will be 767 seventh
grade mathematics stu-ents. The sample population will be
randomly drawn from th. idontified computationally disad-
vantaged students whe - ' .- less than 100% on the CRTDIV.
120 seventh grade arithievic students from the John Watts
School will serve as the subjects. A random numbers table
will be used to select the remedial students. There is no
reason to expect that this particular sample will be biased
.in any way. Thus, it is reasonable to assuine that any de-
finitive results can be gener:lized to the total population.

The treatments to be tested consist of three types:
AUTOMATH, IRA and Present Practice (control). These treat-
ments were described under the definition of terms section.

Instrumentation

The instruments for measuring achievement zre stand-
ardized and highly regarded measures:

1. Stanford Achieveinent Test: Arithmetic Computation -
.87 reliability.

2. lowa Test of Basic Skills: Math Concepts - .98 relia~

bility.
(a) Abbreviaticns - SATCOMP; ITBSCONC.
Dasign

The subjects will be random]y‘assigned to threé treat-
ment groups of size 40, and then the subjects will be sorted
by sex. Since the ratio of males to females is unequal, it
~wWill not be possible to obtain a perfectly equai distri-
bittion of subjects by sex wit!in treatments.

2%
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A diagrammatical explanation of the design is given
below.. The symbol O stands for a set of observations taken
at one time. X indicates the treatment. X] = AUTOMATH.

X2 = IRA. X3 = Present Practice (control). Y represents
the moderator variable. Y] = females. Y2 = males. R de-
notes random selection from the total population.

R X Y] 0] (Females in AUTOMATH)

R X Y, 0,  (Males in AUTOMATH)

R X, Yy 0,  (Females in IRA)

R X5 Y, 0, (Males in IRA)

R X5 Y] 0 (Females in Present Practice)
R X3 Y2 Og (Males in Present Practice)
Procedure

At the beginning of the experiment, the first day of
school, the CRT's will be administered to seventh grade
arithmetic students. The computationally disadvantaged
students will be drawn from the CRTDIV scores which are
less than 100% correct. During the remainder of the se-~
mester (15 weeks), the three groups of forty students will
receivz one of the three treatments. Group 1 will receive
AUTOMFTH. Group 2 will receive IRA. Group 3'will receive
Present Practice (control). At the end of fifteen weeks,

" each group will be administered the SATCOMP and ITBSCONC
(post-teztsj.

Experiuintal Rationale

The design outlined above met all the criteria for a
post test-only experiment, and the procedure outlined
assures equivalent experimental histories. We can. gen-
eralize to future seventi, grade arithmetic students in
FEHR City only if the results are unequivocal.

Analysis

For the purpose of analysis, an aralysis.of variance
of the six sub-groups foliowed by an Fmax check, F test
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ana t test will be used.

Step 1. Compute an ANOVA of SATCOMP and ITBSCONC scores
to test for differences among means after treat-
ments.

Step 2. Test homogeneity of variance (also checks addi-
tivity) using Fmax. This is done by dividing the
largest sub-group variance by the smallest sub-
group variance.

Step 3. If Fmax is larger than the tabled value for the
.05 significance level, check the .01 significance
level; otherwise use .05 level.

Step 4. If the F test for the overall ANOVA differences
among sub-gr oup means for SATCOMP and ITBSCONC is
not significant at the level set up in step 3,
analysis is discontinued. If the F is significant,
continue to'step 5.

Step 5. Find out whether the three hypothesis are supported
by the data by performing t tests of:

(1) The difference between the mearns for all sub-
jects using the AUTOMATH treatment, IRA
treatment, and Present Practice treatment.

(2) The difference in the mean for all subjects
using the AUTOMATH treatment and IRA treat-
ment. ' '

(3) The difference in the mean for all female
’ subjects and the mean for all male subjects.

(4) 1If there is a difference between the means
of males and females, then examine within
treatments.

Data Matrix

The I. D. #, sex, SATCOMP suore and ITBSCONC score for
each subject will be entered on a punch card, as illustratec
in the following diagram. The cexes are intermingled, but
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the three treatments are not. The first 40 cards will be
in the AUTOMATH group. The second 40 cards will be in the
IRA group. And the third group of 40 cards will be in the
Present Practice (control). The format to be used for
punching these cards is: (F8.0, F2.0, F3.0).

GROUP ] 1.D. SEX SATCOMP ITBSCONC
AUTOMATH i i o T
N 40 _— e - —
a - — — p——
IRA
30 —_——— ——— ——— -——
81 - ——— ——— ———
Present

Practice 120 ——- —— _——— s

IIT. RESULTS

The results are presented in order of the steps out-
lined in the ana]ysié”sgction. Within each step, infor-
mation is organized into four parts, the null hypothesis
being tested, the result of the statistical computation
involved, the statistical conclusion, and the educational
interpretation of that conclusion. The subscripts for the
null hypethesis identify the observation from which the
data comes. :

Step 1 - NULL HO: Uy = up = u3 = Uy ='u5 = Ug

RESULT: Analysis of variance of SATCOMP.
Scores N = 120

SUM OF MEAN -
SOURCE DF SQUARES SQUARE F-STAT.. - SIGNIF.
Between 5 1715.7 343.15 10.524" .000
Within 114 3717.2 32.607
Total - 119 5433.0
GROUP N MEAN . VARIANCE  STD. DEV.
S 20 12.850 16.292 4.392
z 20 13.500 17.737 4.211
3 14 22.143 56.901 7.543
4 26 21.6: " 41.€62 6.454
5 21 14.905  31.790 5.633
6 19 14.579 ~33.146 5.757
79
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STAT.
CONCL: There were significant differences among

the six sub-group means for SATCOMP
(reject nuli).

ED.

IMPL: Either the treatments or sex or an inter-
action between the two produced a sig-
nificant effect on SATCOMP.

NULL H.: =

0° M T M2 T M3 T Mg T Mg T ug
RESULT: Analysis of variance of ITBSCONC.
Scores N = 120

SUM OF MEAN
SOURCE DF SQUARES SQUARE = F-STAT. SIGNIF.
Between 5 174.54 34.908 .825 .534
Within 114 4821.4 42.293
Total 119 4996.0
GROUP N MEAN VARIANCE STD. DEV.
1 20 16.200 20.221 5.405
2 20 12.950 55.734 7.465
3 14 13.000 47 .385 6.883
4 26 13.154 44 .615 6.679
-5 21 14.905 43.900 6.632
6 19 14.684 33.117 5.754
STAT.
CONCL: No significant differences among the six
sub-group means for ITBSCONC (accept null).
ED.
IMPL: Treatments had no anparent effect on

mazhematical conceptg. .
. Z_ 2_ 2 _ _ 2 _ 2 '
Step 2 - NULL HO' O] S0y =a3 =04 =05 =og SATCOMP

RESULT: F _ 56.901 _
max = 17737 © 3.208

Critical value for df (6,20) = 3.76;
probability of Fmax'by chance > .05,

STAT.

CONCL: A significant difference exis's among the
sub-group variances for SATCOMP scores.

ED. ;

IMPL: The assumption of homogeneity of ' ariance
(treatment additivity) was not violated.
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 Step 5 -

(1)

(2)

2 2 2 b4 2 2

NULL Ho: c] = 02 = 03 = 04 = 05 = 06 ITBSCONC

RESULT: 55:73%_= 1.907

Critical value for df (6,20) = 3.76;

probability of Fmax by chance > .05,

Fmax =

STAT.
CONCL ; Np_;ignificaﬂt differences among the

sub-group variances for ITBSCONC scores.

ED.
IMPL: The assumption of homogeneity of variance

(treatment additivity) was not violatec
Ty~ “ack of statistical significance
among sub-group variances may not be
attributed to lack of homogeneity of
variance.

Fmax for both SATCOMP abd ITBSCONC within the > .05

level.

Because both initial differences and homogeneity
of varijance were supported at the .05 level this
degree of significance will be used in all follow-
ing analysis.

Assessment of the three major nypothesis using t
tests on SATCOMP scores.

NULL Mo u(3g4) = ¥(182)
RESULT: See contrast 1 on following page.

STAT.

CONCL: There is a significant difference among
treatment means.

ED.

IMPL: AUTOMATH is superior to Present Practice

(control) in boosting computational skills.

NULL Ho:  w(334) = ¥(586)
RESULT: See contrast 2 on following page.

STAT. .
CONCL : There is a significant difference among

treatment means.
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ED. .
IMPL: AUTOMATH is superior to IRA in boosting

computational skilis.

/ HH i =
(3)  NULL Egr o wiq aps) = (2 486)
RESULT: See contrast 3 below.
STAT. '
CONCL: No significant differences between sex
means.
ED. ' ‘
IMFL: Overall, males and females achieved at
about the same level.
CONTRAST
OBSERVED T-STAT. SIGNIF.
(1) 17.485 6.683 .000
(2) 14.351 5.482 .000
(3) -.126 -.039 .968
25
24
23
22
21
20
19
18
17
16
15
MEAN 13
SCORES 1
10
9
8
7
6
5
4
3
2
1
0 . : . .
AUTOMATH IRA PRESENT

PRACTICE
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IV.  DISCUSSION

1. Differences among the post-treatment SATCOMM means of
six sub-groups were significant. The differences among
the post~treatmerit ITBSCONC means of the six sub-groups
were rot significant, although homogeneity of variance
was indicated.

2. The subjects represented a random sample of thz total
computationally disadvantzged 7th grade putlation.,
This sample is applicable to future 7th grade compu-
tationally aisadvantaged students.

3. The results of this investigation can be generalized
to the -otal population of presenc 7th grade compu-
tationally disadvantaged students, as well as future
7th grade computationally disadvantaged students.

4, The ITBSCONC scores were not significant indicating a
need for future study as to how to boost mathematical
concepts along with computational skills.

V. CONCLUSIONS AND RECOMMENDATIONS

1. Among the sample population, the AUTOMATH trcatment was
more successful than IRA in boostiug computational
skills.

2. The Present Practice is not a viable method for reme-
diation of computational skills.

3. Males and females performed at about the same level,
regardless of treatment.

4, The success of AUTOMATH justifies future cost in adapting
it as a course of action to remediate computationally
disadvantaged 7th grade students.
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Summary of Evaluative Comments: RFP002

1.

Virtually all users commented on the degree to which
REMAR stimulated outside readings of test manuals and

" critiques, test theory (especially regarding criteriow

referenced tests). and research methods. Although it
did stimulate cutside reading ¢f evaluation stidies
in mathematics education, the trainee enthusiasm was
observably less than for tha PEP probiem.

Problem definition for REMAR was within the capacity

of most trainees. There was 'ittle contention generated;
most users seemed to feel the treatments and the treat-
ment effects were sensible and realistic.

Game managers and instructors considered the problem
especially well suited to training students in rational,
objective, and scientificaily detached assessment
methods. In this respect, there was a sharp distinction
between REMAR and such emotionally laden problems as
PEP, HEADSTART, and BUSING.

The availability of both normative and criterion-
referenced tests was considered one of the problem's
strengths.

RFPO03: EXTENDED SCHOOL YEAR (ESY)

The information in this summary is based on a report by FEHR
trainees 1%
pleted two semesters of research design and statistics and had been

, and 62. Since the members of this team had com-
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involved in two previous FEHR projects, their assignment was to
assess the overall effectiveness of two experimental approaches to

an extended school year relative to the costs of the current program.
Although tne original report devoted a considerable amount of space
to theory development and hypothesis testing, that section of the
study which deals with arriving at an objective decision among pro-.
grams is reproduced in some detail.

A.

ITlustrative Report

Problem. The aim of this project was to determine the
comparative effectiveness and efficiency of three programs:
Present Practice, 45-15, and Continuous Progress. The
project sought to determine which program increased achieve-
ment in language, reading, and mathematical concepts; im-
proved parental attitude toward school program; and did so
at the most reasonable cost.

Proposed Remedies. Two extended school year programs were
proposed. The 45-15 Cycling Plan retains the regular number
of school days (180) but distributes them differently: a
repeated cycle of 45 days of school followed by 15 days of
vacation. The school is divided into four groups, only
three of which are attending school at any one time. The
division is on geographical lines so that neighborhoods

and families are not disrupted. While the yearly per pupil
costs are expected to rise by 8% (9.5% the first year),

the net saving over five years should be some 6.5 million,
because of the reduction in need for new buildings. In
addition, the shorter vacation periods should improve _
learning by reducing the demands on information retention.

The Continuous Progress Plan increases the school days
to approximately 200, with students attending school in 5
to 9 week cycles with two-week vacations between cycles.
The school is divided into five geographiéa] groups'with
four groups in school at any one period. This plan adds
an extra 4.5% to the pupil per year’cost (6.5% the first

~ year), but saves 7.4 million over the first five years by
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obviating the need for new buildings. This plan is par-
ticularly interesting in core city areas because it affords
the disadvantaged child added time and attention. Both
extended school year programs may create some resistance
because of their effect on family vacation plans.

Sample. The target population of this study was the entire
set of elementary schools in Fair City. Because SES appears
to affect achievement of students, attitude of parents, and
the degree of overcrowding, the population of schools was
stratified into three levels. This stratification was per-
formed on the basis of residence descriptions indicated in
the Fair City files on the schools. Three schools were
randomly selected from each strata, and each school in a
residential strata was randomly assigned to one of the
three programs. The stratification and randomization pro-
cedures were conducted to increase the generalizability of
the results since it considered all strata in the communi ty
and allowed their investigation.

For analysis ahd comparison of the effect of the pro-

grams on achievement, attendance, and attitude of parents,
thirty studenis were randomly selected froem grades one

| through five in each school. The sample was limited to
these grades to enable comparisons'over a two year period
on all specified variables. Kindergarten children were
2xcluded because the achievement tests do not apply to this
grade; grade six students were excluded because they would
leave the school before the two year period was completed.
Therefore the total sample consisted of nine schools and
~ two hundred seventy pupils. The mean score of the sampie
of pupils in each school reb?esentg the score for each of
“the nine schools.

Variables and Instrumentation. Tests were selected to pro-
‘vide valid indices of school achievement in the most basic
skills required of elementary school children. An exami-
nation of content, reliability measures and relative expense
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resulted in the choice of the Stanford Achievement Test.
One set of dependent variables consisted of achievement

as measured by three Stanford Achievement Test subtests

on word meaning, -paragraph meaning and arithmetic concepts.
Other dependent variables included: parenta]iattitude
toward program, per pupil cost and attendance. The inde-
pendent variables were programs (PP, 45-15, CP), and resi-
dential strata or school composition (predominantly lower
class, predominantly blue collar, predominantly middle
class). In addition, family SES was used as a covariate
to test its effects on achievement variables and remove
its effects from the school and residential composition
strata factors.

Design. A 3 x 3 x 3 factorial design with repeated measures
on the third factor was the data collection guide. Factor 1
was program.. It had three levels. Level A was the tra-
ditional or Present Practice (PP). Leve]s‘B and C were
experimental treatments with B the 45-15 plan and C the
Continuous Progress (CP) plan. Factor 2 was residential
strata or school factor. Three schools were selected for
each program and each represented one of three residential
levels. The three schools constituting level A were of
predominantly lower class black residential composition;
students attending level B schools were from predominantly
blue collar residential white, black, or racially mixed
areas; students in level C schools were predominant]y
children of m1dd1e class home owners and upper class apart-
ment residents.” Factor 3 was time at which variables were
measured. There were three levels. Level A wasw%he initial
start of the school year (time 00), Tevel B was the spring
of the first year (time 01), and 1eve1 C was the spring of
the second year (time 02).

At each time interval, the Stanford Achievement Tests
on paragraph meaning, word meaning and mathematical concepts
were administered to pupils. Also, at each time interval,
parental attitude to the program their child participated in
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was surveyed ard cost per pupil ascertained. At times 01

and 02 pupil attendance was determined. During the initial
test administration at time 00, information regarding stu-
dent's race and socioeconomic status (SES) was sought.

Decision Rule. Prior to the commencement of the project,
the team arbitrarily assigned relative importance weights

to each of the dependent variables. The major emphasis was
put on acnievement with a total weight of eight. This was
evenly distributed to reading (two tests at 2 each) and
mathematics (one test at 4). Per pupil cost, which was
considered about half as important as achievement, was given
an important weight of 4. Parental attitude and pupil
attendance were each given a unit importance weight.

Method. A series of specific hypotheses rélated to the
theoretical advantages of each treatment were developed and
tested via analysis of covariance. These are omitted from
this summary. The procedure for arriving at a decision is
described in the results section.

Results. Mean gain scores for each of the treatments were
computed for each achievement score. For the other variables,
time two means were used directly. The following table
represents the results of that procedure.

TABLE 3.1. MEAN SCORES FOR USE IN WEIGHTING PROCEDURE

|

Achievement Gain Scores Other Variable Averages
Program Word Paragraph Math Parent Pupil Per Pupil
Meaning Meaning Concepts Attitude Attendance Cost
PP 5.9 10.6 1.8 2 3.4 2.7
45-15 8.0 15.5 5.8 4.4 4.7 2.7
cp

4.9 9.0 -.3 3.8 3.6 2.0

The above raw means were reduced proportionally to a
score ranging from O to 1 by dividihg by the largest number
in the column. These transformed means were then multiplied
by their assigned weights and a raﬁking determined by finding
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the total score for each program. The results are shown in
the following table.

_ Program
Achievement Gain Scores Other Variable Averages Total
Program Word Paragraph Math Parent Pupil Per Pupil
Meaning Meaning Concepts Attitude Attendance Cost
(2) (2) (4) (1) (1) (4)
PP 1.48 1.356 1.38 .45 72 1.20 7.59
45-15 2.00 2.00 4.00 1.00 1.00 1.20 11.20
cp 1.22 1.16 0 .86 J7 4.00 8.01

Conclusions and Recommendation. On the basis of this approxi-
mated tranformation, the project team recommends the imple-
mentation of the 45-15 cycling plan which has a composite
effectiveness score greater than either Present Practice or
the Continuous Progress Program. This recommendation was
further supported by the fact that on all dependent variables
except cost per pupil, the 45-15 cycling plan was superior

to the Continuous Progress Experimental Plan as well as the
Present Practice plan.

B. Summary of Evaluative Comments: RFP003

1. The Extended School Year (ESY) problem shared most of
the strengths .listed for REMAR. It stimulated trainees
“to individual study of test manuals and critiques, |
general research methodology, and the literature in
general. It did not offer the experience with both
normative and criterion-referenced tests.

2. Although the definition of a success criterion was as
difficult for ESY as for PEP, it seemed much easier for
trainees to make rational and detached judgments here.

3. The problem was especially popular among school ad-
ministrators who saw it as directly related to the type
of decisions they made in their jobs.
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4. Both instructors and trainees found the per pupil cost
Tactor both interesting and valuable. However, there
was some criticism of its representation as a test
"score" for each research subject in a study rather
than a school or classroom score.

[Note: A1l individuals within a unit receive identical
"per pupil cost" scores -- there is no other way to
generate unit or subunit scores in our model.]

[82]

Some administrators who used ESY felt that the clear
advantage to the 45-15 plan yielded by our model was
contrary to some research evidence. [The FEHR staff
discounted this comment, however, since it is possible

to define success so that the CP plan comes out superior.]

IV. RFPO04: HEADSTART (HST)

The information contained in this summary is based on a report
by FEHR trainees 1, 13, and 65. Their general assignment was to
evaluate the effectiveness of Fair City Headstart project in over-
coming deficits in school performance common to culturally deprived
children. The three members of this team had completed a first
course in research design and statistics prior to beginning the
project, and were concurrently enrolled in the second course.
Because the original project was concerned with the relative effec-
tiveness of seven different treatment-teacher combinations as mea-
sured by thirteen different dependent variables, the following
summary deals with only the broad pattern of findings with respect
to the three main compensatory programs,

A. Illustrative Report

Problem. The purpose of this study was to determine the

~ immediate effects of the various local Headstart programs
(funded under the 2egis of the national project of the
same name) on measured intelligence, reading readiness
and personality, and to assess the effects of these ex-
periences on reading and mathematibs achievement in grade
one. The effects of the three compensatory curriculums --
Piagetian, language based, and uniﬁ‘based.-- were to be
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evaluated relative to the effects of the present practice
(i.e., staying home). Since the national project was es-
pecially targeted on minority groups, the differential
effectiveness of the programs (if any) by race and sex
was of interest.

Hypotheses. In lieu of a dearth of evidence regarding the
relative efficacy of the methods, this was viewed as an
exploratory study. Comparisons among treatments were
planned a priori, but all other contrasts were considered
post hoc. '

Method. The target population consisted of all Fair City
chiidren who were three years oid at the initiation of the
study, and who fit the following definition of cultural
deprivation (CD): (1) Stanford Binet IQ < 90 (first quartile);
(2) Deutch SES < 2 (low SES); and with no physical or per-
ceptual disabilities (i.e., scores greater than 1 on the
health, vision and hearing variables). Eight of Fair City's
elementary schools were selected randomly, and their entire
popu]étions were surveyed on SB IQ, SES, race, sex, health,
vision, and hearing variables. A1l students who fit the
CD definition above were identified., These students were
then partitioned by race and sex. From each race-sex com-
bination twenty-eight subjects were randomly selected and
assigned to cells in the design matrix. A1l suybjects were
followed to the end of grade one (that is over three years).
The California Test of Mental Maturity (CTMM) and
Deutch index of socio-economic status were used for the
initial survey to determine school composition. The
Stanford-Binet Intelligence Test (SB), Deutch, and locally
administered health, vision, and hearing tests were used
to determine CD. The Stanford-Binet (SB), six subtests of .
the California Test of Personality (CTP), six subtests of
the Metropolitan Readiness Test (MRT), and four subtests
of the Metropolitan Achievement Test (MAT) were used as
dependent variable measures on IQ, personality, readiness,
and achievement respectively. The IQ was measured at the
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end of each year, personality at the end of years two and
three, readiness at the end of year two, and achievement
at the end of year three.

A four-way factorial design with repeated measures
and subjects nested in the factors was used. Factor 1 was
program (G) with levels as follows (each group consists of
two teachers):

G1 = Piagetian curriculum (4 teachers)

G2 = Language curriculum (4 teachers)

G3 = Unit-Based curriculum (4 teachers)
G4 = Present Practices (remained at home)

Factor 2 is race with twoAlevels, and factor 3 is sex with
two levels. The fourth factor was time. For purposes of
analysis, three times were used: .T1 = initiation of Head-
start treatments, T2 = end of Headstart/beginning of first
grade, and T3 = the end of the first grade.

Results. There was an initial disparity in IQ with whites
scoring significantly higher than blacks in all groups at
time one. At time two and time three there was no signif-
icant difference between races within any of the treatments.
At times two and three females scored significantly higher
than males. At time two group one (Piagetian) scored
higher than present practice; however, there was no signif-
jcant difference at time three.

CTP: No significant differences were observed on
treatment-related factors.

MRT: At time tWO; females scored significantly higher
than males on number readiness. On sentence readiness,
whites scored significantly higher than blacks. For
males, all three experimental programs produced higher
scores than present practice, but only the Piagetian '
and unit-based scores were significantly higher. This
trend was more marked for black males than for white
males, but the racial difference was not significant.
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There was no significant <yarali difference by race,
but whites were significantiy higier than blacks in
present practice.

MAT: The MAT was given at timc Zhree only. Females
scored sigrificantly higher than males on word knowl-~
edge, word discrimination, and math. Whites scored
significantly higher than blacks on reading and math.
For math, there was a treatment by sex interaction.
The present practice and Piagetian groups were equally
effective for girls, both being significantly better
than the other two. For boys, the Piagetian and unit-
based groups were both significantly better than the
language and preserit practice groups.

Conclusions. The initial disparity in IQ by race appears
eliminated by time two. However, since the racial differ-
ences in IQ were reduced even in present practice, there
was no reason to attribute this elimination to Headstart
intervention,

The significance of the IQ differences between males
and females at the end of two and three years was probably
attriputable to the recognized earlier maturation of females,
and not to any intervention,

There was no support for the notion that these inter-
vention programs were especially beneficial for black mi-
norities. In fact, the racial differences appear to have
been washed out by SES and sex. The findings for the
readiness tests appeared to favor the use of Piagetian and
unit-based males, but not for females. However, any ad-
vantage that may accrue here did not carry over, to achieve-
ment in grade one. "

Although the findings do fiot establish the cost ef-
fectiveness of these intervention programs, the evaluation
team recommended that the Fair City Board continue the

Piagetian and unit-based programs again next year, but
that the language program be dropped.
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B. Summary of Evaluative Comments: RFP004

1. Like PEP, the HST program generated a great deai of
emotional commitment. Similar criticisms of the
limited nature of the treatments and the inability of
trainees to define their own tests were recaived.
Again, a consensus definition of the problem and a
clear focus on the process was used to alleviate the
contention where it was undesirable -- however, many
early childhood instructors believed that the trainee's
disagreements about the meanings of various variable
scores and methods of combining them were the HST
problems most valuable characteristic.

2. There were some comments about the "built-in" racism
of the problem -~ particularly from black students --
but these objections disappeared when it was discovered
that racial differences in the FEHR data tended to
disappear when the effects of sex and socio-economic
status were held constant. (See the results of the
illustrative study, above.)

3. Many of the trainee projects in HST yield no signif-
icant differences. Some game managers/instructors
felt this was discouraging. (Note: Imstructors who
desire to produce large and significant treatment
differences may do so with the new multiplier option
described in the last chapter.)
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V  RFPO05: READING ASSESSMENT PROBLEM (READ)

As mentioned previously, the initial problem package for READ
turned out to have a serious bug in the criterion referenced variables.
Consequently, the entire package was reprogrammed. The information con-
tained in this summary is based on a report from a group of senior stu-
dents in the research training program who were asked to complete a pro-
ject on the READ problem in order to validate the revised version.

Since one of the three team members had a considerable amout of experi-
ence in reading assessment, this team was specifically chosen to evalu-
ate the "believeability" of the data.

The summary below is an abridged version of the actual study report.

A. Illustrative Report.

Problem

The specific problem to be attacked by this project was
to determine whether the differences among the three treat-
ments available in the READ problem -~ (1) present practice
(pp )» (2) Tinguistic reading method (LRM), and (3) total
language arts appéoach (TLA) ---were consistent with the rela-
tionships built intc the problem package. These are outlined
under the conceptual framework heading.

Review of the Literature
- No review of the literature was assigned for this study.

The basic assumption:s underlying the theoretical struc-
ture of the READ problem is based on the assumption that some
students have learning styles best suited to specific phonomic
practice (the LSM program), and others have styles best suited
to an integrated holistic approach (TLA). Since}the present
practice (pp ) is eclectic it contains elements of both ap-
proaches.  Thus one would expect pp to produce greater overall
Tearning than either of the other programs. Overall learning
in this context is defined as the percentage of students at cri-
terion averaged agver all competencies. Assuming that the stu-
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dents are approximately equally distributed between learning
styles, one would expect no differences between the LSM and
TLA treatments in overall effect. However, one would expect
differences in the patterns of competencies, with each program
producing best results in the competency items most directly
related to the training technique concerned. Thus, LSM would
be expected to produce a larger proportion of students at cri-

terion on competencies concerned with phonemic skills, and the
-meanings of individual words. TLA should produce more students

at criterion on competencies concerned with comprehension of
sentences and paragraphs.

Subjects .

The sample to be used in this study consists of three in-
tact classrooms drawn from different schools systematically so
as to represent the entire range of socio-economic status in
Fair City. '

Instruments

Twenty eight variables were selected from the 172 vari-
ables available in this problem. These consist of seven stan-
dardized tests and twenty one criterion referenced tests which
are representative of the total set df competencies to be de-
veloped by the reading program. The standardized tests con-
sist of both the grade 1 and 3 forms of the SAT study,-SAT word,
and SAT paragraph, plus the Gates Advanced Primary Test of para-
graph meaning, which has only a grade 3 form. The study and |
paragraph tests ought to favor TLA.

Six of the criterion tests are concerned with phonemics
and other linguistic skills: which should favor LSM tests 79,
81, 82, 94, 101, and 105. Seven of the tests are concerned with
intergration and inference skills which should favor TLA: tests
120, 122, 129, 130, 131, 134, and.135. The remaining eight cri-
terion tests (60, 61, 63, 92, 110, 116, 127, and 128) are con-

. cerned with general skills which should not favor either LSM or

TLA. The specific competencies assessed by each of these-tests

~are identified in the RFP package.,
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Design
Because of the problem validation purpose of this project,

the research team took advantage of the FEHR data tenerators
capacity to use the same ninety subjects in each of the three
treatments, setting them "back to zero" at the beginning of

- each new treatment. This was done to ensure that the true

treatment differences could be isolated. However, the ana]ytic
procedures will not take statistical advantage of the high cor-
relation between subjects.

Analysis _
Each of the standardized tests will be subjected to a one-

way ANOVA with two subsequent planned comparisons: PP vs

(LSM & TLA), and LSM vs TLA. Follwoing these ANOVAS, a single
test of the probability of obtaining the observed pattern of
t-test results for each comparison will be computed.

The criterion-referenced scores will be combined into
three composite variables: (1) linguistic skills, and (3)
overall skills. The observational unit in this case is the
proportion of skills mastered: these will be analyzed in the
same way as the standardized scores, .above.

Results

It is important to note that the significance tests re-
ported in this section were computed from an analysis-of vari-
ance for random independent groups rather than using a repeated
measures error. This was:.done to keep the statistical power
comparable to that available in a conventional experiment.

The results of the planned orthogonal compa;isons for the
standardized tests appear in tabel 1. It was observed that the
direction of the differences favored PP over LSM & TLA for all
variables. The probability of obtaining this particu]ar'pattern

of t-tests by chance was less than .001. Although four of the

LSM vs TLA comparisons yielded differences favoring TLA and only

one favored LSM, none of the t-tests for individual comparisons

was significant, and the overall pattern was not significant.
The mean percentages at criterion on the linguistic skill
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composite variable for treatments PP, LSM and TLA were 79, 71,
and 72 respectively. The corresponding percentages at the end
of grade three were 98, 97, and 98. A conservative estimate of
the standard error of the difference in percentages for these
data can be computed from the variance of class means within
treatmert<. Thic yields values ranging from 3.5 to 4.6 for

the 1+ of the difference. Thus differences less

th . be_.sidered NOT significant, the . =qual tg_or
greate, ciian 9 definately significant and those oetweéﬁi7 and

9 as marginally significant.

Using these criteria PP was marginally better than LSM
and TLA at the grade one level, with no significant difference
between LSM and TLA. But by the end of grade three all differ-
ences had disappeared: the three treatments all had produced
97 - 98% criterion attainment. : ' ' ’

The percentage at criterion for the integration skill com-
posite variable for PP, LSM, and TLA respectively were 47, 39,
and 37 at the end of grade one and 94, 85, and 87 at the end of
grade three. The advantage of PP over the experimental combina-
tion (LSM & TLA) was significant at the end.of grade one and
still marginally significant at the end of grade three. Again
there was no significant difference between LSM and TLA in
either grade. ‘ -

A similar pattern of results emerged for the composite
overall skills. In order of treatments PP, LSM and' TLA the re-

sulting percentages were 61, 58, and 52 at the end of grade one
~and 94, 89 and 88 at the end of grade three. This was inter-
preted'as a marginally significant difference favoring PP over '
LSM and TLA at grade one and no significant‘differences at the
grade three level. These resu]ts:are summarized in figure 1.

Conclusions

The pattern of results support the hypothesized superiority
of the PP treatment overall. However, the differential Qattérns'
of effectiveness for LSM and TLA failed to materialize.
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B. Summary Of Evaluative Comments: RFP0O05

1.

*7.

*8.

This is the second version of READ to be tested. The
first version was considered unacceptable because the
pattern of scores it yielded were unbelievable. This

completely reprogrammed version has only been used by one
team.

The recent rational emphasis on the "right to read" pro-
grams and ..c . rent movement to state assessment of
reading hac ~veated a strong interest in the READ problem.

Students 1ike the problem's emphasis on criterion-refer-
enced scores.

As with PEP ahd HST, there was some frustration expressed
with their (trainees) inability to administer tests other

. than those made available -- many wished to administer

tests of their own. However, this did not occur in the
second session, where the process orientation was empha-
sized. '

Trainees experienced great difficulty in establishing cri-
teria of success which permitted them to compare treat-
ments.

The hierarchical structure (i.e., the order in which vari-

~ous skills were learned) was not criticised. This was con-

sidered very encouraging, since it was lack of this hier-
archy which had caused the first version of the problem to
be unacceptable.

_The overall success ratio appears to be too high to be

realistic. It was suggested that these be revised down-~
wards. |

There ought to be a clear and unambiguous shift in the pat-
tern of success on criterion-referenced variables between
the LSM and TLA programs. The program needs revision to
accomplish this.

* The problém package is currently being revised to implement these sug-

gestions.
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TABLE 1. MEANS AND ORTHOGONAL CONTRASTS

TEST: S.A.T. STUDY S.A.T. WORD S.A.T. PARA GATES

GRADE: ONE THREE ONE THREE ONE THREE  THREE
PP Means 36.47 55.50 19.93 30.80°  18.60  52.80 25.57
LSM Means 34.50 49.13 19.03  28.20 16.63  47.47 23.37

TLA Means 34.50 50.00 18.70 28.20 - 17.27 47.80 23.97

~ ANOVA SUMMARY _
MS between groups 116.43  1073.76 36.48 202.80 90.89 655.32 116.40

MS within groin- 82.93 158.93 44 .65 41.65 40.23 102.07 17.84
F(2,270) 1.40 6.76 0.82 4.87 2.26 6.42 6.52
S CONTRAST . RAG _ e
PP vs. (LSk . .\, 1.70 3.71 1.26 3.17 2.05  3.64  3.54
TLA vs. LSM 0.00 .47 -0.34 0.00 0.60  0.22 0.97
100 100% Achievement of A1l Competencies
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VI. RFP0O06:- VALIDATION OF A NEW TEACHER QUESTIONNAIRE (TQUES)

The information contained in this summary is based on a report
completed by FEHR trainees 212, 241, and 246. The problem with
which they were concerned was set in the School of Education of
Utopia University in Fair City, U. S. A. The school has for many
years routinely administered a questionnaire entitled "Student
Course Evaluation" at the conclusion of each semester. However,

a number of faculty have complained, over the years, that the -
instrument provided Tittle information to help them plan needed
changes in their course.  Recently, a student-faculty committee
n- developed a new questionnaire which they claimed would provide
measures of the dimensions of classroom performance over which an
instructor has control. This evaluation team consisted of three
students ‘in a second semester research course. They were assigned
the task of validating gﬂé_of the dimensions defined in the' RFP
document. The final report for their project is summarized below.

A. Illustrative Report

Problem. The researchers wished to determine whether the
feedback of summarized scores on the personal factor of
the new questionnaire -“.wvided instructors with infor-
mation which was not ¢ .ined in the summarized scoves
from the old questionne =. The personal factor, as .de-
fimed by the RFP, consiist2zd of students' ratings ofs: -the
adequacy of the individe melp provided by the insizmector,
the degree of instructor concern for the progresé o ‘in-
dividual students, the amount of effort he or she (i&e
student) had put forth in the course, and the work Toad
of the course relative to other courses.

Hymotheses. ~The researchers hypothesized that feedback
showld have a generally positive effect on ratings cf the
"imdividual help" and ™concern for student" items. How-
ever, this effect should be much greater when there was

- a high need for help and a low availability than when
there was a low need and a high availability.
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Method. The subjects for the evaluation were eight intact
classes (189 subjects). Four of the classes were rela-
tively small laboratory-type classes, and four were large
lecture-type classes., It was assumed that the instructors
for laboratory classes were more available for individual
help than were instructors for the.lecture classes. Two
classes of each type were assigned to an experimental con-
dition in which instructors at the beginning of the current
_semester were given feedback on the personal factors items
of the new questionnaire as well as the usual. information
from the old questionnaire. The remaining classes (two

of each type) were assigned to a control condition which
received only old questionnaire information.

A1l eight groups were administered both questionnaires
at the end of the semester. Subsequently, all students
were classified as "low need" or ﬂhigh need" depending on
their average score on the effort and difficulty items on
the nmew questionnaire: Anyone with an average of 3.5 or
higher was considered high need, those with averages below
3.5 were low need.

Results. The dependent variable of interest was ihe aver-

age. of the "individual help" and "concern for student"
items. These average scores were analyzed in a three-way

 factorial analysis of variance (treatment x availability

x need). The results of this analysis were:

1. Ratings in the experimental groups were signif-
icantly higher than those of the controls..

2. The high aveilability groUp had significantly
Tower ratings than those jn the low availability
group. -

3. There was a significant treatment by availability
interaction. The experimental vs. control gain
was larger for the high ayvailability subjects
(labs) than for the low availability classes’
(lectures). ‘

100



4. There was a significant treatment by need inter-
~action. The experimental vs. control gain was
______greater for low need than for high need classes.

5. There was a significant three-way interaction.
In the control condition, the low need groups
gave lower ratings in both high and low avail-
ability settings. In the experimental condition,
Tow need groups gave somewhat lower ratings than
high need in the Tow availability settings, but
gave considerably higher ratings in the high
availability setting. ‘

Conflusions. It was concluded that since feedback of the
pefsonal factors information from the new questionnaire
did produce a difference in perceived behavior, the new
questionnaire items must yield information not contained

in the old questionnaire. However, the failure to dis-
cawer a need x availability interaction raised the question
of whether the lecture/laboratory distinction was actually
an availability variable. Further research to clarify this
point was suggésted.

Summary of Evaluative Comments: RFP006

1. The TQUES problem was :considerably more didactic than
the first four in that a criterion of success was
spelled out by the theory supplied in ‘the problem.
Consequently, there was very little .outside reading
stimulated by this problem. '

2. Many trainees felt that the theory upon behind the
~questionnaire to be evaluated was somewhat weak.

3. Most trainees felt that the absence of the capacity
to question respondents about their interpretation of
(questionnaire) items was a real weakness.

4, Nevertheless, virtually all trainees reported that
TQUES gave them valuable insights into the diffi-
culties of questionnaire validation.
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VII.  RFPOO7: REMEDIAL MATH FOR ADULTS (RMA)

The information in this summary is based on a report by FEHR

trainees 40 and 68. Their assignment was to make an assessment of
the effectiveness of the free "remedial math for adults" program
offered by the Fair City Community College. The course consists of
a series of programmed lessons which each student works at his own
rate. There are no formal classes, but each student is assigned
to an instructor who provides immediate feedback on. the adequacy
of each Tesson and one-to-one tutorial help during interviews sched-
uled at the student's request. Only the one treatment (RMA) is
available in the problem -- no control group caii v specifiad.
This evaluation team consisted of two members of a beginning re-
search class. At the time of the study, they had covered no sta-
tistics beyond t tests and a simple one-way analysis of variance.
Their report is summarized below,

A. Illustrative Report

Problem. The researchers were interested in whether the
RMA program produced significant growth in mathematics
achiexement as measured by the computation and concepts
subtests of the Stanford Achievement Tests for mathematics
(grades 7-9), and whether there was a concurrent reduction
in the perceived difficu]ty of mathematics problems.

Hypothesis. It was hypothesized that all the denendent
variables should be pos1t1ve1y aifected by the treatments,
but that concepts -- which were directly targeted by the
program--- ought to be more affected than computation,
which was only incidentally taught. Attitude was expected
to improve significantly. | Lo

Method. A sample of 120 subjects were randomly dréwn from
the 216 who qualified for the course. Each of these sub-
Jects was pretested on the SAT comﬁutation and SAT math
concepts ‘tests for grades 7 to 9, énd asked to indicate
the difficulty of mathematics prob]ems for them on a one
to five scaie. When they had completed all the lessons,
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each subject was post-tested on the same three measures.
T tests for matched samples were run on each variable to
assess the significance of the obtained difference in
means. Subsequently the mean gain scores for the two SAT
tests were.converted to normal deviates by dividing the
obtained difference by the published standard deviation
for the norm group on that test. The difference between
the two normal deviate gains was then entered into ~ t
test for independent samp?~

Results. The obtained results appear in the table below.
It was observed that there was a significant gain in con-
cepts and in attitude,; but not in computation. Also, the
gzin in concepts was found to be significantly greater
Zhan the gain in computation.

Means Paired | Norm Dev.} Imdep.
Test Pre |Post | Gainf t-test | Gain: t-test

Computation 113.80 14f32\ 591 1.51 .0667 8.69**
Concepts 16.92 | 26,681 9.76| 13.11**| 1.1888
Attitude 2.08| 2.64| .56| 6.43 :

|

** p < 01 *p < .05

Conclusion., While it was recognized that the fact that the
same group was used to obtain the computation and concept
scores, it was argued that the use of an independent t test
was actually a conservative test. Since concepts gained
significantly more than computation -- which should have
been subject to 1dent1ca] hiStory effects -- it was con=-
cluded that the RMA program produced significant growth

in mathematical concepts. Although no control comparison
was possible, it was concluded that there was probably

some significant reduction in the perceived difficulty of
mathematics. (Note. The attitude scale ran from 1 =
difficult to 4 = fairly easy.) '
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B. Summary of Evaluative Comments: RFP00O7

1. The RMA (remedial mathematics for adults) problem is .
A perhaps the most restrictive of the eight problems.

Since there is only one treatment, no control group is
possible. Nevertheless, m:st users felt tha* ' *is was
valuab’2 because of the p.-2valence >~ real-lii. sit-
uaticns of a similar nature. Experience with this
problem, many felt, emphasized the inadequacies of
one-shot single=group studies.

2, Several trainees  expressed "amazement" that variables
which theoretic=lly ought nought to be affected by
the treatment r=ally remained constant -- they had
not believed the simulation to be that thorough.
(Note. In some cases, as our illustration shows,
such variables as these were used as "controls".)

3. Several students in higher education programs felt
that this problem was the closest approximation to
their real life.situations.

VIII. RFP008: BUSING TO ACHIEVE INTEGRATION (BUS)

- The information contained in this summary is based on a report
completed by FEHR trainees 22, 50, and 57. Their general assign-
ment was to evaluate the effects of the busing program which the
Fair City School Board has recently voluntarily implemented in an
attempt to overcome de facto school :segregation attributable to
the existing housing pattern. Since the reéearchers were not called
in until just after school opened with the new busing system, there
was no opportunity to obtain pre-measures or to organize a controlled
experiment. With the exception of the meagre information available
from the files, the researchers must rely on measures taken after
the project was begun. Funds were available for a three year lon-
gitudinal study of two grade levels: the present grades one and
four, ' '

The research team consists of Zhree members of a special class
in program evalwation. A1l class members have had at least two
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courses in research design and data analysis prior to completing
this project. The illustrat ve summary which follows is a simpli-
f ‘Act from their com  h“ensive f nal aport.

" " istrative Repor:

Problem. After an extensive review of the findings of the
Coleman report supplemented by a variety of additional re-
search, the team decided to focus on the effect of the
busing program on the relative performance of black and
white students on academic performance in reading and
mathematics and oh their attitude towards school.

ngotheses.‘ On the basis of the Coleman findings, the.
researchers hypothesized that:

1. When academic performance was measured in standard
scores based on the appropriate national norms .
for the Gates reading comprehension and SAT arith-
metic concepts tests, black students would improve
their relative position over the three year eval-
uation term but white students would maintain
about the same relative position,

2. Attitude towards school, expressed as ascending
scores on a dislike to 1ike continuum would in-
crease significantly for black students and ex-
hibit no change for white students.

3. The above relations would hold at both the grade 1
and grade 4 levels. '

Method. A stratified random sample of 800 subjects was
selacted with approximately equal representation of each
mace at both grade levels. To maximize the possible effect
of busing, students were chosen only from attendance zones
A and C which were maximally affected by the busing decision.

The SAT and Gates tests, and an.attitude questionnaire
were administered @t the beginning'Of"the.prqject and again-
at the end of the three year evaluation period. Scores on
the two standardized tests were in each case transformed




to Z scores using the national norms appropriate for their
grade. T tests for correlated samples were then conducted
to test the null form of the above hypotheses. [Note. The
research team had been informed by the game manager that
there would be no attrition during their experiment as this
part of the FEHR program had been switched off for this
session. ] '

Results,

1. At the grade one level, the mean Z scores for black
subjects were significantly higher at the end of the
evaluation on both the Gates and SAT tests.

2. At the grade four level, the mean Z scores for black
subjects were significantly higher for the Gates test
but not for the SAT (although nven this difference
was in the hypothesized direction).

3. There were no significant shifts in mean Z scores for
whites at either grade level.

4, Both‘races showed increasingly positive mean attitude
scores over time at both grade levels, but none of
these differences reached significance at the .05 Tevel.

Conclusion. The results were considered supportive of the

hypotheses in all cases. It was concluded that the busing
project was a success in terms of the selected criteria.

Summary of Evaluative Comments: RFP008

1. Many trainees expressed interest in the substantive
ideas behind the Fair City Busing plan. Such comments
~as "This is the best plan I've seen." and "I like this
plan." were common.

2. One game manager/instructor expressed surprise at the
“consistent pattern of favorable results" and wondered
whether it was realistic, '

3. Two.instructors questionned the desirability of con-
™ straining the problem to post hoc studies. Is it good -
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research training to require trainees to do such studies. -

However, most others felt that many real-life factors

resulted in similar constraints, and that trainees
_ought to have experience working within such constraints,

4. These findings agree with the most hopeful of real-1life
studies. Is this good training for would-be researchers?

5. In view of the recent court decisions againsf busing,
some reduction of interest in the probiem has been .
experienced. '

INTERNAL VALIDITY OF FEHR-PRACTICUM MODEL

It is the position of the authors that the only evidence for the
validity of any simulated problem which is necessary is a demon-
stration that it, in fact, stimulates in its users the type of be-
havior which it was designed to produce. The projects summarized
in this chapter provide concrete evidence that each of the eight
FEHR problems is capable of motiVating'%rainees to the kinds of
problem solving behavior typical of the research/evaluation task.

We conclude that in this sense all eight problems are valid simu-
lations.

The successful simulation of eight different problems demon-
strates the internal validity of the underlying FEHR-PRACTICUM model.
In each case the generated data was considered believable and real-
istic, and participants frequently reported feeling. a sense of
urgency and an emotional involvement similar to that experienced
in the real-life situation. We conclude that the model is suffi- -
ciently flexible and.adaptable to simulate a wide variety of dif-
ferent problems. The more important question of the pedagogica]ié
effectiveness of the FEHR experience is attacked in the next chapter.
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CHAPTER 4
SUMMATIVE EVALUATION

The summative evaluation presented here varies in only a few
minor details from the plan presented on pages 5 to 11 of the quar-
terly progress report, dated October 20, 1972. Most of the de-

.partures from the plan are attributable to the decision (in late
October 1972) to drop the restricted, structured, unstructured
piroblem designations in favor of a design which permitted instruc-
tors to define their own structures and/or restrictions. There
were now a potentially infinite number of problem "levels" --
essentially a continuum of complexity/difficulty. The evaluation
plan had to be expanded to accommodate this increased range. This
expansion was possible because of the decision to discontinue de-
velopment and evaluation of the performance;contracting problems
nine and ten. The rationale and philosophical justification for
these decisions was provided in a previous section: they are
mentioned here merely to help delimit the task.

Purpose

" The purpose of the summative evaluation was to assess the de-
gree to which FEHR-PRACTICUM achieved its general educational ob-
jectives. The system was developed with eight major objectives
in mind. Broadly stated, these objectives were:

General Achievement Objectives

Objective 1. To improve achievement in the content area tradition-
ally associated with research/evaluation training: measurement,
experimental design, statistics, data analysis by canned computer
programs, and the like. :

Objective 2. To develop the ability to write proposals and final:
reports which are explicit, operational, well organized, and suf-
ficiently comprehensive to permit replication.

Objective 3. To encourage effective field studieé;iviz.. those
which feature:

(a) designs which contain a control group and which permit
valid contrasts on each of the critical study dimensions.

108
122




(b) multiple dependent variables. (It is assumed that in
most practical situations the use of a single dependent
variable is a gross oversimplification leading to costly
errors of omissions.)

(c) an attempt to assess the cost effectiveness of both the
programs being evaluated and the evaluation procedure

per se.
General Attitude Objectives

Objective 4. To increase interest in research and research methods
generally.

Objective 5. To increase_the perceived relevance of both the
methods and practice of research and evaluation.

Objective 6. To foster a positive attitude towards the computer.
Objective 7. To foster a positive attitude towards teamwork.

Summary Objective

Objective 8. To provide instructors with an adaptable research
evaluation practicum which can facilitate a wide variety of in-
structional purposes.

Critical Comparisons

The design of the summative evaluation was dictated by the
critical comparisons implicit in the objectives. Within each ob-
jective, the following four comparisons were considered critical:

Contrast 1. The first, and most important, critical comparison is
the usual experimental versus control condition. Ideally, the
control for an "independent FEHR course" would be a course in pro-
gram evaluation methodology which did not use the practicum course.
However, no such course is presently offered at any of the avail-
‘able sites. Only the traditional courses in research design, sta-
tistics, and measurement were available. (It is apparently assumed
that the transfer to classroom-based field studies and quasi-experi-
mental design will occur automatically -- an assumption which we
question.)  For these reasons no direct control was possible for
the "workshop" condition.
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Two types of controls were available for the "integrated FEHR
course”, The author was scheduled to teach two sections of a re-
search design and data analysis course sequence during the eval-
uation interval. It was feasible to develop an experimental "inte-
grated FEHR" condition for one section and use the other section as
a control. Two other statistical courses were available as outside
controls.

In addition to the above contrcls for the integrated research
training class, it was desirable to'have a set of subjects with no
training or experience in research/evaluation to provide a compara-
tive base for the attitudenal dimensions. Students from a core
course in educational philosophy were availabie. Since all grad-
uate students were required to take the course, the class was
deemed an adequate control for this purpose.

Contrast 2. The second critical contrast concerns the relationship
between effectiveness and amount of experience with FEHR. Experi-
ence in this context is increased by increasing either the complex-
ity level at which a problem is attacked or the number ef problems
“solved", or both. This is really just an extension of contrast
one, since the control condition may be defined as zero experience
with FEHR.

Contrast 3. The third critical contrast concerns the problem con-
tent: What happens to the effectiveness of the game as we move
from problem to problem? Are all problems equally effective?

Contrast 4. The fourth contrast is concerned with the inter-
re]ationshib between FEHR-PRACTICUM and existing research eval-
uation courses. FEHR-PRACTICUM was conceived as a vehicle for
upgrading the program evaluation skills rather than a self-con-
tained training package. Consequently, it is critical to provide
a comparison-of the effects of integrating the package into a for-
mal pre-structured course (or program) versus using the PRACTICUM
experience as the "syllabus" and providing whatever consultation

‘(teaching) is necessary for the player to “"solve" the problem.

For convenience, we shall refer to the latter usage as a "FEHR
workshop" in subsequent discussions. ’ '
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Organization

The remainder of this chapter is organized in two sections.
A brief preamble at the beginning of each section describes its
contents and structure. Section I contains a narrative description
of the summative evaluation process. Section II is devoted to a
detailed technical presentation of the empirical evidence. However,
the summarization, integration and interpretation of the findings
with respect to the educational objectives is not included in this
section. For the convenience of the reader, this material is pre-
sented separately in chapter 5.

. SECTION I.  NARRATIVE DESCRIPTION

This section is intended to provide the reader with an over-
view of the entire project before proceeding with the specific de-
tails of data analysis and interpretation. The discussion is or-
ganized under two main headings: subjects and instrumentation.
Under the subjects heading we provide detailed descriptions of the -
various settings in which the trials occurred, and operational def-

\initions of the major independent variables of interest to the
evaluation: viz., problem content, amount of FEHR exposure, type
of class, and degree of integration between the regular class con-
tents and the FEHR-PRACTICUM project. Under the instrumentation
heading we provide a detailed description of each evaluation in-
strument used, and the'process by which it was developed and vali-
déted Hopefully, this procedure will permit the bresentation of
the emp1r1ca1 data to be shorter and better articulated than would
otherwise have been the case.

SUBJECTS

Pde o The summative evaluation of FEHR-PRACTICUM involved 358 subjects
from 20 different education classes conducted during the 1972 and 1973
ca]endar years. The majority of these (15 classes and 306 subJects)
were regular course offerings at The University of Michigan.. The
remaining 52 subjects were distributed among experimental courses
offered by five different institutions: Flint Junior College, Indiana
University, Michigan State University, Ohio State University, and
Western Michigan University. Since three of the University of
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Michigan classes (50 subjects) were used as controls, a total of 308
FEHR-PRACTICUM experiences were evaluated (256 at Michigan and 52
elsewhere). However, the effective sample of experimental subjects
was only 215 because 93 subjects appeared twice. Double appearances
occurred when students enrolled in both terms of a two-semester se-
quence. These repeated administrations were considered even more
valuable than an equivalent number of new subjects. In addition to
the Tongitudinal information provided by these cases, each separate
appearance contributed unique information because the instructional
purposes, the FEHR-PRACTICUM problem used, and the admiuistrative
procedure were different in the first and second semesters.

Originally, we had planned to collect a uniform set of data
from each field trial. This was a practical plan when the system
consisted of ten rather finite problems. However, the current FEHR-
PRACTICUM system permits each user (instructor) not only to choose
which of the eight problems he will use but also to adapt the prac-
ticum to the needs of his students by assigning only those tasks
which are directly related to the instructional objectives of the
session. Literally hundred; of "assigned problems" with differing
levels of complexity and difficulty (attained through different task
combinations) are possible within the general framework of each FEHR-
PRACTICUM problem. Detailed descriptions of the more important task
combinationsand comprehensive instructions for their use are pro-
vided in the FEHR-PRACTICUM Game Managers Manual. It follows that
each combination would imply instructional objectives with. differ-
ent patterns of emphasis. Evaluating the effect of FEHR-PRACTICUM
in terms of these differing purposes obvioué]y required different
data bases or different interpretations of the same data, or both.

Because of this interrelationship it is necessary to discuss the
| particular instructional objectives to be included before describing
the data base per se. :

It is obvious from the above discussion that the number of
possible préb1¢m=variations precluded an evaluation of each FEHR .
problem for all instructional purposes. “Even an attempt to evaluate
each problem with a set of say four typica]finstructiona] uses would
have required 28 subject groups for each replication. There was
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also the fact that an adequate evaluation in many problems requﬁfed
a comprehensive and detailed knowledge of a specialized conten: area.
For example, the perceptual education problem (PEP) was desigmed for
clients who either already had z broad knowledge of theory and ptac-
tice in the psychology cf learnimy cvzabilities or were willmmg o
spend tuve :itme =nd effort to develop =. Similarly, the ‘eadsiiz~—t
problem requir=a interest and knowledgs in the field of early child-
hood education.. Clients with thess intarests were not availale in
sufficient numzers to permit an ewTuation of a wide range of cam-
plexity and difficulty levels for. .siamed problems. For -thesa
reasons, the strategy adopted was: t* :evaluaize the flexibiTity/
adaptability of the FEHR system usig ome *stamdard” problem, wmen
to field tes==esach of remaining pr-xlems at a complexity level waich
ensured that=ach component task was imvolved. The remedial ar<th-
metic problem (REMAR) was chosen as the standard problem because it
seemed reasonable to assume that most prospective clients had smf-
ficient experience and expertise in computation to develop an adie-
quate evaluation rationale. Although the use of a FEHR-PRACTICUM
problem to motivate the development of content expertise was con-
sidered a legitimate function for the game,.we chose not to evaluate
this usage because of the prohibitive amounts of time involved.

Class Settings and Instructional Objectives

The seventeen classes .in which FEHR-PRACTICUM was field tested
can be divided into two broad groups. According to our evaluation
plan, the first nine classes were to be used for field testing the
eight FEHR problems (RFP packages), and the last eight classes were
to be used for field testing the flexibility/adaptability of the
FEHR problem model using only the standard REMAR problem. However,
in practice the distinction between the two groups was blurred by
differences in the innate complexity and difficulty of the problems
themselves and wide variations in the expectations and standards of
the instructors and game managers from site to site.' In addition

" there were wide variations in the entry skills of the participating

subjects (students) from class to class. For these reasons the
original dichotomy was dropped in favor of a three dimensional
classification scheme.
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The thre= dimensions of interest are: (1) the problem zontert
amea (or areas) used, (2) the degree of exposure to FEHR (nember of
wrojects, and ithe tasks assianad in each), and /Z' the tyme of cTass.
<i-rieff description of the cijreeories within eacr dimension -is pro-

s before describing the samuling pattern per .=,
1) Problem Content: Th=-e were eight problems to be eval-
uated in the FEHR-PRACTICUM model. A “ist of the t¥tles

is provided below. A detailed description was givem im
the: previous chapters.

i. Project PEP: Percepfua]“Education’Problem (RF2001).

ii. Project REMAR: Remedial Arithmetiz (RFP002). This
is the standard problem described to be used far the
first implementation at a new site.

1ii. Project EXTSY: Extended School Year (RFP003)..

iv.  Project HEADSTART: Early Childhood Education (RFP004).

V. Project READ: Reading Assessment Project (RFF005).

vi. Project TQUEST: Validation of a Teacher Ratimg
Questionnaire (RFP006).

vii. Project RMA: Remedial Math for Adults (RFPGO7).
viii. Project BUS: Busing to Achieve Integration (RFP008).

(2) Expasure to FEHR. The amount of exposure to FEHR depends
on buth the number of FEHR projects a subject participates
in, and the complexity of each project. The complexity

- dimension is operationally defined in terms of the specific
tasks which were assigned in a given class. The items on
the checklist of practicum tasks inciluded in each problem
RFP packet can be subdivided into eight main categories.
Listed: in order of occurrence with a sectiom keyword under-
lined these are: (a)- introduction and prohilem defimition,
(b) review of the related literature, (c) conceptual frame-
work or theory, (d) method, (e) plan for analysis of data, -
(f) personnel responsibilities, 1ogistics, and budget,

(g) results of the analysis, and (h) the educational
interpretation and a recommended décision.
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In general, the eight “:sk cam=sgories were assignec
in five main patterns. Th=a: are Tstzd below in (approx-
imate) order of increasinc complexiZy. Pattern D was not
Tisted as a FEHR-PRACTICU# &=signmemt in this evaluation
but was included to illusmi:i.2 the r=:dative position of
the dissertation proposalc :iz=d as & comparative criterion
in the evaluation of FEHR srwoosals.

Pattern A: A restric=z statisZical study only.
Contains: *-roblem, ‘method, analysis and
results.

Pattern B: An experim=rzal report. with the review.
Contains: “r-oblem, th=ory, method, anal-
ysis, resufis and intarpretation.

Pattern C: Both a propesal and a report. Contains:
Problem, theory, method, analysis, lo-
gistics, results amd interpretation.

Pattern D: A full proposal. Contains: Problem,
review, theory, method., Togistics, analysic

Pattern E: Both a full proposal and a full report.
Contains: Problem, rewiew, theory, method,
logistics, analysis, results and inter-
pretation.

Anyone of the patterns outlined above could be com-
pleted with varying degrees of sophistication. For example,
reading achievement in problem fiwe cou¥d be defined as
the total score on a single stammrdized reading test, or
it could be defined as a pattern of scores on a series of
sub-tests. Obviously the latter defimition requires a
greater understanding of psychmiimgical theory, measurement
constructs, and data analysis tedanigues than the former.
This we called the intensity dimemsiom. For the sake of
simplicity, all practicum sessioms were classified as either
intensive or non-intemsive. An imtemsiwe session required
subjects to develop a detailed th=oretical structure (usually
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itivar-zte) which was compreher sive, internally con-
“tent, ama Ziearly related to previous evidenca in the
- :ld. 7 =:zmmplexity and inteens .ty dimensions were com-

5, ed tc mzkaz the exposure faczmo according to tke fol-

lowing ruisms.

Rul2 :. The higher the ga==n ievel, the ~reater
the exposure. Tha< 'is, pattern E s pettern
O > pattern C > pactern B > patterr A.

Rui2 2. Two experiences =zt azny pattern Tevel repre-
sent more exposure thzn one experience at
a higher pattern level. provided the experi -
ences are with different problem contents.

Rule 3. One intensive experience represents more ex--
posure than two man-intensive experiences.

Rule 4. A non-intensive axperiz=nce followed by an
~ intensive -experimnce ‘r=presents more exposure
than a single imtensive exposure, but less
exposure than two fimi=msive experiences.
Two intensive experi=nzes represented the
maximum possible .exposure availabie in this
study.

Iypé of Class. Seven different courses were represented

in the 17 which used FEHR~PRACTICUM. Each of these carried
graduate credit in the gemeral area of educztiomal researd,
but their c.iientele and purposes differed consiserably.
However, it is convenient to group tmem in i course
types: gere=ral research methods, res=arch mezmms for
specializew: content areas, and in-service worksirops for
aracticing =ducators. The particular courses “in each
classificatiion follow:

"i; .General Research Methowis. These -cdurss,i were attended
(usually on a requirembasis) by studemts From a va-
riety of graduate programs--in education. The courses

- in this category were:
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.a) Education 882 at Michigan State University,

(b)

(c)

taught by Mr. George Sargent in collzbaration
with Professors Norman Bell and Allan Abedor.

-The students had already completed etementary

stztistics and were studying research design

anc analysis of variance, but typically had
littie previous mathematics or research training.
Teams of three were assigned a REMAR project at
the pattern B level of complexity. A somewhat
structured FEHR-PRACTICUM (i.e., one dealing

with 4-6 variables) was used as the core comtent
of the course, with lectures, seminars, anc self-
study materials paralleled the probiem-solving
process. Course material was parallel with- the
practicum but not completely integrated nto

the curriculum. The class was considered nmn-
intensive.

Education 785: Introduction to Inquiry at Ghio
State University, taught by Professor Willimm
Loadman. This course was very similar to tie
course at Michigan State University except that
the pattern C level of complexity was used 7n
order to emphasize budgeting and negotiations.
In addition to feymal written budgets including
cost-effectiver=ss assessments, Professor Loadman
required each t=amto meet with him.to negotiamte
their project funding. Again, all studemts useed
a fairly structured REMAR problem, Course =mn-

~tent was not integraded. The project was classi-

fied as a non-inten=zive experience.

Education 601: Introduction to Educaticnal Re-
search at Western Michigan University, taught
by Professor Uldous Schmidkens. This was pri-
marily a statistics class, and a structwmrea
(univariate) REMAR problem was assigned, at the
pattern A level, to a laboratory exercise to
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provide opportunity to mractice the techniques
taught in class. The course content was not
integrated with the practicum. The project was
classified as & non-intensive experience.

Education €655 and G656, a two-semester sequence
at Tie University oF Michigan, taught by Pro-
fessor Leverne Coll:t, airector of the FEHR-
PRACTICUM project. This course segmence was of
special “importance to the project since it was
pussible to adapt the comtent to take optimum
advantaga. In addrtion, the exisience of two
separate sections @nabled.some exparimental con-
trols to be exercised. Eight graups (course
sections; of students fram these classes were
used im the field =rials: two sections of (655
in the fall semester 1972, two sections of C656
in tha winter zemester 1973, two sections of
C655 4n the f&ll samester 1973, amd two sections
of C656 in the winter semester 1974.

The twop sectians of C655 enrolied in fall
1972 were used Tor a Formal experimental ewval-
uation of the effacts of FEHR-PRACTICUM. One
section was assigned to the usuali labwratory
practice and the: ather was Tormer -mrow three-
man teams and remuived to complez— a FEHR-
PRACTICEM project at the patterr = level of
complexity. This-was a moderateiy ryestricted
FEHR-PRACTICUM in"which students wealt with only
one dependent vartiable, two or three independent
variables (including the treatmemis), and a few
of the bwcgeting problems. The pmacticum was
run as an independent. labgratury fim that none
of the FEHR problmms ams deakt with in the lec-
ture_. ‘However,:a grest deal of ronsultation was
available durinc: the “taboratory s===xions. Each

W
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team was given their choice among the seven con-
ten: ar=as a\laﬂable.1

7 the sequenciai (656 course in winter 1973
all students were assigned to complete a REMAR
project:, thus enabling us to assess the relative
effizimancy of early wersus delayed exposure to
a mao=razely restriczed FEHR-PRACTICUM problem
used: = the core experiemce with the course de-
signed around the PRACTICUM. It placed more em-
phasis an covering ciassital research methods
than tiez C655 practicum. A more detailed dis-

~ cussiior of the design and strategy of the ex-
perimertal evaluation appears later in this re-
nort. The content 2% ‘the course was not inte-
gratea wth the projec=. The project was classi-
fied =: 32 non-imtensiwe experience.

The T973-74 sequence of C655-C656 was used
To test “ine noifizn tizat one cannot obtain optimum
z=net™ ™ from FEHR-—RGITICUM in the classical lec-
zure amd labormtary zproach. To obtain optimal
resLi==,, tiee cours= mmst be structured in a prob-
lem =xiwing discowery :mode. The pattern E level
- complexity was wseds in C655 with the REMAR
orobienand the pz—tetn B level in C656 with the
TQUEST oroblem. In tivh cases the course and
practicam were fully —=ategrated. The project
was tonsidered an intensive experience. Again,
@ detailed explamgien of this strategy appears
im a ‘= section.

]The.mrtgina] choice was among all eight-problems, but, as mentioned
previously, the READ proiiem experiemced.technical difficulties.
This mecessitated skziftimm students «choosing that area to another
probism, :
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(i1)

(i)

Research Methods for Specialized Content. Only the
Special Education Evaluation Practicum, a course

taught by Professor Candy Garrett at Indiana University
fell into this category. Students in this course were
all training to become researchers, developers and
teacher-educators in the area of special education.
These students were required to conduct a complete
project in the Perceptual Educatijon Problem (PEP) .
There pattern E level of complexity was used, but the

statistical aspects of the methods were downplayed

somewhat and great.emphasis p1aéed on the review of
research, the theory (conceptual framework) and the
instrumentation. Particular attention was paid to
diagnosing patterns of test scores. Consequently,
it was considered an intensijve experience, although
this classification was marginal. The practicum and
course content were parallel, but not integrated.

In-service Workshops. Three workshop-type classes
were held under the course title Education C699 Pro-
gram Evaluation Laboratory. The first two were held
on the University of Michigan main campus at Ann Arbor.
The clientele for these courses were about 75% from
graduate programs in education and 25% curriculum
supervisors and members of the Office of Research and
Evaluation for the Ann Arbor School System. Both
these groups were given their choice among the seven
problems, and both required proposals and final re~
ports at pattern E level of complexity. '

The third C699 course was a true in-service course
held in the Flint Junior College. It was attended by
practicing administrators and. administrative interns
exc1usi§e1y » each of whom completed a REMAR project
at the pattern B level of difficulty.. The ain was
to develop the knowledge and skill necessary to use
empirical cost-effectiveness evidence.in arriving at
decisions about programs. The FEHR-PRACTICUM problem

.
v
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was accompanied by comprehensive consultation from

the instructor: here, the PRACTICUM per se became

the "course." However, since none of the partici-
pants had previous training in research, it was
.necessahy to spend a good deal of time developing
elementary statistical concepts. This was arbitrarily
considered non-integrated because no struictured con-
tent was presented. Consequently, the project wac
considered to be non-intensive.

In the preceding pages we provided a general description of each
class participating in the evaiuation, the way that FEHR was used
with the class, the FEHR problem used, and the specific tasks stu-
dents were assigned to complete. This information has been summarized
in figure 4.1 to provide a convenient reference point for subsequent
discussions.

INSTRUMENTATION

Seven formal instruments were developed to measure the degree
to which subjects had achieved the eight FEHR objectives: six mea-
sures of achievement and three measures of attitude and perceived
achievement. In addition, space for comments was provided on each
instrument, and criticisms were solicited. However, only two in-
struments were administered to all subjects. The remainder were
developed especially for the controlled experimental evaluation
involving only a small subset of the subjects (classes 1-6). A
summary of the instruments developed and the classes to which each
was administered appears in figure 4.2.

-None of the measures Tisted in figure 4.2 is considered to be

a unidimensional scale. Rather, each consists of two or more con-
ceptually independent subscales. Scales are considered conceptually
independent if there is no logical reason for variation in one scale
to cause variation in the other. Such scales may yield significant
statistical correlations, but these are attributed by definition to
common causal relationships. The evaluation per se is made in terms
of the subscales. Each of these scaies is assumed to have primary

121
135



*sasse]) mzvpma?oru;ma 40 =o*un~;umma Axeumns  *{*y aanbrd

89€ N W.LOL ONVYO

*(salis "Yohsd °p3 wouy Ajwop

‘) udajjed aq prnoys esodoad Inq *YH34 ON  °S9Y 'pul 6 ~ued pajdwes) spesodoad g ud ‘0z
*343YMas|d N * UM S} ; .
SO}3silels 9 "Juwasw °sseld pajpn}s s;§ :3UON Axoay} i ‘€L M *$593/L093 ‘6l
*onp3 _
"pasinbas sem 3¢ Ing ‘33K Bufuieal ou pey s,S :9UON 4O *|Iyd 0g €L M ‘(Wn) sov '8l
S{efd] pLatd :sdnoay |oajuo)
80 N TYi0L 1S31 @7314
1Sanbl 9391 dwo) 9ALsSUIaluU] J udeslljed  °say ‘uay ' S,S mMaN an
1S3anbdi 93191 dwo) AL SuUdluj J uJaljed °say *udy 6L L M (®) *2 *225 (WN) 9593 /1
1sandL 913 duio) 9ALsuUaju] J uadlled  °say ‘uly A L M ‘L "93S (WN) 9599 ‘91
dYWIY 839 dwo) dALsualul J uasljed  *say *uay 0t €L 4 ‘2 935 (WN) S99 °Si
JYRIY 933 dwo) dAlsualul 3 uadlled .mmxn.cmc it} €L 4 ‘L "99S (WN) SS9O ‘bl
TAYSHM .
g~ 3310y) 333 dwoou] BALSUBJU] 3 uda3jeq ._m>ummoga 9 €L M “(WNn) 6693 ‘€L
: *QYSHN
HyW3d 9391 dWOdUT  BALSUIIUL-UON g uaslled .~m>ummo;¢ L €L M ‘uUlld 6699 2l
Taysypm
g8-1 83tou] 919 dwoduy SALSUIaUL-UON 3 u4ajied - {ea3‘boud 9 ¢l 4 .Azav 6690 1t
*say , .
did 938 dwoou] SALSURIU] 3 uddljed  *p3 'oads 8 €L M °'n euelpur  of
YyW3Y 919|dWOdU] A LSUIIUL-UON Y u4dljeq  *say ‘udp g LM N YLK "31S9% 6
YYWIY 239 dwoou]  BALSUIIUL-UON J u4d31ed  *SaY ‘usy £l €L M “°n 9je3s oyp g
YyW3y 938 dwoou] SALSUBU] g U4dIIR4  °SBY "udY 61 €L M °°n 93e1S P 4
: S{elJL pLatd
g-1 @dloyy  23apduodu] BALSUBIUT ) U43}Jed  "SBY “udY 9 €L M ‘(c) wous s,S ‘9590 °9
g-1 8d10yy  933pduodou] BALSUBIU] ) uJ3}jed sy ‘udy 12 €L M “(2) woay s, “969) ‘g
g-1 9dLo0y) 939} dwoou] BALSUBIUT J U43331R4  °SIY ‘udy 81 S.S MAN (q . .
g~ 9dtoy) 939 | dwoau] AALSUIIUT 7 u4d3led  °say ‘uay Gl (1) wouas s,S () g2 M 9699 ‘¥
-1 89l0y)  333|dWOOUT  BALSUBJUL-UON 3 UM3I3Rd  *S3Y "udg 9 ¢L 4 ‘089% 9 2 "99S ‘5590 ‘¢
g-1 adLoyy 939 dwoou]  BALSuUl}uL-uoy g u4d33ed  *say ‘usy 22 2 4 2 998 (Wn) SS9 ‘2
3UON 919)dwoou]  3ALSUSJUL-UON 3UON ,°S3Y ‘uay G2 2L 4 “L *93s (Wn) 9593
uotjenfeAl [ejuaujiadxy
SW37904d T3ATT BEVLER! Q3IN9ISSY SSY10 N SSY1d
NOILYHOILNT ALISNIANT  SHSYL HH3IS 40 3dAL

122

136

Q

[ 4

Aruitoxt provided by Eic:

E



DESCRIPTION OF INSTRUMENT CLASSES USING INSTRUMENT

Measure of Achievement

1. First Examination: A review Exp. Eval. Classes 1-3
of basic statistical knowledge. :
2. Final Examination: C655, | Exp. Eval. Classes 1-3

Fall 1972, Applied Statistics.

3. FEHR-PRACTICUM rating sheet/ | A11 FEMR Classes 1-17 and
or proposals and reports. Ph.D. proposals: Class 20

Measures of Perceived Achievement,
Research Attitude

4. Self Assessment of Research Exp. Eval. Classes 1-3°
and Evaluation Skills (SARES) and 4-6

5. Goal Assessment Questionnaire Classes at UM and IU: 4-6,

10-17
6. ORS Questionnaire : Classes 4-17
Other Measures
7. MWritten comments and criti- Classes 1-20

cisms were solicited at each
administration of an instru-
ment or instruments.

Figure 4.2.  Summary of Instruments used in the Summative Evaluation

validity. That is, the scale is an operational definition of the
characteristic being measured. Consequently, the composition rule
and rationale for each subscale are of paramount importance. This
information is provided in the comprehensive descrijtion of each
instrument wnich follows. For each instrument the discussion is
organized into five parts: a general description‘bf the instrument
and the process by which it was developed, the evaluation role of
the 1nstrument, the subscales derived from the instrument, and pro-
~ cedures for ohtaining reliability estimates. :

First Examination: A review of Basic Knowledge

Description. The test is comprised of 57 multiple-choice items
selected from chapters 8 to 15 of Runyén and Haber (1967). The test
required a broad basic knowledge of elementary descriptive statistics
and simple statistical inference including t tests for either inde-
pendent or correlated samples. No subscales were defined for this
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test. The total test score was representedfby the symbol E1.

Role. The first examination was administered to the ex-
perimental evaluation only (classes 1-3) on October 16. Since the
FEHR treatment did not begin until after that date, the E1 scores
were used as a covariate to correct for initial differences in sta-
tistical ability among classes.

Subscales. No subscales were developed: for this test.

‘Re11abi1itx. The split-half reliability of the entire first
examination (57 items) was .83.

Final Examination: (655, Fall 1972.

Description. The instrument was administered in two parts.

Part one consisted of six short answer explanation items concerning
knowledge of basic statistics and six brief problems requiring the
application of these ideas to simple data sets. Part two consisted
of a brief description of a case study followed by questions re-
quiring a critical evaluation of three alternative methods of ana-
‘1yzing the data described in the case study. A1l of the items in
both parts had been successfully used with previous classes and a
“detailed scoring guide had been developed. The entire test in con-
densed format, appears in appendix 4A, | '

Role. The test was administered to the.experimental evaluation
groups only (classes 1-3) in two sittings. Part one was administered
during the last regularly-scheduled lecture in December, and part two
was administered during the last scheduled laboratory session two
days later. To guard against biased adminiSfrations, tests in both
sections were administered by a laboratory assistant unfamiliar with
FEHR or the evaluation project. To minimiZelthe effects of scorer
bias, the following procedure was used. Tests were numbered sequen-
tially, then randomly shuffled by a secretary. Students were in-
structed to record the number of their test and ﬁg;_to write their _
names or other identification on the test paper. " Names were assigned
after scoring was completed. |

Subscales. No a priori subscales were defined for this test.
However, since FEHR experience seemed likely to affect some items

N
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more than others, each item score was recorded Separately. Com-
b1nat1on strategies are discussed in the analysis section. In sub-
sequent discussions, the symbol FT is used to designate the total
score on the final test.

Reliability. The tests were scored according to a detailed
guide which allocated points for the presence of specific response
characteristics. Using this guide, each test was scored indepen-
dently by both the instructor and his teaching assistant. The

. correlation between the total test scores obtained under the two -

gradings was .87. ‘For each item, the score assigned was the average
of the two gradings rounded to the nearest whole number.

FEHR-PRACTICUM Product Rating Sheet

Description. The FEHR-PRACTICUM Product Rating Sheet (desig-
nated PRS for short) was developed by the project director to assess
the proposals and reports produced in the practicum. It was intended
to provide an objective measure of the quality of proposals and final
reports for a broad range empirical investigations. Despite the
title, the instrument is really more a checklist than a rating. The
strategy adopted, wherever possible, was - to- identify elements or
characteristics of proposals and/or reports that were both unequ1v—
ocally identifiable and generally desirable. 1In developing the in-
strument we have been heavily dependent on material developed by
Resta and Baker (1972) and Bruce W. Tuckman (1972), part1cu1ar1y
with respect to organization and general content. However, the de-
velopment of specific criteria required a number of rather arbitrary
decisions for which the author takes sole responsibility.

A copy of the rating sheet appears on page 126. The rater's
task is to enter in each of the eighty four blanks on the sheet a
number from zero to the maximum value indicated (in parentheses)
before each blank. The maximum value reflects the arbitrary weight
assigned to that element in the overall assessment. The complete
criteria for assigning numbers to each item are given in the guide-
lines which appears in appendix 4B. A few examp]es will be pre-
sented here to provide concrete illustrations of the sca]es 1nvolved
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FEHR-PRACTICUM RATING SHEET Team Members

for Proposals and Final Reports Date Product
A.Pre}iminary Materials (d)data-source,who .admin.,how (2)
I.Title page . 3 | -data matrix defined )
(a)precise prob. ident, . (2)__ (e)analysis-rationale given SN
(b)suff. concise for index (1) ~-covers hypotheses (9
(c)too long or wordy - (-0_ -efficient ()
(d)incomplete author/info. (-1)__ -inappropriate for purpose (- 10)—"
~2.Tables: Contents, figures, etc.i':] * 5.Budget ‘ 10
3.Abstract 10 ' (a)source of.each item clear (2) =
(a)study purpose outlined ¢y (b)standard items present . (2)_
(b)target population identified (1) (c)problems anticipated NCIMEE
(c)major dependent variables - (1) (d)expense resource balance (2)_
(d)design outlined )~ (e)cost effectiveness assessed (2)___
(e)analytic procedures outlined (2) * 6.Logistics 10 §
(f)key comparisons outlined (2): (a)schedule of activities (2)
B.Body of the Proposal (b)work distributed prorate (2)—.
....... T Tntroduction 20 [ - (c)sufficient personnel ()=
(a)statement of the problem — (4) (d)bottlenecks anticipated @)
~ (b)context or background (8 (e)sequence logical § efficient (2)__
(c)purpose of proposed study (4)_ * 7 Personnel 10 :
(d) {.mportance of.s.tudy' (2)__ (a)major personnel named ) T
(e)scope and delimitation (2)_ (b)personnel respons. defined 4
(f)assumptions, limitations (4)__ (c)evidence of competency(vita.) (3)” -
(g)lacks logical relations (-8)__ (d)personnel inadequate (-10)
2.Review of Related Literature 20[ ] **8.Results(Statistical Concl.) 30 |
(a)relation articles § study (4):_-__' (a)result for each hyp. - (4
(b)art%cle methods evalgated (4)___ . (b)expli‘cit stat. concl, (2)7—"7;
(c)art?.cles reprgsentatlve o (4)_ (c)neat concise displays ()" =
? (d)logical grouping of studies (4)__ (d)logical organization (6)" -
(e)results summar. § synth. (4)_ (e)explan. graphs, diag. (49
(ficritical studies are missing (- 8) (f)ove;‘all summary, . synthesis (12'):?.:"
3.Conceptual framework(ranonale)Z (g)procedural errors . ('10)—
(a)set of principles or laws (4) **9,Educational Conc. § Implic, 24 ‘
(b)pm:.n tied to theory,research (4)___ (a)educ, meaning results given_ (4) .
(c)pr}n form gohgrent I.Jnlt. (4) __ (b)obj. not subj. presentation OB
(d)prin. & modifying criteria (2)__ (c)pattern of results interp. (G
(e)research hypotheses stated (4)__ (d)cost effectiveness assessed (8)
(f)definition of terms (2)_ (e)validity of concl. (target) (4) -
(g) success c?it.(quec.tives) (4)__ (f)misinterpretations (-10)—v
(h) lacks logical relations (-10)___ 10.Gen, Eval, of report/proposal 20
4 Method i(_)_m (a)physically neat and orderly  (2)
(a)subjects are descnbed (2) (b)style acceptable(AERA,etc.): (5) : j:f
~-sampling described (2) (c)appropriate citations given = (3) .
-samnling representative (8 . (d)organization clear,readable (5) .
(b)desj gn-described @) (e)study is replicable ()=
-rationale 2y Su —
-variables not operat. (-4)— c. Jplementary Materials (bonus) 15 :l
-crit, compar. groups 2" 1.Bibliography (5)_
-valid comparisons )~ 2.Appended explanations of data . (10) -
-inval. not controlled (-4~ :
(c)inst.-desc. all tests )" [_———J
-assess rel. § val, SN MAX. POSSIBLE/TOTAL 7/ S
' ~unsuitable, incomplete (—4)— RATING o

EKC * Appllcable to Proposal only 140]26 *f Appllcableto FmalReport only

wll Toxt Provided by ERIC




Most of the assignment rules are primarily quantitative.

For example, the rule for section B.1(a) statement of the problem
directs the scorer to:

Give:

4 points if there is an explicit statement of the "basic"
or “root" problem. To rate full credit, the statement
should identify, at least in general terms, each of the
following:

(i) the system being studied.
(i1) what is presently happening in the system.

(111; what should be happening in the system.

(iv) the reason for believing that it should
happen.

Assign one point for each of the above elements present.

However, it was also recognized that the style and organi-
zation can reduce the communicative power of a presentation which
contains all the elements of information to be communicated. Con-
sequently, one or more elements in each section provide -for sub-
jective judgments of the cumulative negative effects of such flaws.
For example, the assignment rule for section B.1(g) lacks logical

relations directs the scorer as follows:

Give penalties of:

0 points if the material presented is smooth1y connected
and many of the above characteristics are present and
individually meaningful, but there are inéonsistencies,
contradictions or ambiguities among characteristics.

- =2 points if it would be necessary for the average member
. of the intended audience to read the section several
" times to determine what the study is about. (Do not
impose this penalty if the ré-reading is'necessary be-
cause the reader does not have the background knowledge
common to the writer's intended audience!) '

127

141



-4 points if even after successive readings the average
member would be uncertain about the study's purposes.

-8 points if after successive readings the average reader
in tne intended audience would have no idea what the
study is about. '

There was also a need to provide judgments on the organi-

_zation, style, and readability of the proposal or report as an

entity. A separate section (B.10) is devoted to that purpose.
Again, the rationale was to upgrade objectivityvby separating
purely judgmental ratings from the "checklist" ratings wherever
possible.

The question of element relevance proved difficult to handle.
Obviously, the elements identified by certain items (e.g., B.1(f)
assumptions and limitations) were irrelevant and unnecessary in |
some studies. Yet, to allow each rater subjectively to determine
whether each element was relevant to a particular study would
certainly decrease the objectivity of the scale. Two actions
were ,taken to minimize the effects of item relevancy on overall
quality scores and on the relative weightings placed on various
sections of the document. First, wherever it was logical to
expect substantial numbers of studies for which an item was
irrelevant, the scoring instructions began with an award of full
points and subtracted points for relevant data which was missing:
rather than adding for adata which was present. Second, in a
case whére a particular element was clearly:beyond the scope of
the writer's responsibility (e.g.,in a FEHR problem which spe-
cifically excluded a review of the Titerature), the expeéted
score was amended to zero. Thus, for any séction, one could
calculate both an absolute score based on the information which
was present and a relative score based on the proportion of the
assigned tasks which were present,
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Role. The product rating scale was considered to be absolutely
vital to the evaluation because it was based on assessment of an ele-
ment common to all research/evaluation activities: the research pro-
duct. It had the additional advantage that proposals and reports
formed permanent records, thus permitting scor1ng procedures to be
reviewed and verified. There was, however, an important disadvantage
to the strategy. In addition to the amount of time required to de-
velop the instrument (about three months), a conscientious scoring
of one proposal or final report took at least two hours: approxi-
mately thirty-eight man/days of labor on just this phase of the

~evaluation. On balance, the increased information was considered

adequate justification for the time investment.

The instrument was developed dufiﬁg the winter of 1973, and-for-
matively evaluated during that summer and fall using all the products
from the 1972-73 year. The scoring criteria gradually evolved over

“that period, reaching its present form by December. The instrument

was used to score all proposals and reports callected in the FEHR-
PRACTICUM field trials. Because of the chamges during development,
1t was necessary to rescore all the 1972-73materials. To obtain a
comparative base from which to judge adequazm:,. the product rating
sheet was also used to score n1ne randomly~ssfected dissertation
proposals (class 20).

Subscales. A total of eighty fourZSeparate item scores plus
fourteen subtotal scores (as indicated by the rectangular boxes) were
available from the rating scale. However, for purposes of this eval-
uation, some of the subtotals were grouped info larger summary scales.
The major summary scales to be used here are:

1. Introduction and Problem Def1n1t1on Scale (IP): the sum of
items B.1(a) to B. 1(g).

2. Review Scale (RV): the sum of items B.2(a) to B.2(f).

3. The Conceptual Framework Scale (CF): the sum of items B.3(a)
to B.3(h). ' c

4. The Method Sca]g'(M): the sum of item B.4(a) to B.4(e).
5. The Logistics Scale (LG): the sum of items B.5(a) to B.7(d).
129
143




6. The Resu]t/Conc1usion Scale (RC): the=sum of —tems B.8(a)
to B.9(f). '

7. The General Evaluation Scale (GE): the sum of items B.10(a)
to B.10(e).

8. The Composite Scale of Common1y Asszgned Proposal Elements
(cp): the sum of the IP, CF, M, and GE scales. Since these
elements were common to both proposals and reports, it was
useful for comparing groups which had completed one or the
other but not both a proposal and a final report. The R
scale, which one would normally want to include in this
composite scale, was excluded here because of L.. tremendous
variety among evaluation sites in the resources and expec-
tations for this element.

S. The Compesite Scale of Commmnly Assfgned Finzl Report Ele-
ments (FC): the sum of the IP, CF, M, RC, amd GE scales.

1C. A PP Scale representing the- propart1on of thesassigned (or
expected) proposal tasks credited was calculated by dividing
.the total of all proposal tasks for each sub;act by the total
~possible score for his class if all.assigned tasks had been
satisfactorally completed. '

11. A PF Scale representing the proportion of the assigned (or
expected) final report tasks credited was calculated by di-
viding the total of all final report tasks for each subject
by the total possible score for his class if all assigned
tasks had been satisfactorally completed.

Rater Reliability. The ideal procedure for estimating rater
reliability would have been to insert exact replicates of previously-
scored documents at random intervals throughout the data. This plan
was' rejacted because of the amount of time involved. However, a
rough estimate of the minimum value of the random repTicates reli=
ability could be obtained by what was 1abe11ed the 1dent1ca1-e1ements
correlation.

Each of the seventy-odd subjects in class 14 (€655, fall 1973)
were required to write a formal proposal for evaluating the effec-

4
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tiveness of the various treatments which involved one assigned de-
pendent variable, one assigned moderator (independent) variéb]e, and
one "personal-interest" variable (chosen by the .subject). The stu-
dents worked together in teams of three to develop their proposals,
but the assignments were arranged so that the members of every team
had two variables in common. Because of this feature, the proposals
developed by members of the same team had many identical elements
which were developed cooperatively.

The procedure used was to (temporarily) mask the identification on
each propssal, mix proposals from all classes thoroughly, then com-
plete the rating sheets for the entire set. When this task was com-
plete, th= products were identified and matched by team membership
into all 1ossible pairs. For each pair the scores on all identical
elements w&re computed and the correlation between paired scores com-
puted over the entire class. Because of the redundancy in the within-
team pairing procedure, the degrees of freedom for the correlation
were defined by (total degrees of freedom within teams = 2) rather
than (number of pairs = 2).

The correlation obtained by this process was .6759. Since the
"identical" elements were seldom as much as half the baper and in-
cluded errors attributable to differences in format and stylé~as well,
this was considered a respectable level of rater reliability.

Self Assessment of Research and Evaluation Skills (SARES)

Description. The SARES instrument contained forty items de-

scribing tasks such as: "compute and interpret a one-way analysis

of variance" and "distinguish among main effects, interactions, simple
main effects, and confounded effects." The subject was asked to pro-
vide three ratings for each task: (1) their competence to perform

the task, (2) their interest in that sort of task, and (3) the im-
portance or relevance of the tésk”for their planned career. A F1Ve-_
point scale was hsed for each rating, with one representing complete
absence of the characteristic being assessed, and five representing ’
a superior level. A copy of the instrument appears in appendix 4C.

Role. The instrument was designed to be used with all field-
study subjects to measure the effects of various types of experience
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on subjects' perceptions of their competence, interest and relevance
with respect to various research tasks. The instrument was admin-
istered to the experimental evaluation classes (1-3) at the end of
the semester (December 1972), and to the same people again at the
end oF the second semester in May 1973. For these groups the ques-
tiomsaire seemed adequate. However, when it was administered to
some sample control subjects, they found the language so techni:al
and unfamiliar that they were unable to respond. Consequently,
anothrer instrument -~ the FEHR questionnaire -- was developed to
permit control group comparisons. '

Subscales. Within the competency interest and relevance dimen-
sions, the forty item résponses were grouped into eight content areas: .
(1) elementary statistics, (2) senior statistics, (3) sampling, (4)
scaling, (5) measurement, (6) design, (7) goal explication, and (8)
completing a dissertation. In addition, mean competency (MC), interest
(MI), and importance or relevance (MR) scales were computed by aver-
aging over the eight content areds. These three scales were used for
all between-group comparisons. : |

Reliability. 1In the summer of 1972, the instrument was admin-
istered to a small class (N = 22) on two difference occasions. Since
there was only a one-week interval between. admimistrations, it was
assumed that no actual changes in attitude had occurred and errors
could be attributed to unreliability in the test. The obtained. cor-
relations among the mean competency, interest and importance scores
at first and second administrations appear in figure 4.3.

Goal Assessment Questionnaire (GAQ)

Description. The GAQ was used as a course-evaluation device
by all the FEHR classes conducted at the University of Michigan. It
differs from the usual course evaluation questionnaire in that each
student response is explicitly related to an instrUctiona] objective
and a corresponding criterion of success. In this study, all re-
sponses were related to the fb]]owing nine gpa]s and their associated
criteria.
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Competency

Time 1 —_—

Interest -

Time 1 - 479 —_—

Importance

Time 1 L4372 7124 —_—

Competency .

Time 2 7375 - 4713 - K —_—

Interest

Time 2 .4825 .7198 . £8455 .4998 ——
Importance i

Time 2 .4692 .6537 .7592 .5294 7077

Competency Interest Importance Competency Interest
Time 1 Time 1 Time 1 Time 2 Time 2

Critical r @ .95 level = .4227; Critical r @ .99 level = .5368

Figure 4.3. Matrix of Correlations Among Mean Competency, Interest,
and Importance Ratings Collected One Week Apart.

GOAL 1: To increase sinterest in research methodology and con-
Tidence “in dealing with statistics and statistics-
related zourses by using-FEHR problems.

Criterion. This goal has been moderately achieved if
you found this course to be-more interesting and/or
less anxjety-arousing than mou-had expected. It has
ibeen completeily- achieved i¥ you are now sufficiently
interested and confident to-enjoy learning about new
esearch methods. .

GOAL 2: To develop an increased appreciation for the innate
complexity of evaluating program effectiveness.

Criterion. This goal has been achieved if you now
consider mofe dimensions in the evaluation task than
previously (e.g., use more variables to "measure" the
effects).
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GOAL 3:

GOAL 4:

GOAL 5:

GOAL 6:

GOAL 7:

To develop the tolerance for ambiguity and patience
necessary to deal with a complex problem,

Criterion. You have completely achieved this goal
if, when given a preblem for which no final solution

is evident, you proceed with any method which will

reduce the uncertainty -- even by a small amount --

confident that a step-by-step approach will eventually
lead to a solution.

To integrate and interrelate your existing know]edge
and skills in measurement, research design, statistics,
psychological theory, and educational practice.

Criterion. You have achieved this goal if you now

‘feel that your knowledge and .skill in two or more of

these areas somehow "make more sense" or "fit together
better." ' -

To attain sufficient skill in data analysis to compute
up to a t test by hand (i.e., using only a calculator),
and to interpret the results.

Criterion. You have achieved this goal if you have
correctly followed the cookbook formulas for this task,
shown where the numbers come from and interpreted the
results of a computer analysis of the data.

To'deve]op the ability to use an appropriate computer
program to do more complex analyses such as a one-way
ANOVA with subseauent comparisons using the combination
command and to interpret'the results.

Criterion. You have achieved this objective if you have

successfully completed both of the above designs on
sample data, and were able to interpret the results.

To develop the ability to identify the common threats
to internal and external validity when both are present
in.a study, and to suggest research techniques to con~-

trol these threats.

148
134



GOAL 8:

GOAL 9:

Criterion. If you are confident that you can recognize
examples of any of the common sources of invalidity
(in an open book situation), and can suggest some method

of controlling each threat, you have completely achieved,

this objective.

To develop the ability to state a (given) research/
evaluation problem in terms of re]at1onsh1ps among
variables.

Criterion. If you have participated in a successful
FEHR proposal and are confident that you can state a
new problem in operational terms, you have achieved
this objective,

To develop the ability to write research/evaluation
proposals and final reports in an acceptable style.

Criterion. If you have participated in writing an
acceptable proposal and report, and are confident

that, with minor help, you could complete the task
by yourself, you have completely accomplished this
objective.

For each goal listed above, the subjects were asked to respond to the
following six questions by choosing one of the five options.provided.

1.

In terms of my professional aeVelopment, the attainment of
this instructional goal is:

(1)
(2)

(3)

(4)
(5)

Likely to detract from my professional periormance.
Unrelated to my professional performance.

Necessary for masterful performance but not for adequate
performance.

Necessary for adequate professional performance.

A prerequisite which must be mastered before adequate
performance can be developed.

During the course, the instructor's commun1cat1on of this
goal to our class was:

()
(2)

Essential but not attempted
Useful (rather than essential) but not attempted.
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(3) Not attempted and not needed.
(4) Attempted but needed further clarification.
(5) Clear and adequate.

Within the time constraints of the course, the task of
achieving this goal was (is) for me:
(1) Very easy. Accomplished with very little effort.

~ Accomplished before the course began.
(2) Moderately difficult. Accompiished with moderate effort.
(3) Difficult. Accomplished with considerable effort...
(4) Extremely difficult. Accomplished only with great effort.
(5) Impossible for me to accomplish in the time available.

Regardless of the difficulty or ease indicated, my achieve-

ment of this goal, in terms of the criteria suggested by

the instructor, is:

(1) Well below criterion performance.

(2) Somewhat below criterion performance.

(3) Close to criterion performance, but some question remains.

(4) Clearly adequate,.at or somewhat above criterion per-
formance. - | «

(5) Well above criterion performance.

During this course, assignments and/or laboratory exercises
which provided an opportunity to achieve this goal were:
(1) Necessary, but not provided.

(2) Not provided, but unnecessary.

(3) Present, but more were needed.

(4) Present in adequate quantities. _

(5) Present in quantities greater than warranted.

The emphasis placed on this goal, ré]ative to other course
goals, should be:

(1) Greatly decreased.

(2) Decreased somewhat.

(3) Left as it is.

(4) Increased somewhat.

(5) areatly increaced.
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Role. The GAQ was administered to all FEHR classes at the
University of Michigan to provide a direct measure of student per-
ceptions of the degree to which they had achieved the instructional
goals listed previously. It was not used in the off-campus trials
because it was not possible to obtain a priori concensus on the
goal statements.

Subscales. For purposes of this study the questionnaire re-
sults were reduced to two scales per goal. The first was the goal
importance as measured by'the mean of questions 1 & 2 and the second
was goal attainment as measured by the mean of questions 3 & 4.

Reliability. Neither internal consistency nor test-ratest
reliability estimates were considered adequate for this study. The
former was unsatisfactory because the items were designed to measure
attributes which were conceptually independent. The latter was un-
satisfactory since we were predicting treatment effects which were
interactive with organismic variables such as ambition or activity
Tevel. However, reliability is of value primarily because it is a
prerequisite to validity. Since the study results constitute evi-
dence for the construct validity of the GAQ subscales, no estimate
of reliability was considered necessary.

ORS Ques tionnaire

Description. The ORS questionnaire consisted of six semantic
differential ratings on each of eleven different elements of a re-
search enterprise. The subject's attitude towards an element was
defined by placing an X in one of a series of blanks separating six
pairs of polar adjectives. The first item is listed with the X's
placed to indicate a great need for research skills combined with
fear of mathematics. '
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(1) Statistics is:

(a) Intimidating X _: i : i Inspiring self-
: confidence
(b) Irrelevant to my Necessary for my
. future work it i+ X future work
(c) Wearisome i Xi 't Interesting
(d) Conceptually Conceptually
difficult X i i i i simple
(e) Complex in Simple in
practice Xt s s :  practice
“(f) Unrewarding i X:_: Satisfying

S WM —— — ——

The remaining elements to be rated on these six dimensions are
listed below, with the bipolar adjectives omitted to save space.

(2) Computers

(3) The research process

(4) Research design _

(5) Defining successful comp]et1on of an educational .objective
(6) Proposal writing

(7) Ildentifying the basic need a proposed program is trying

to meet
(8) Basing decisions on research
(9) Budgeting time, money and other resources
10) Practicum experience in research
11) Team work in research

Role. As mentioned previously, the rating scale developed for
the experimental evaluation proved too technical for research novices.
This instrument was intended for use with both experienced researchers
and the research novices from the control groups. It was administered
to all classes except the first three. (Note, however, that most of
the students from these classes did respond ‘to the questionnaire dur-
ing their second semester of research training; that is, in classes
four to six.) ’

‘Subscales. The sixty six ratings resulting from the question-
naire were reduced to ten subscales, as follows, First, the six
rat1ngs on each element was to an interest d1mens1on computed by
averaging of ratings (a), (b), (c) and (f), and a difficulty dimension
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computed by averaging ratings (d) and (e). The data was further
reduced by combining the original eleven elements into five cate-
gories, with each category having an interest scale and a diffi-
- culty scale. The five categories and the corresponding scales
were:

(1) The classical research elements (items 1, 2, 3 and 4)
which produced the ICR and DCR scales.

(2) The program evaluation elements (items 5, 7 and 8) which
produced the IPE and DPE scales.

(3) The proposal writing elements (items 6 and 9) which pro-
duced the IPW and DPW scales. ’

(4) The research practicum elements (items 10 and 11) which
produced the IRP and DRP scales. '

(5) The grand mean of all items which produced the MI and MD
scales.

Re]iabi]itx. The questionnaire was administered pre and post
to a number of classes. Unfortunately, the confidentiality require-
ments enforced on some sites made it impossible to pair the pre and
post scores at many sites. The correlations for the 47 people for
whom pre-post pairings could be firmly established appear in figure 4.4.

-

Scale
Dimension Classical| Educ.| Proposal | Research | Grand
Research Eval. | Writing Practicum| Mean
Interest .4289 .3798 | .2094 .0070 .2853
Difficulty - .4531 1766 | .1540 .3207 .2609

Figure 4.4. Pre-post Correlations for ORS Subscales.

The wide disparity in correlations does not mean that "interest
in the research practicum" is less reliable than "interest in classi-
cal research." 1In fact, it is probable that the difference in corre-
lations occurs because the FEHR experience caused a moderate positive
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increase in the "classical" interest for most people, while the
"practicum" interest was radically improved for some people, mildly
improved for the majority, and radically decreased for a small mi-
nority. Non additive treatment effects result in reduced corre-
lations. It seems reasonable to assume that the highest obtained
correlation (.45) represents the minimum bound of reliability.
However, the assumption is not critical: the legitimacy of the
scales derive from the construct- -validity evidence which is 1m~
plicit in the results obtained.

Summary of Instrumentation

An overview of the instruments used with each class is pro-
vided by figure 4.5. An X indicates that the instrument named at
the top of the column was administered to the c]ass listed in the
left hand margin.

SECTION II. EMPIRICAL EVIDENCE

The previous section presented an overview of the data sources
to be used in the summative evaluation of FEHR—PRACTICUM In this
section we shall present the empirical data on which the evaluation
is based. It is convenient to discuss the experimental evaluation
and the field evaluation separately under the labels study one and
study two. Within each of the studies the material is organized as
follows:

(1) A brief introduction deséribing the role of the study in
the total evaluation followed by statements of:

(a) The specific purposes of the study.
(b) The rationale upon which the study is based.

(2) A descr1pt1on of the exper1menta1 method under the follow-
ing headings:

'(a) Subjects and sampling plan
(b) The educational treatments
(c) The design, including:

- a diagrammatic summary
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- dependent variables

- moderator and control variables
(d) The research hypotheses
(e) The analytic plan

(3) The results of analysis
(4) A summary of the findings

STUDY ONE: EXPERIMENTAL EVALUATION

It is obvious from the summary of participating classes dis-
played in figure 4.1 that the experimental evaluation was actually
a subset of the field evaluation rather than an independent study.
It consists of that portion of the evaluation for which it was
possible to do some random assignment and to exercise a modicum of
centrol over treatments. More specifically, we shall be concerned
with the information cbtained from the first six classes.

Purpose. The specffic purpose of this study was to assess the
effectiveness of FEHR-PRACTICUM as a laboratory experience to accom-
pany graduate education courses in research design and data analysis.
In pakticu]ar, we wished to compare the achievement and research
attitudes of students given FEHR projects and students given the
traditional skill practice using encapsulated data from prior stu-
dies (i.e., printed problems).

Rationale. Students in graduate education, regardless of their
specialty, are usually required to develop a "research competency."
In practice this has traditionally meant that they were required to
complete one or more courses in the area of measurement, research
design, and data analysis. It is frequently the case that a large
proportion of the students entering'these courses are there only
because of the requirement. They typically have had 15ttle mathe-
matical training beyond high school (often many years ago) andlare

fearful of the statistical content. In addition, a substantial num-

ber of students consider both"statistical theory and practical lab-
oratory experiences based on neat “canned" experiments to be largely
unrelated to the work for which they are being trained. Since a
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FEHR-PRACTICUM project requires the participants to apply research
methods to a practical on-going problem; it should help bridge the
gap between theeory and practice. In addition, the intense involve-
ment which has been characteristic of FEHR participants in the past
ought to ameliorate the effects of fear of statistics. If this in
fact happens, one would expect that the earlier the exposure to
FEHR, the better, and that increasing the amount of exposure (either
through more complex problems, or a greater number of problems, or
both) will result in increased achievement and an improved attitude
toward research. '

Method

Subjects. The subjects for the study consisted of all students
in Education C655 at the University of Michigan during the fall se-
mester- of 1972. Education C655 is the first in a two semester se-
quence of research design and data analysis courses wWrich are re-
quired by most of the graduate programs in education as evidence of
research competency. It is typical of similar courses in other
colleges of education in that only a small minority of these stu-
dents have had previous research experience or a college course in
mathematics.

The students had registered for C655 with the understanding
that the class would be split into two approximately equal sections
which would share a Monday lecture session, but have separate lab-
oratory sections to be scheduled on Wednesdays and Thursdays. The
two Taboratory sections comprised the control and experimental treat-
ments. Unfortunately, it was not possible to assign students to
laboratory sections entirely at random. Twelve students had schedule
conflicts which required a Wednesday Taboratory and eight required
a Thursday assignment. In addition, there weve six students who
were specializing in research methods and were therefore simulta-
neously enrclled in a C699 course which involved an intensive FEHR
project. The latter were conéidered a unique group. The remainder
of the students were randomly assigned to sections so as to obtain
equal numbers of students. On the flip of a coin, the Wednesday
section was assigned to the exberiﬁénta] FEHR condition, and the

1z
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Thursday section to the control condition. Luckily, the six stu-
dents simultaneously enrolled in C699 were all able to meet =ither
day. Rather than introduce a condition which mixed FEHR students
with students experiencing the traditional laboratory practice,

the six were assigned to the experimental condition. Thus, two
levels of involvement within the experimental section were created.
The regular experimental 1aboratory was designated a restricted
FEHR involvement, and the experimental laboratory supplemented with
a C699 project was designated an extensive FEHR involvement.

~ Although the Wednesday and Thursday laboratory sections were
initially of equal size, there were four ‘ate registrants and one
drop. The final distribution was 28 subjects in the Wednesday ex-
perimental section (22 restricted and 6 extensive), and 25 subjects
in the Thursday control section.

Since most of the students who enrolled in Education CE55 also
enrolled Vn the sequential C656 course the following semester, the
experiment was planned to continue over two academic terms. When
winter enroliments were stabilized, the student body of Education
C656 consisted of 15 students from the fall control group, 21 stu-
dents from the experimental restricted involvement level, 6 from
the experimental extensive involvement level, and 16 new studants
who had taken their first-semester course elsewhere. The distri-
bution of subjects is summarized in figure 4.6.

Term 1 . Term 2
Group Education (655 Education (656
Control n =25 n=15
Experimental -
Restricted n=22 n = 2]
Experimental .
Extensive n= 6 . n= 6
. . ————— =
New Students for (656 ‘ n=15

Figure 4.6.  Distribution of Subjects in the Experi-
mental Evaluation.
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Treatments. Before proceeding with a technical discussion.of
the design, it is useful to have a better understanding of the sub-
stantive content and instructional strategies iﬁ?o]ved in the various
course sections which constitute the educational treatments in the
experiment. A brief description of each treatment is provided here,
with supporting details provided in the referenced appendices.

The discussion is organized chronologically into fall term and win-
ter term treatments.

Fall Term: Education C655. The content for which all students
were responsible was presented in a two-hour lecture session on
Monday exclusively. This session was attended by students from
both sections. The content of the course was classical research
design and data analysis with Tittle emphasis on problem defi-

nition or decision oriented research. Topics included basic re- )

search design, descriptive statistics and inferential statis-

tics up to a one-wéy analysis of variance. The treatments to

be compared were the different laboratory sessions. These are
described below under three headings: control, experimental,

and experimental double exposure.

1. Control. Students in the control section were given lab-
oratory problems which required the practical application
of the principals studied in class to new data sets in
laboratory handouts. To encourage generalization to prac-
tical situations, many of these were presented as synop-
sized research projects. However, no attempt was made to
provide continuity from project to project. The entire
set of laboratory exercises appears in appendix 4D. The
instructor and his teaching assistant circulated about the
laboratory helping students complete their assigned exer-
cises. On October 15, when the experimental section was
formed into teams, the control group was also formed into
three-man groups. These groups worked on the laboratory
problems coliectively, but each person was expected to com-
plete all exercises and to be able to explain what was done,
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Experimental Restricted. Students in both the experimental
sections were given the same laboratory problems as the
control group until October 15. On that day they were
given synopses of the eight FEHR-PRACTICUM problems and
asked to form research teams of two or three members each.
Each team was to complete a FEHR-PRACTICUM project for the
problem of their choice before December 11. For the re-
mainder of the term, they were told, all laboratory sessions
were to be spent on their project. The groups worked col-
lectively on their project, but each individual was ex~
pected to produce his own report and to be able to explain
the rationale for each step in their experiment and to
discuss the educational meaning of each finding. The spe-
cific tasks assigned were defined by the checklist of tasks,
as discussed previously.

Experimental Extensive. As a supb]ement to the regular
course project described above, every student had the op-
tion of doing a complete FEHR-PRACTICUM project for extra
credit via a companion course Education €699, which could

be elected simultaneously. This course did not involve

any additional instruction or a scheduled ciass session:

it was a vehicle for awarding credit for intensive team
research efforts. Students who enrolled in this course
were expected to spend several additional hours each week
(over and above their C655 commitment) in "solving" their
FEHR problem. The €699 project was much more comprehensive
than the one assigned in C655. It involved submitting for-
mal propo$a1.(inc1uding budget) and negotiating funding as
w21l as completing an evaluation project and writing-a for-
mal report. However, students who were simultaneously en-
rolied in ‘the two courses completed a single report for

the two classes. The extra time did not provide-an unfair _
advantage over other (655 students since the course grading
procedures were kept independent of the project products
per se, as demonstrated by the final examination.
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Winter Term: Education C656. The topics covered in the second
course included intermediate research design (blocking, balan-
cing, etc.), factorial of variance, one-way and factarial anal-
ysis of covariance, the general multipie regression, non-para-
metric statistics, and an introduction {0 multivariate techniques.
A complete syllabus is available on request. The course organi-
zation was similar to the first semester, with two laboratory
sections (Wednesday and Thursday) and a common lecture session
(Monday). Both second-term laboratory sections featured an in-
tensive FEHR project: no control type of laboratory was offered.
However, students again had the option of enrolling in Education
€699 for additional FEHR experience. Thus there were again two
levels of involvement. These were designated intensive and in-
tensive/extensive respectively.

4. Experimental Intensive. The regular C656 conducted in essen-
tially the same fashion as the C655 experimental 1aboratory. '
but with three modifications: (1) the project lasted the
entire semester, (2) a great deal more research sophistica-
tion was expected, and (3) the proposals and final reports
were included in the course grading system. The number of
tasks assigned was the same as for the fall C699 project,
but the students increased knowledge of sources of invalid-
ity and the possibilities for statistical control produced
an approach that was intensely concentrated: hence the dis-
tinguishing label.

5. Experimental Intensive/Extensive. As mentioned, the experi-
mental intensive/extensive group took a C699 course simul-
taneous with C656. However, unlike fts fall counterpart,
this course required each student tc complete a comprahen-
sive FEHR project on 2 different problem than the one used
in C656. Thus, each member of the experimental intensive/
extensive group produced two proposals and two final reports
during the winter term. Both of these were intensive pro-
jects.
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Sampling Sept. 11  Oct. 16 Oct. 16 Dec. 11 Jan. 8 Apr. 30

PR Xo 03 Xa Op1x -3 Xy 0315
Xy 0335

PR Xg 0y, X 0pp< “:' X3 03,
Xy O33p
16 %o 013 X P23 T O33¢
S 0334
IG New students beginning in €656 :::->X3 0314,
| ¥, O33¢

Figure 4.7. Schematic Representation of the Experimental Design.

Design. The design of the study is represented schematically in
figure 4.7 using a notation adapted from Campbell and Stanley (1963).
The symbols in the left hand column define the sampling procedures
described in the previous section. The letters PR and IG stand for
partially randomized and intact groups respectively. The letter X
represents a treatment which began on the date appearing above the
column in which it appears. The subscript identifies both the par-
ticular treatment or combination of treatments administered and the
degree of FEHR exposure (the higher the number the greater the ex-
posure), as shown by the following key:

0 Fall control treatment. A laboratory problem in applied
statistics was completed each week. A different problem
was used each week. '

1 Fall experimental restricted. The assigned FEHR project
required only a final report. No proposal was required,
and costs were ignored throughout the project.

2 Fall experimental extensive. A 699 class was taken simul-
taneously with the regular C655: An extensive FEHR project
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lasting all semester was required. It featured both a pro-
posal (complete with literature review and budget) and a
final report. This project also counted as the C655 lab-
oratory project.

3 MWinter experrimental treatmer.t. An extensive FEHR project
lasting all semester, and requiring both a proposal and a
final report. The proposal required a budget, but only
the infermation bank literature was reviewed.

4 Winter C639 class was taken in addition to the regular C656
class. Students taking this course completed a second com-
plete project in addition to the regular 656 project.

The letter O represents a set of observations taken during the week
which begins on the date above the column. The first subscript
identifies the time at which the measurement is taken and the second
identifies the group which was observed. The subscripts a, b, ¢, d,
and e in the Jast column are used to indicate subgroups. These five
subgroups were pooled, after appropriate testing for similarity, to
form the larger treatment groups. The procedure for doing this is
described in the analysis section.

In the remainder of this section a dot (.) is used for a sub-
script to indicate that data has been pooled over the elements
identified by the subscript concerned. Thus; 0]. refers to the set
of measures taken from all groups at time 1, and 0_2 refers to all
the measures taken on group 2 during the whole experiment (i.e., at
all three times). This notation is particularly convenient for the
operational specification of critical comparisons. The variable
scores contained in each observation set, and the instruments from
which they derive appear in figure 4.8.

Exgptheﬁesl’“The hypotheses to be tested in this study derive
directly from the first five general objectives of the summative
evaluation. If the FEHR system is meating its objectives, then an
increase in exposure (either the complexity (intensity) of a project
or in the number of projects completed) ought to produce a monotonic
increase in the variables which operationally define the objective.
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SET INSTRUMENTS ADMINISTERED SUB-SCALE SYMBOL FUNCTION

0] First Examination: C655 Total El Covariate

2 Final Examination: £655 Total FT Dep. Var.

Self Assessment of Res.
and Eval. Skills (SARES) Mean overall

for
1. Competency MC Dep. Var.
2. Interest MI Dep. Var.
3. Relevance MR Dep. Var.
FEHR-PRACTICUM Product
Rating Sheet (PRS) 1. Intro. &
Prob. Def. IP Dep. Var.
2. Review of
Lit. RL
3. Conceptual CF
4. Method M
5. Logistics - LG
6. Results RC
7. Evaluation GE
8. Proposal P
9. Proportion
”~ Prop. PP
10. Final Rpt. F
11. Proportion
Final Rpt. PF
12. Proposal
Composite PC
13. Final

Composite FC

03 Self Assessment of Res.
. and Eval. Skills (SARES) Mean gain
from 02

1. Competency GC
2. Interest GI
3. Relevance GR

FEHR-PRACTICUM Product ‘ | .
Rating Sheet (PRS) ” As above As .above  Dep. Var.

Figure 4.8. Variables Measured at Each Observation Time.
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The degree of FEHR exposure involved in the various treatment com-

binations is expressed symbolically below. For convenience, we

have ignored the first five-week control treatment administered
to everyone at the beginning of the experiment.

XO < X.l < X2 < X3 < X4
The corresponding relationship among observation sets is giVen by:

$t ; 0, < 022 <0

21 23 < 037 < 0gy < 044

The specific hypotheses to be tested in this study can be gen-
erated by stating each of the first five objectives as a major sub-
stantive hypothes1s, specifying the scales which Operat1ona11y de-
fine the dependent variables of interest, and then stating the
specific hypotheses as expected relationships among the means of
observation sets for each scale. The scale symbol is subscripted
to identify the observation set as described in the design, and &
bar over a symbol signifies the mean score of the observation set
concerned.

From objective one it was hypothesized that an increased ex-
posure to FEHR would produce a monotonic increase in achievement
and perceived achievement. Achievement at observation time two
was operationally defined as the total score on the final exami -
nation (FT). Perceived achievement at both times two and three
was=defined as the mean competency scale (MC) from the SARES in-
strument

The immediate effects of the exper1menta1 treatment cou1a be= ?m

‘asspssed by comparisons within time two. If the accured advantage

per isted into the next term, one would expect a simiiar trend
among the difference between time three and time tw° scores (DC).
(The MC scores from time three reflect both time two and time three

differences: iherefore, the difference score was used.) Finally,

if the trend continued one would expect a monotonic increase in MC
scores with increased experience over the whole experiment: 1i.e.,
over both time two and three. However, the design. did not protect
against the spurious &i'tects of repeated testing: consequently,
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support of the first two hypotheses and non-support of the overall
trend would not constitute a negative finding. On the other hand,
a consistent monotonic increase would tend to be supportive of the
underlying tHeory. -

Summarized symbolically by scales, the four hypothesized re-
lationships were:

1 FTZ'I < FTZZ < FT23

ﬁcal < DC3p < Dlyg

(
(
(
(4) MCpy < MCop < Mlyz < MCyy < MC5, < MCyg

)
2) WMCyy < MCyp < MCpq
3)
4)

From objective four it was hypothesized that at time two an
increased exposure to FEHR would produée a monotonic increase of
interast in research and research methods as measured by the MI
scale {izan of all the interest ratings) on' the SARES instrument.
A similar increase in the time three minus time two difference
scores (DI) was hypothesized. In addition, it was hypothesized
that MI scores would show a monotonic increase with FEHR exposure
over the entire experiment. However, MI scores, like MC scores
are subject to the effects of testing. Again, non-support of the
overall trend would not by itself constitlte negative evidence.
Summarized symbolically by variable, the hypothesized. relations
were:

(8) MLy < WLy, < MIyg

(6) DIy < DIy, < DI4q

(7) WIpy < Ml < WIpg < Mgy « MT32_ < M55

From objective five it was hypothesized that an increased ex-
posure to FEHR would produce a monotonic increase in the perceived
relevance of research as measured by the MR subscale (mean of all
importance ratings) from the SARES instrument at time two and a
similar monotonic increase in time three minus time two difference
scores (DR). It was also hypothesized that there woild be a mono-
tonic increase in MR over both time periods; However, because of
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the poss1b1e effects -of test1ng, hon-support of the 1ast hypothesis
would not by 1tse1f constitute negative evidence. Summarized sym-
bo11ca71y by variable, the hypothesized relations were:

(8) MR,y < MRy, < MR,
(9) MRy < MRy, < MR33
(10) MRy < MRpp < MRy3 < MRy < Ry, < R,

- From objective two it was hypothesized that an increased ex-
posure to FEHR would produce a monotonic increase in the quality
of proposals and dissertation as measured by the CP and CR score
patterns from the product rating sheet. The CP pattern for each
individual consisted of the scores on each of the sections commonly
assigned for proposals (IP, CF, M, GE), and the CR pattern con-
sisted of the scores on all sections commonly assigned for a final
report (IP, CF, M, RC, GE). Summarized symbolically by patterns,
the two thothes1zed multivariate relations were:

(1) Ty < Tpg < Ty < a’—az‘ <

33
' (12) tfﬁ <CR_ <'C'R' <C'R-

33

From obJect1ve threA it was hypothesized tiat an increased ex-
posure to FEHR would produce a monotonic increase in the quality
of field study des: gns" Quality of design was operationally de-
fined by the method (M) scale from the product rat1ng sheet. Sum-
marized symbo11ca11y, the hypothes1zed reiation was:

(13) Wy < Wyy < Wy < Wy, < My,

Analytic Plan. The data analysis was conducted in two parts.
First the data from time two was analyzed to test the direct effects
of the experimental laboratory sess1ons, and then the data from both
times two and three was analyzed to test for pervasivye overa]] trends.

'~{”;;e. Analyses of Semester One Scores ( 0 _) Four scales were ana-
lyzed at time two: FT, MC, MI, and MR. The FT scores which repre-~
sented achievement were analyzed separately from the three scores
from the SARES instrument because of the different scales involved.
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In both analyses the scores on the first examination (FE) were used
as the covariate to correct for initial di fferences in statistical
ability. The monotonicity hypothesis was tested in cack gaog Ly
two planned tests on trends: a test of linear trend and a test of
non-linear (curvelinear) trend. Al1l analyses were conducted by

‘Vcomputer using the fully, documented Michigan Interactive Data Ana-

lysis System developed and tested by the Statistical Research Lab-
oratory at The University of Michigan. The steps followed in con-
ducting each analysis are specified below:

1. FT Scores. An analysis of covariance of the FT scores
stratified by exposure Tevels was conducted, followed by
“orthogonal contrasts to test for linear and curvelinear
trends in means with increasing FEHR exposure.

2. 'SARES Scores. Only the three grand-mean scales (MC, MI,
and MR} were analyzed. The first step was tg compute a
profile analysis to test whether the score profiles were‘
parallel for the three exposure groups.

Since ne1ther a covariance analysis nor ‘orthogonal
compar1sons were available in the profile analysis, the
three variables were entered-into separate analyses of

“covariance followed by orthogona] tests for linear and
non-1inear trends. -

3. Qverall Analysis. Obviously, multivariate procedures were
most appropriate for analyzing both the SARES scales and
the multiple dependent variables derived from the product
rating sheet (PRS). However, multivariate. procedures for
analyzing repeated blocks of measures were not available.
Consequently .we were forced to choose one of two alter-
native procedures. We could either analyze via a series
of univariate analyses of covar1anc~, or we could ignore
the repeated measures aspect (from:time two to time three)
and conduct a multivariate analyses.. Either procedure
could be followed by orthogonal tests for linear and non-
Tinear trends. . According to our plan, the former pro-
cedure was to be used if the covariate correction for time
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two scores proved to be significant (p > .05), and the
latter was to be used if it was not significant. Since
the covariate did not significantly affect the results.
at time two, only multivariate procedures will be de-
scribad here. '

Either of the analytic procedures outlined above lose
statistical power with small N's -- particularly the multi-
variate analyses. Consequently, it was deemed advantageous
to pool subgroups into larger units. - Four groups were
formed on the basis of similar FEHR exposure: (1) no ex-
perience (0,y), (2) one first-semester experience (0,, and
023), (3) an intensive second-semester experience following
either no experience or a restricted experience during the
first semester (031a’ O31p % 032), and (4) an ‘intensive ex-
perience fo1]owing an extensive first-semester experience
or two intensive second-senester éxperiences (0 0

O33¢» 0334 O33e)-

It was recognized that in pooling the new (656 stu-
dents with groups (3) and (4) we were assuming that their
prior experience was at least equivalent to that of the .
control group from C655. However, this did not seem an
untenable assumption.

33a’ "33b°

The steps followed in analyzing earh variable aye de-
scribed below: ' '

SARES Scores. Since the MC, MI, and MR scores were
commensurable, the multivariate procedure of choice
was a profile analysis. As before, a profile analysis
in which the hypothesis of parallel treatment profiles
was not rejected was followed by a univafiate analysis
of the sum scores (MC + MI + MR) with planned orthog-
onal .contrasts to test for linearity and for sys-
tematic differences between the control group and the
averaged experimental groups. Significant overall
tests were to be followed by three univariate analyses
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of covariance with orthogonal contrasts to test for
linear trend and for systematic differences between -
control and experimental groups.

PRS Scores. The six Scores which were derived from
elements of final reports which had been assigned to
all FEHR groups (IP, CF, M, RC, GE) were analyzed by

a multivariate analysis of variance followed by orthog-
onal contrasts to test for linear and non-linear trends
for three variable combinations: (1) all variables
equa]]y weighted, (2) equal weights on the variables
common to both proposals and final reports (IP, CF,

M, GE), and (3) unit weight on the method variable

but zero weight on the remaining variables. These
contrasts constitute tests within the multivariate
model of the last three hypotheses.

Results

The results are presented in two sect1ons, as spec1f1ed above
First we will analyze time two data tc determine the: short term
effects of FEHR, and second we will ana]yze data gver the entitre
experiment. Within each section, results are presented in order
of the hypotheses with which they are associated.

Results for 0 Analysis. The time two resuits are organized
into two parts: a ur1var1ate analysis ot covariance (ANCOVA) of
the FT scores, and a multivariate analysis of the SARES scores.

1. ANCCVA of FT. The summary of the analysis of covariance
of the FT scores appears in table 4.1. It was observed
that both the original means and the adjusted means in-
creased monotomically with increased exposure to FEHR,
although the differences among adjusted means were some-

~what smaller. The test for a linear trend among the ad-
justed means was quite significant (p = .0228), but the
test for a non-linear trend was not (p = .1458). The
results were interpreted as unequivecal ‘support for the
hypothesized monotonic increase in ach1eVement with in-
creasing exposure to FEHR.
- 170
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TABLE 4.1, ANALYSIS OF COVARIANCE OF FT SCORES
USING E1 AS CQVARIATE

SUM OF MEAN

157

Source DF SQUARES SQUARE F-STAT. SIGNIF,
Equality of

Adj. Cell Means 2 1672.7 836.36 6.854 .002
Zero Slope 1 2639.5 2639.5 21.631 .000
Error 49 5979.3 122.03
Equality of Means

(w/o Covariates) 2 2330.3 1165.2 6.759 .002
Error 50 8618.8 172.38

TABLE OF COEFFICIENTS
Covariate COEFF. : STD. ERROR T-STAT. SIENIF.
El 1.103 .237 4.650 .G00
TABLE OF MEANS
Exposure Level (1) (2) (3)
‘Mean 56.600 68.545 73.333
Adj. Mean 57.470 68.600 69.508
(Std. Error) 2.217 2.355 4 584
Intercept 16.775 27.906 28.814
Sample Size 25 22 s
COMPARISON VALUE
TESTED 0BSERVED T-STAT. SIGNIF.
Linear Trend 12.039 2.350 022
Curvelinear Trend- -10.223 -1.478 .145
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2. Profile Analysis of SARES Scales. The resu]té of the pro-
file analysis of the MC, MI, und MR scales from the SARES
instrument appear in table 4.2. It q%§¢ob;grygd_;hgt the
means of the MC scores were in the pféﬁ{5£é&'6%der of mon-
otonic increasz, but that group 1 scored higher than
group 2. on both the MI and MR scales. The differences
in group profiles were not found to be significant (p > .05),
but there were significant differences among the means of '
variables averaged over groups (M = 3.0154, MI = 3.6298,
and MR = 3.6181), and significant differences among groups
averaged over variables (GT = 3.3789, @2 = 3.0810, and
G3 = 3.8034).

For reasons described previously, the effects of vari-
ables within the profile analysis were testad by separate
univariate ANCOVA's of each variable. The results of these
anaiyses appear in tables 4.3, 4.4, and 4.5. It was ob- "
served that there was a significant linear trend for and
no curvelinear trend for MC scoreé,,but that for both MI
and MR scores the non-linear trend was not significant, Put
another way, the group 2 mean was significantly lower than the
average of the group 1 and 3 means for both these variables.
Although the observed value of the group 2 mean was lower
than the group 1 mean for both scales, rneither of these
differences was statistically significant (p > .10).

Results of Overall Analysis (Observation Times 2 and 3). The
analysis of overall results is organized in two parts. First a pro-
file analysis of the mean coinpetency (MC), mean interest (MI); and
mean relevancy (MR) scores derived from the Self Assessment of Re-

-~ gearch and Evaluation Skills (SARES) instrument was conducted. B
Second, a multiple analysis of variance (MANOVA) of the scales de-
rived from parf B of the product rating sheet was conducted. Since
a fcoual review of the research, a budget, 'and a logistical plan
were explicitly excluded from some of the FEHR assignments, the RC

~and LG scores were excluded from ana]ysié. The scores analyzed
were: IP (introduction and problem statement), CF (conceptual frame-
work or theory), M (method), RC (results and conclusions), and GE
{general evaluation). A1 79 |
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VARIABLE

TABLE 4.2. PROFILE ANALYSIS OF SARES SCORES AT TIME 2

TABLE OF MEANS

VariabTe

Variable Group 1 Group 2 Group 3 Means

MC 2.783 2.793 3.469 3.015

MI 3.684 3.301 3.903 3.629

MR 3.669 3.148 4.037 3.618
Group Means 3.378 3.081 3.803 3.421

GRAPHICAL DISPLAY OF PROFILES
_ Exrg
MC CONTRoL Fpp 'S 1VE
(3
MI FE,
MR
L . tommmmeam tocmmmman Fommmm——— Fommmaoee S
2.75 3.00 3.25 3.50 3.75 4.00
MEAN SCORE
PROFILE.ANALYSIS

Tests on Groups ~ T-SQUARE F-STAT. DF  SIGNIF.
Parallelism of Profiles Max. Rost=  ,096 2,-.5,23.5 NS@.05
Equality of Variable Means 61.029 © 29.904 2 ,49 .000
No Group Differences 3.641 2 ,50 .033
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TABLE 4.3. ANALYSIS OF COVARIANCE OF MC WITH E1 AS COVARIATE

SUM OF MEAN

Scurce DF SQUARES SQUARE F-STAT. SIGNIF.
Equality of .

Adj. Cell Means 2 2.976 1.488 3.973 .025
Zero Slope 1 .901 .901 2.405 127
Error 49 18.354 374
Equality of Means

(w/o Covariates) 2 2.476 1.236 3.210 .048

Error 50 19.255 .385

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR  T-Si.i;. SIGNIF,
E1l . -.020 .013 -1.551 127

TABLE OF MEANS

Exposure Level (1) (2) (3)
Mean 2.783 2.793 3.469
Adj. Mean 2.767 2.792 3.540
(Std. Error) - 122 J30 .253
Intercept : 3.519 3.544 4,292
Sample Size 25 . 22 6
COMPARISON VALUE .
TESTED OBSEKVED T-STAT. SIGNIF.
Linear Trend 72 2.723 ~.008
Curvelirear Trend .723 1.887 .065
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TABLE 4.4. ANALYSIS OF COVARIANCE OF MI WITH E1 AS COVARIATE

SUM OF MEAN

Source DF SQUARES SOUARE F-STAT, SIGNIF.
Equality of . - o

Adj. Cell Means 2 2.636 1.318 2.864 .066
Zero Slope 1 .763 .763 1.659 .203
Error 49 22.545 .460
Equality of Means :

(w/o Covariates) 2 2.852 1.426 3.059 .055
Error 50 23.308 . 466

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT, SIGNEF.
E1 .018 ‘ 014 1. 288 . .203

TABLE OF MEANS

Exposure Level (1) _ (2) (3)
Mean 3.684 3.301 3.968
Adj. Mean 3.699 3.302 3.903
(Std. Error) 136 144 .281
Intercept 3.006 2.610 : 3.211
Sample Size 25 22 6

COMPARISON VALUE
TESTED OBSERVED T~STAT. SIGNIF,
Linear Trend ‘ .204 .649 .518
-Curvelinear Trend ,996 2.347 .023
—/-H’_‘/; ‘
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2.474

TABLE 4.5.  ANALYSIS OF COVARIANCE OF MR WITH E1 AS COVARIATE
SUM OF MEAN

Source DF SQUARES SQUARE F-STAT: SIGNIF,
Equality of ' :

Adj. Cell Means 2 4.856 2.428 3.177 .050
Zero Slope 1 .892 .892 1.167 .285
Error 49 . 37.445 .764
Equality of Means

(w/0 Covariates) 2 5.172 ~2.586 3.373 .042
Error 50 38.338 .766

TABLE OF COEFFICIENTS
Covariate COEFE. STD. EPROR  T-STAT.  SIGNIF.
El .020 .018 1.080 .285
TABLE OF MEANS

Exposure Level (1) (2) (3)
Mean 3.669 3.148 4.037
Adj. Mean 3.685 - 3.149 3.966
(Std. Error) .175 .186 .362
Intercept 2.936 2.400 3.218
Sample Size 25 22 6
COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF
Linear Trend .28] 694 .490
Curvelinear Trend 1.354 Q016
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The results of the two analyses are presented in the order
mentioned.

1. Profile Analysis. The resuits of the profile analysis of
the MC, MI, and MR scores appears in table 4.6. The pro-
files of the four groups formed by pnoling students with '
similar laboratory experience were compared. Group 1 had
no FEHR experience, group 2 had one first-term experience,
group 3 had one intensiva second-term experience, and
group 4 had two or more intensive experiences in the two-
term interval.

It was observed that the grcup means for the MC scores
increased in the order 1 2 3 4, and the MI scores in the
order 2 1 3 4, and the MR scores in the order 2 3 1 4.
Since there was a significant departure from parallel pro-
files, analyses of variance with planned tests for linear
and curvelinear trends were conducted separately for each
variable. The results of these analyses appear in tables
4.7, 4.8, and 4.9. It was observed that.there was both
significaﬁt linearity and curvelinearity for the MC scores
(the latter being dus to the 3-4 reversal). However, post-
hoc comparisons failed to produce significant differences
between the MC means for groups 3 and 4 (p = .5395), the
MI means of groups 1 and2 (p = .1774), the MRmeans for
groups 1 ard 2, or 1 and 3 (p = .1413 and .8270 respec-
tively). For the MI and MR scores, there was not signif-
icant linearity but there was significant curvelinearity.

2. MANOVA of PRS Scales. The IP, CF, M, RC, and GE scales
were analyzed by multivariate analysis of variance. The
first step was to determine ithether the new C656 students
could leg'iimately be pooled with groups 3 and 4. To
answer this question, a multivariate analysis of variance
was run to compare the scores of groups 2, 3, and 4 from
the original C655 students (group 1 did not appear because ‘
the control groups completed no projects) with those of
new subjects in groups 5 and 6. The results of the MANOVA
appear in table 4.10.
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TABLE 4.6.  PROFILE ANALYSIS OF SARES SCORES FOR GROUPS POOLED
OVER TIMES 2 AND 3

TABLE OF MEANS

: Variable
Variable Group 1 Group 2 Group 3 Group 4 Means
MC 2.783 2.962 3.277 3.157 3.045
MI 3.684 3.439 3.826 4,180 3.782 .
MR 3.669 3.325 3.620 . 4.066 3.670
Group Mzans 3.378 3.242 3.574 3.801 3.499
GRAPHICAL DISPLAY OF PROFILES
MC (:2___£§2::::=£:2__£§2:::::>-_“& .
MI . j@ 1 3 (4
z @ o
S S . Fommm—m Fommm——— Frmmmme e
2.75 3.00 3.25 3.50 3.75 4.00
MEAN SCORE
PROFILE ANALYSIS
Tests on Groups T-SQUARE  F-STAT.  DF  SIGNIF.
Parallelism of Profiles Max. Root= .139 2,0.,46.5 .023
EquzTity of Variable Means 127.48 63.074 2 ,95 .000

No Group Differences 3.321 3 ,95 - .023
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TABLE 4.7. UNIVARIATE ANALYSIS OF VARIANCE GF MC

, SUM CF MEAN
Source DF SQUARES SQUARE F-STAT. SIGNIF.
Between 3 3.787 1.262 3.006 .034
Within 96 40.315 .419
Total 99 44.103

Equality of Variances: OF = 3,14778. F = .175 Signif. = .912

EXPOSURE LEVEL N MEAN VARIAMCE STD. DEV.
1 25 2.783 .417 646
2 27 2.962 420 648 T
3 3] 3.277 .465 1682
4 17 3.157 .335 .579
&
COMPARISON VALUE
TESTED 0BSELYED T-STAT. SIGNIF.
Linear Trend | 1.047 2.313 | .022
Curvelinear Trend 1.437 . - 2.265 .025
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TABLE 4.8.

UNIVARIATE ANALYSIS OF VARIANCE QF ‘MI

SUM OF MEAN

Source OF SQUARES SQUARE  F-STAT. SIGNIF.
Between 3 6.044 2.014 4.781 .003
Within 96 40.456 421
Total 99 46.501
Equality of Variances: DF = 3,14778. F = 1.565 Signif. = .195
EXPOSURE L EVEL N MEAN VARIANCE STD. DEV.

1 25 3.684 .505 711

2 27 3.439 .509 713

3 31 3.826 .398 .632

4 17 4,180 .193 .439
COMPARISON VALUE ' :
TESTED QBSERVED T-STAT. SIGNIF.
Linear Trend .393 .867 .387
Curvelinear Trend - 1.87¢ 2,951 .004
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TABLE 4.9.  UNIVARIATE ANALYSIS OF VARIANCE OF MR

SUM -OF MEAN

Source DF SQUARES SQUARE  F=SiAT. ~ 'SIGNIF.
Between 3 5.773 1.924 2.766 .046
Within 96 66.795 .695

Total ‘ 99 72.568

Equality of Variances: DF = 3.14778. F = .994 Signif. = .394

EXPOSURE LEVEL N MEAN VARIANCE STD. DEV,

1 25 3.669 .876 936

2 27 3.325 .803 -896

3 31 3.620  .606 1778

4 17 4066  .416 645
COMPARISON VALUE ~
TESTED OBSERVED ° T-STAT, ~ SIGNIF.
Linear Trend 004 007 .994
Curvelinear Trend 1.485 1.818 - .072

1381
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TABLE 4.10.  RESULTS OF THE MULTIVARIATE COMPARISONS OF PRODUCT RATINGS
FOR ORIGINAL C655-C656 AND NEW €656 SUBJECT GROUPINGS

MULTIVARIATE ONE-WAY ANALYSIS OF VARIANCE: OVERALL TEST

Equality of Group Means: DF = 20,269.60 F = 3.599 SIGNIF. = .000
Alt. Test of Equality of froup Means: Max. Root = .586 SIGNIF. = ,000 -

TABLE OF MEANS

Original C655-C656 Subjects New C656 Subjects
Group - (2) (3) (4) (5) (6)
FEHR Exp. (he: C655 One: C656 Two: C656 One: C656 Two: C656
IP 9.909 11.032 13.118 10.364 13.444
CF 8.590 9.354 10.176 8.181 12.778
M 24.364 28.323 28.529 26.818 27.889
2o 23.636 26.258 30.294 28.909 27 .556
GE 8.454 12.387 14.529 10.364 13.556
Sample Size 22 31 17 11 9

PAIRWISE ANALYSIS WITH UNIT WEIGHT ON ALL VARIABLES

OBSERVED CRITICAL VALUES
COMPARISONS VAL UE SIG. = .05 slIG. = .01
Group 2 vs. Group 3 -12.400 20.098 . 22.634
Group 2 vs. Group 4 -21.693 23.281 26.219
Group 2 vs. Group 5 - 9.681 - 26.623 29.983
Group 2 vs. Group 6 -20.268 28.527 32.127
Group 3 vs. Group 4 - 9,292 21.758 24 .504
Group 3 vs. Group 5 2.718 25.302 - 28.495
Group 3 vs. Group 6 - 7.867 27.299 30.743
Group 4 vs. Group 5 12.011 - 27.898 31.418
Group 4 vs. Group 6 1.424 22.720 33.470
Group 5 vs. Group 6 10.586 32.405 36.494
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TABLE 4.11.  RESULTS OF THE MULTIVARIATE ANALYSIS OF VARIANCE
' OF _PRODUCT RATINGS FOR POOLED GROUPS " -

Equality of Group Means: DF = 10,166.00 F = 5.725 SIGNIF. = .000
Alt, Test of Equality of Group Means: Max. Root = .528 SIGNIF. = .000

TABLE OF MEANS

Exposure Level (2) (3) (4)

IP - 9.909 10.857 13.231
'CF 8.590 9.047. 11.077
M 24 .364 27.929 28.308
RC 23.636 26.952 29,346
GE _ - 8.454 11.857 14.192
Sample Size 22 42 26 - ..

Analysis 0t Trends For The Finai Report Combination: Unit Weight On
Each Variable

COMPARISON | OBSERVED CRITICAL VALUES
TESTED VALUE SIG. = .05  SIG. = .0l
Linear Trend 21.199 17.589 20.275
Curvelinear Trend - 2.177 25.699 29.624

Analysis Of Trends For The Proposal Combination: Unit Weight On A11
Variables But RC, Which Was Given Zero Weight ~

CRITICAL VALUES

COMPARISON OESERVED
- TESTED © VALUE SI6. = .05  slIG. = .01
Linear Trend 15.490 12.107- 13.956 ‘
" Curvelinear Trend - 1.255 17 .691 20.392
Linear Trend Compbarison By Variable
IP 3.341 2.559 2.950
CF : ' - 2.486 5.101 5.880
M 3.944 5.018 5.785
RC , 5.709 7.948 9,162
GE 5.737 . 3.570 4.115
Curvelinear Trerid Comparison Ey,Variab1e
IP ~1.425 3.739 4.310
CF : 1.57¢ 7.454 8.592
4 B - 3.185 7.333 : 8.453
RC - .922 11.614 13.387

GE - 1.067 5.217 6.013
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It was observed that the prospective pociing pairs
(groups 3 and 5 and groups 4 and 6) were quite simile .
With unit weightsﬂon each of the five variables the ob-
served value of T° for each of these comparisons was less
than one-tenth the critical value for significance at the
.05 Tevel., It was concluded that the new students in
groups 5 and 6 could legitimately be pooled with groups 3
and 4 respsctively,

The mu: .. -Yate analysis of variance of the product
ratings for thi: pooled subject groupings appears in table 4.11.
It was observed that for all variables there was a uniform
increase in the mean with an increase in FEHR experience.

Y
4

Subsequent tests for.linear and curvelinear trends were s
performed for a final report combination using unit weights i
on all variabies ana a proposal combination which used unit
weights for all propo:al variables (i.e., IP, CF, M, and GE)
and zero weights for ail other variables. In addition,

tests for trend were run on each marginal; that is, for

each variable separately. It was observed that the linear
tests reached significance for the IP and 4E variable:,

and yielded substantial positive values fe¢r 211 othar uari-
ables. The T2 values for curvelinear *ests were gererally
smaller, and all were non-significant. It was concluded

that there was a uniform linear increase in all five pro-

ject rating scores with increased exposure to FEHR-PRACTICUM.

Summary of Experimental Evaluation Results : N

The data from the experimental evaluation Uniformly supported
the hypothesized muhotonic increase with increased FEHR experience
for achievement (FE scores), and project ratings (IP, CF, M,RC, and
GE scores. The results for perceived achievement agreed with this
pattern except for a small but insignificant decrease from exposure
leve: 3 to level 4, | |

A curvelinear relationship was found for bofhxinterest in re-
search (MI scores), and the perceived relevance jmportance of
vesearch (MR scores). For thiese scores (Mi and MR), & short or
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restricted exposure tended to produce somewhat Jess interest- than
the control condition. But with increased exposure the scores
equalled, then exceeded those of the controls. Although the patterns
were similar, this tendency was considerably stronger for interest
(MI) than for relevancy (MR) scores.

STUDY TWO: FIELD TRIALS

The data from the experimental evaluation (study one) pre-
sented previously was merged with data from the field trials at the
University of Michigan-Flint Co]]ege, Indiana University, Michigan
State University, Ohio Ztate Unjversity, and Western Michigan Uni-
versity to form the data base for study two.

Purpose. The specific purpose of study two was to determine
whethgr the monotonic increases in achievement and interest which
Wefé:FdUnd in the relatively controlled cunditions of the experi-
mental evaluation could be generalized to sites other than the Uni-
versity of Michigan and for purposes other than the "stat-lab® role
investigated in study one. In particular, we wished to answer these
critical questions:

(1) Is there a systematic relationship between the degree of
exposure to FEHR and the following: {a) project quality,
(b) perceived achievement, and (c) attitude towards research?

(2) Are all problems equally effective?

(3) How do the three class tyves (general research methods,
research methods for specialized content, and in-service
workshops)_compare in terms of project quality, nerceived
achievement, and research attitude?

(4) 1Is FEHR more effective for teaching general research methods
when it is integrated into course content than when it is
. used as an independent laborativiy experience.

Method
Subjects. The subjects for the field evaluation consisted of
students .from all twenty claires described in the general description

at the beginning of chapter IV. For purpose of this overall eval-
uation there was no random sampling: all classes were sampled as
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intact groups. It was assumed that<£hese classes were reasonably
rapresentative of both full-time and part ~time (in ser~1ce\ students
in graduate education.

Treatments. The treatments to be compared consisted of the
four classroom classification dimensions listed under treatments in
figure 4.9. The full title for each dimension is listed below in
order of tabular appearance, with the keyword from the table heading
underlined: (1) degree of exposure to FEHR, (2) problem content,

-~ (3) type of class, and (4) degree of integration between class con-
“tént and the FEHR project assigned. Detailed descriptions of each

class and the rationale behind each classification system were given
in the subjects section at the beginning of chapter IV. A brie®
summary. of each traez .ment classification is provided in context with
the design.

Resign. The four--treatment dimensions were the only factors
to be studied in the field evaluation of FEHR. The +>:tors and the
number of levels in each were: exposure, with five izveis; problem,
with eight levels; type, with three Tevels; and integration, with
two levels., Obviously, the 240 cells neede: for a complete fac-
torial design were beyond the scope of the study. Because of the
breadth of choice required by off-campus users as a condition of
participation, even a balanced incomplete-blocks design became im-
possible. The alternative strategy was to treat each dimension as
a separate intact-groups experiment, and attempt to control statis-
ticai]y for variations attributable to the other factors was also
rejected. Because of many empty datum ce]]s, it was 1mposs1b1e to
use analysis of covarlance for this .purpose.

As a result of these restrictions, the following compromise
strateqy was developed. Wherever there was sufficient redundancy
to permit it, the evaluation of a factor would be conducted at a
single level of the other factors. The means from these single
level evaluations could then be used as povariates in the analysis
of factors for which single levei evaluation was not possibie. Since
this strategy, in effect, creites four different designs ec h naces-
sitating a different analytic plan, the remainder of this sectiown i3
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organized by factors. For each factor we will present: (1) a brief
description of the various levels of the factor, (2) a summary of
the data to be analyzed, (3) specific hypotheses, {4) an analytic
plan, (5} the results of the analysis, and (6) a brief summary state-
mant,

Factor One: Exposure Level

Description. The degree of e:nosure in figure 4.9 combines the
complexity/difficulty (pattern of FEHR tasks assigned) with the num-
ber of exposures, and the total duration of exposures to form pooied
groups similar to those used in the experimental evaluation. However,
in this study there were two control groups: subjects who had no
training in research design and statistics, and subjects who had
taken a statistics course other than those involved in FEHR. The
five exposure levels, in ascending order of experience with FEHR

“wWere:

(1) Subjects in this level had no experience with FEHK or a
research design/statistics course.

(<, Subjects in this level had no experience with FEHR, but
at least one experience in a research ‘design/statistics
course which was not associated with FEHR or members of
the FEHR-PRACTICUM project.

(3) Subjects in this level had experienced a one-semester FEHR
project’-- usuaily somewhat restricted. It frequently re-
quired a proposal, but usually without a budget or funds
negotiations. A final réport was required. It usually
consisted of a problem Statement, a simplistic conceptual
framework, a fairly complete method section, a summary of
results and conclusions, and a recommended decision with
supporting rationale., Subjects from the restricted level
of the experimental evaluation study were classified in
this level for purposes of the field cctudy. Most subjects
in this level had no prior statistical training.

(4) - Subjects in this level had experienced a cne-semester in-
tensive FEHR project requiring both a formal proposal and
~a firal report. Both documents were comprehensive in
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coverage, but there was a lTimited review of the literature
section ~- usrally only the studies provided in the in-
formation bank were assigned. It is noteworthy, however,
that ¢<.me students in these classes went w2li beyond the
requiremants, and one or two completad very comprehensive
reviews. Both the extensive and intensive treatment jevels
from the experimental evaluation study were included in
this levei of the field evaluation. About half of the sub-
jects in this level had cne semester of prior ¢ .cistical
training.

(5) Subjects in this level had experienced either two or more
FEHR projecté, usually (but not always) over a two-semester
period, or else one fully integrated FEHR project at the
first-semester level (i.e., to statistical novices). The
onTy fully integrated projects in the study occurred in
the €655 class conducted during the fall semester 1973 at
the Uhiversity of Michigan. For subjects completing two
projects, at least one must hav- been conductad at the in-
tensive level. Subjects from the extensive/intensive level
of the experimental evaluation were included in this level
of the field study. About haif the subjects at this level
had one semester of prior statistical training, and half
had no prior traininjg.

Data Matrix. The data sets to be analyzed across exposure groups
are summarized in figure 4.10. A key to the meaning of each symbol
- appears in the bottom cell of the figure.

Missing data sets occurred wherever the measures Were undefined
for the group concerned. Obviously, proposals were not available
for cbntro]_subjects with no research experience (group 1). However,
proposals were available for the small subset of the experienced
controls (group 2) who had written a dissertation proposal. On the
other hand, final reports were-not available in either control group.
Similarly, the GA ratings for groups 1 and 2 are missing because the
~goals being rated were irrelevant for the control classes.
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Hypotheses. The hypotheses to be tested are listed in order
of the variable listing from left to right in figure 4.10.

(1) Py < Py < Py < P5

(2) Fy<Fy<ig

(3) GA; < GA, < GA

(4) I] < I2 < I3 < 14 < I5

(5) D.I < DZ < D3 < D4 < DS

A brief summary statement which attempts to integrate and/or

reconcile the multivariate and univariate results is provided for
each variatle set.

Results for Project Report Variables. The results of the multi-
variate analysis of variance of the proposal variables appear in
table 4.12. It was observed that the linear trend was significant
for the entire variable set and for each of the individual variables
except IP, and even there the observed contrast value was very near
to the critical value at the .05 level of significance.

The results of the univariate analyses of covariance for each
variable individually appear in tables 4.13 to 4.16. it was observed
that a linear trend was maintained for each variable except the M
ratings, in which the adjusted mean level 4 mean was slightly higher
than that of level 5.

The analysis of covariance for the PC ratings appears in table 4.17.
A zignificant linear trend was observed, and a non-significant curve-
Tinear trend. The analysis of covariancaz for the FC scores appears
in table 4.18. Again. a highly significant linear trend (p = .004)
and a non-significant curvelinzar trend were observed. The pattern
of mean scores for the composite final report ratings was entirely
consistent with the pattern for proposal ratings.

It was concluded that the overall pattern of rasults supported
the hypothesis there was a monotonic increase in proposal ratings
with increased exposure to FEHR. The results also indicate th:t
subjects given two or more exposures to FEHR obtained proposal ratings
which were at least as high as the ratings of the dissertation pro-
posals in control group 2. 191
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TABLE 4.12.  RESULTS OF THE MULTIVARIATE ANALY3IS OF VARIANCE
OF PROPOSAL RATINGS STRATIFIED BY EXPOSURE LEVEL

Equality of Group Means: DF = 12,547.96 F = 5.510  SIGNIF. = ,000
Alt. Test of Equality of Group Means: Max. Root = .251 SIGNIF. = .000

TABLE OF MEANS

Exposure Level (2) (3) (4) (5)
IP 14.667 11.6C0 11.119 13.226
CF 11.778 §.745 8.976 14.962
M 14,778 24.191 26.000 30.755
GE . 10.667 10.618 10.810 13.962
Sample Size S 110 42 53
OBSERVED CRITICAL VALUES
VALUE SIG. = .05 SIG. = .01

Comparisons For The Entire Set With Unit Weights On Each Variable
Control vs. Experimental

(Level 2 vs. 3, 4, & 8) 23.298 £9.906 69.265
Linear Trend -

(Levels 3, 4, & 5) 17.751 9.930 11.293
~urvelinear Trend

(Levels 3, 4, & 5) 14.251 3 20.845 23.706
Control vs. Experimental Comparison By Yariable
IP - 8.054 12.638 14 .373
CF - 2.649 22.608 25.711
M _ 36.612 25.563 29.077
GE . 3.390 16.779 - 19.082
Linear Trend Comparison By Variable (Group 2 Omitted)
IP 1.62€ 2.060 2.343
CF 6.216 3.686 4.192
M 6.563 4.168 4.740
GE - 3.344 2.735 3.111
Curveiinear Trend By Variable (Group 2 Omitted)
IP 2.588 4.325 4.919
CF 5.755 7.737 8.799
M : 2.945 8.750 9,951
¢ 2.961 5.742 €.530

— =
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TABLE 4.13.. ANALYSIS OF COVARIANCE OF IP RATINGS STRATIFIED BY
EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

sUM OF MEAN

Source DF SQUARES SQUARE F-STAT, SIGNIF.
Equality of

Adj. Cell Means 2 105.96 52.982 5.469 -.004
Zero Slope 2 44 241 22.120 2.283 .104
Error 200 1937.3 9.686
Equality of Means

(w/o0 Covariates) 2 174.59 87.294 8.898 .000
Error 200 1981.6 9.809

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR  T-STAT. SIGNIF.
Class Type .089 - .044 1.991 .04a7
Integration Level .344 .506 .679 .497

TABLE OF MEANS

Exposure Level : (3) (4 , (5)
Mean . 11.614 11.119 13.435
Adj. Mean 11.680 11.196 13.276
(Std. Error) .31 514 .429
Intercept 5.923 5.438 7.518
Sampie -Size 101 42 62
COMPARISON VALUE

TESTED OBSERVED ~ T-STAT, SIGNIF.
Linear Trend 1.595 2.958 .003
Curvelinear Trend 2.564 2.143 - .033
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TABLE 4.14.

EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

ANALYSIS OF COVARIANCE OF CF RATINGS STRATIFIED BY

SUM OF MEAN

Source DF SQUARES SQUARE F-STAT. SIGNIF.
Equality of

Adj. Cell Means 2 320.57 160.29 7.162 .001
Zero Slope 2 1765.1 882 .54 39.435 .000
Error 200 4475.9 22.380
Equality of Means

(w/o Covariates) Z 1335.1 667.54 21.606 .000
Error 202 6241.0 30.896

TABLE OF ZOEFFICIENTS
Covariate COEFF. STD. ERROR T-STAT. SIGNIF.
Class Type .205 ' .068 3.010 .00z
Integration Level 6.313 .769 8.202 .000
TABLE OF MEANS
Exposure Level (3) (4) (5)
Mean 8.930 8.976 14.500
Adj. Mean 9.375 - 11.128 12.317
(Std. Error) .473 .781 .652
Intercept -11.744 -9.991 -8.802
Sample Size 101 42 62
COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF.
Linear Trend 2.94] 3.588 .000
Curvelinear Trend - .563 - .31C .756
1954
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TABLE 4.15.  ANALYSIS OF COVARIANCE OF M RATINGS STRATIFIED BY
EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

SUM OF MEAN
Source DF. SQUARES ~ SQUARE F-STAT. SIGNIF.

Equality of . : o
Adj. Cell Means 2 478.57 239.29 6.327 .002

Zero Slope 2 2455.0 1227.5 32.459 .000
Error 200 7563.6 37.818
Equality of Means -

(w/o Covariates) 2 787.41 393.71 7.938 .000

Error 202  10019. 49,597

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.
Class Type .230 .088 2.601 .010
Integration Level 7.497 . 1.000 7.492 .000

TABLE OF MEANS

Exposure Level (3) (4) (5)
Mean : 23.921 26.000 28.435
Adj. Mean 24 .442 28.563 25.850
(Std. Error) .615 1.016 .847
Intercept .136 4,256 1.544
Sample Size _ 101 42 62
COMPARISON : VALUE

TESTED , OBSERVED - T-STAT. SIGNIF.
Linear Trend 1.408 ) ©1.321 .187
Curvelinear Trend ~-6.832 -2.890 .004
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TABLE 4.16.  ANALYSIS OF COVARIANCE OF GE RATINGS STRATIFIED BY
EXPOSURE LEVEL (CONTROL GROUPS OMITTED)
SUM OF MEAN
Source DF SQUARES SQUARE F~STAT. SIGNIF.
tquality of :

Adj. Cell Means 2 102.43 51.216 3.910 .021
Zero Slope 2 846.21 423,11 32.302 .000
Error 200 2619.7 13.098
Equality of Means

(W/o Covariates) 2 387.68  193.84  11.297  .000 _
Error 202 3465.9 17.158 i

TABLE OF COEFFICIENTS
Covariate COEFF. STD. ERROR T-STAT. SIGNIF.
Class Type .325 .052 6.227 .000 .
Integration Level 2.813 .588 4.778 .000
TABLE OF MEANS

Exposure Level (3) (4) ~(5)
Mean 10.386 10.810 13.484
Adj. Mean 10.710 11.647 12.389
(Std. Error) .362 .597 .498

. Intercept -12.459 -11.521 ~10.779
Sample Size 101 42 Y
COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF.
Linear Trend 1.679 2.678 .008
Curvelinear Trend - .155 ~ .140 .888
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TABLE 4.17.  ANALYSIS OF COVARIANCE OF THE PC RATINGS
‘ STRATIFIED BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

SUM OF MEAN

Source DF SQUARES SQUARE F-STAT, SIGNIF.
Equality of o

Adj. Cell Means 2 2527.5 1263.7 7.440 .000
Zero Slope 2 14975. 7487 .5 44,082 .000
Ervor 200 33971. 169.85
Equality of Means

(w/o Covariates) 2 9093.5 4546.7 18.764 .000
Ervor 202 48946, 242 .31

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.
Class Type .851 .188 4.525 .000
Integration Level 16.968 2.120 8.001 .000

TABLE OF MEANS

Exposure Level , (3) (4) (5)
Mean ’ 54 .851 : 56.905 69.855
Adj. Mean 56.207 62.534 63.833
(Std. Error) 1.305 2.153 1.796
Intercept -18.144 © ~11.818 ~=10.519
Sample Size 101 42 62
COMPARISON VALUE

TESTED < OBSERVED T-STAT. SIGNIF.
Linear Trend 7.625  _ 3.376 .000
Curvelinear Trend -5.027 . ~1.003 316
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TABLE 4.18.  ANALYSIS OF COVARIANCE OF THE FC RATINGS STRATIFIED
BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

SUM OF MEAN
Source DF SQUARES SQUARE F-STAT. SIGNIF.
Equality of | .
Adj. Cell Means .2 7914, 7 3957.4 11.800 - 000
Zero Slope 2 9312.5 4656.3 13.884 .000
Error 126 42256, 335.37
Equality of Means
(w/o Covariates) 2 7497.8 3748.9 9.305 .000
Error 128 51569. 402 .88
TABLE OF COEFFICIENTS
Covariate COEFF. STD. ERROR ~ T-STAT.  SIGNIF.
Class Type .682 .326 2.088 .038
Integraticn Level 15.730 4,907 3.205 .001
Exposure Level
Mean 73.747 84,220 98.545
Adj. Mean 72.933 86.725 95.052
(Std. Error) 2.071 2.900 5.734
Intercept .867 14.660 22.987
Sample Size 79 4] 11
COMPARISON VALUE '
TESTED OBSERVED T-STAT. - SIGNIF.
Linear Trend 22.119 3.617 .000
Curvelinear Trend - 5.465 -. .641 .522
~ 148



Results for Goal Attainment. The results of the multivariate
analysis of variance of the goal attainment ratings are summarized
in table 4.19. It was observed that there was no consistent linear
or curvelinear trends across goals. In the overall tests for the
entire variable set (with unit weights on each rating) both the linear

and the curvelinear contrasts vielded observed values well below the
critical value for significance at the .05 level. In addition,
neither of the marginal contrasts reached significance for any of
the goal attainment ratings.

Because there was neither a persistent pattern nor a significant
trend for any single variable, analyses of covariance of the attain-
ment ratings for the individual goals were not conducted; instead,
we went directly to an analysis of the mean attainment rating averaged
over the nine goals.

The analysis of covariance of the mean ratings appears in table 4.20.
It was observed that the mean ratings for level four subjects was
lower than that for either level three or five. Nevertheless, the
obser?ed contrast value for linear trend was considerable (p = .0555).
The curvelinear trend was, of course, highly significant. Post hoc
comparisons of level three with the other two levels yielded insig-
nificant t ratios {(p > .20). It was concluded that the results of
the GA analyses were inconclusive with respect to the hypothesized
monotonic increase in goal attainment with increased exposure to
FEHR: they neither support nor deny the hypothesis.

Results for Interest Variables. The results of the multivariate

analysis of variance of the interest ratings are summarized in table 4.21.
It was observed that there was a uniform increase in the observed

means of exposure levels two through five for interest ratings on
classical research methods (ICR), program evaldation (IPE), and

proposal writing (IPW). For the last variable -- the research prac-
ticum (IRP) -- there was an increase for levels three through five,

but level two was somewhat higher than level three. For classical
research and program evaluation, the mean for the control group with

no research experience (level 1) was higher than the mean for the

control "group with some statistical training (level 2) and about the
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TABLE 4. 19. RESULTS OF THE MULTIVARIATE ANALYSIS OF VARIANCE OF
THE GOAL ATTAINMENT RATINGS STRATIFIED BY EXPOSURE
LEVEL (CONTROL GROUPS EXCLUDED)

Equality of Group Means: DF = 18,106.00 F = 2.589 Sig. = .0013
Alt. Test of Equality of Group Means: Max. Root = .6508 Sig. = .004]

TABLE OF MEANS

Exposure Level (3) (4) (5)
Goal 1 4.075 3.513 4,100
Goal 2 3.530 3.222 3.944
Goal 3 3.651 3.444 4.177
Goal 4 3.560 3.305 4.177
Goal 5 3.818 3.083 4.100
Goal 6 3.530 3.805 4.033
Goal 7 3.424 3.416 3.955
Goal 8 3.765 3.277 4.077
Goal 9 3.878 3.666 4.216
Sample Size 22 12 30
OBSERVED CRITICAL VALUES
VALUE S1G6. = .05 SIG. = .0l
Comparisons For The Entire Set With Unit Weights On Each Variable
Linear Trend 3.548 5.757 6.541
Curvelinear Trend 8.546 13.167 14.960
- Linear Trend Comparison By Variable
Goal 1 .024 1.110 1.261
Goal 2 414 1.081 1.229
Goal 3 .526 1.016 1.154
Goal 4 .617 1.122 1.275
Goal 5 .281 .966 1.098
Goal 6 .503 972 1.105
Goal 7 531 .970 1.103
Goal 8 312 .895 1.017
Goal 9 .337 915 1.040
Curvelinear Trend Comparison By Variable
Goal 1 1.148 2.538 2.884 -
Goal 2 1.030 2.474 2.811
Goal 3 : - .940 2.324 2.3540
Goal 4 1.127 2.568 2.917
Goal 5 1.751 2.210 2.511
Goal 6 .047 2.224 2.527
Goal 7 .546 2.220 2.522
"Goal 8 1.287 2.048 2.327
Goal 9 .762 2.094 2.379
200
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TABLE 4.20, ANALYSIS OF COVARIANCE OF THE ATTAINMcH: RATING
AVERAGED SVER GGALS AND STRATIFIED BY ziPQSURE
LEVEL (CONTROL GROUPS OMITTEQ) o
SUM OF MEAN
Source DF SQUARES SQUARE F-STAT.  SIGNIF.
Equality of -

s cell Means 2 778 389 5.025 008
Zero Slope 2 .720 .360 4.651 01N
Error 113 8.755 .077
Equality of Mean-

(w/o Covariates) 2 2.082 1.041 12.635 - .000
Error il15 9,476 .082

TABLE OF COEFFICIENTS .
Covariate COEFF. STD. ERROR T-STAT. SIGNIF.
Class Type .847 426 1.985 .049
Integration Level - .010 122 - .082 .934
TABLE OF MEANS

Exposure Level (3) (4) (5)
Mean 3.537 3.389 3.793
Adj. Mean 3.547 3.368 3.779
(std. Error) .045 .083 .087

Intercept .513 .334 .745
Sample Size 72 12 34
COMPARISON VALUE |
TESTED OBSERVED T-STAT. SIGNIF.
Linear Trend 231 1.935 .055
Curvelinear Trend .530 3.100 .002
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TABLE 4.21. RESULTS OF THE MULTIVARIATE ANALYSIS OF VARIANCE

Equality of Group Means: DF = 16,645.25 F = 5.229 Sig. = .000
Alt. Test of Equaliity of Group Means: Max. Root = .18% Sig. = .000

TABLE OF MEANS

Exposure Level (1) - (2) (3) () (5)
ICR 4,193 3.978 4,193 4.54] 4.687
IPE._ 4.139 4.155 4.279 4,623 4,917
IPW 4.634 3.855 4.184 4,299 4.526
{RP 4.849 4.408 3.987 4.628 5.011
Sample Size 22 26 94 33 44

CRITICAL VALUES

OBSERVED

VALUE SIG. = .05 SIG. = .01
Comparisons For The Entire Set With Unit Weights On Each Variable
Control vs. Experimental 5.142 14,034 15.745
Linear Trend 9.678 10.741 12.051
Curvalinear Trend .804 4.462 5.007
Control vs. Experimental Comparison By Variable _
ICR 2.329 3.903 4.378
IPE 2.753 3.765 4.224
IPW - .549 3.687 4.137
IRP - .490 4,767 5.349
Linear Trend Comparison By Variable
ICR 2.474 2.987 3.351
IPE 2.629 2.881 3.233
IPW 2.126 2.822 3.166
IRP 2.448 : 3.649 4.094
Curvelinear Trend Comparison By Variable
ICR ~ .068 1.241 1.392
IPE ' A7 1.197 1.343
IPW - .101 1.172 1.315
IRP .803 1.516 1.701
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same as the minimum FEHR group (level 3). On the other hand, the
mean ratings for proposal writing and research practicum for the no
experience group weie higher than the mean ratings for the group

with maximum FEHR experience (level 5). Despite the relatively uni-
form pattern, none of the three b]anned contrasts (control vs. ex~
perimental, linearity within the experienced groups 2 to 5, or curve-
linearity within .the experienced groups) was significant for the
entire set of variables with unit weight on each rating, or for the
marginal (variable-by-variable) comparisons. Nevertheless, con-
sistently high positive values were observed for the underlying monotonic
trend. Consequently, univariate analyses were computed for each
interest rating.

An analysis of covariance was computed for each interest rating
stratified by exposure (levels 3 to 5 only) and covaried on class
type and level of integration with course content. The results of
these analyses appear in tables 4.22 through 4.25. It was observed
that the linear comparison among adjusted means was highly signifi~
cant for all three variables, and the curvelinear comparison was not
significant. In addition, the analysis of covariance of the means
of the four interest ratings (table 4.26) produced a nighly signifi-
cant linear trend (p = .004) but a nonsignificant curvelinear trend.

It was concluded that within the experimental groups (levels 3 to 5)
the overall trend of the results prowided clear support for the hy-
pothesized menotonic increase in interest with increased exposure to
FEHR. The meaning of the relationship between the control and ex-
perimental groupings is unclear on the basis of the interest ratings
by themselves.

Results for Difficulty Variables. The results of the multi-
variate analysis of variance of the difficulty ratings appear in
table 4.27. 1t was observed that the pattern of difficulty means

~was similar to the pattern for interest, but the linearity within
the experimental FEHR groups (levels 3 to 5) was not quite so con-
sistent. As compared to interest ratings, the observed contrast
values for the control/experimental comparison were slightly closer
to significance, and the linear comparisons slightly further from
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TABLE 4.22,

BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

ANALYSIS OF COVARIANCE OF THE ICR RATINGS STRATIFIED

SUM OF MEAN .
Source DF SQUARES SQUARE F-STAT. SIGNIF.
Equality of ‘

Adj. Cell Means 2 6.979 3.489 4,691 .010
Zero Slope 2 18.296 9.147 12.298 .000
Error 166 123.47 .743
Equality of Means ’

(w/0 Covariates) 2 8.276 4,138 4.904 .008
Error ' 168 141.77 .843

TABLE OF COEFFICIENTS
Covariate COEFF. STD. ERROR T-STAT.  SIGNIF.
Class Type 1.150 .458 2.508 .013
Integration Level .258 317 .813 417
__TABLE OF MEANS _
Exposure Level (3) (4) (5)
Mean 4.193 4,541 4.687
Adj. Mean 4,172 4.693 4.618
(Std. Error) 114 .166 .241
Intercept -1.213 - .692 .767
Sample Size 94 33 44
COMPARISON VALUE
TESTED . OBSERVED T-STAT. SIGNIF,
Linear Trend .445 1.403 .162
Curvelinear Trend - .595 -1.368 173
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TABLE 4,23, ANALYSIS OF COVARIANCE OF THE IPE RATINGS STRATIFIED

BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

SUM OF MEAN

Source -~ DF SQUARES SQUARE - F-STAT. SIGNIF,
Equality of

Adj. Cell Meahs 2 10.855 '5.427 7.882 .000
Zero Slope 2 13.258 6.628 9.627 .000
Error 166 114.30 .688
Equality of Means .

(w/o Covariates) 2 12.742 6.370 8.390 .000
Error 168 127.55 .759

TABLE OF COEFFICIENTS
Covariate . COEFF. STD. ERROR  T-STAT.  SIGNIF,
Class Type 1.464 .441 3.317 .001
Integration Level - .216 .305 - .708 479
TABLE OF MEANS

Exposure Level ~  (3) . (4) (5)
Mean 4.279 : 4,623 4,917
Adj. Mean 4.164 4.657 5.137
(Std. Error) 110 .160 .232
Intercept -1.969 -1.475 : ~ .996
Sample Size 94 33 o 44
COMPARISON ' VALUE
TESTED OBSERVED T-STAT. SIGNIF,
Linear Trend 972 3.185 .001
Curvelinear Trend - - .136 - .032 974




TABLE 4.24, ANALYSIS OF COVARIANCE OF THE IPW RATINGS STRATIFIED
BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

SUM OF MEAN
Source DF SQUARES SQUARE F-STAT. SIGNIF, -

Equality of

2.054 3.669 027

Adj. Cell Means V4
Zero Slope ¢ 3U 5.152 9.205 .000
Error 164 L - .5659
Equality of Means :

(w/o Covariates) 2 3.499 1.749 2.847 .060

Error - 168 103.23 .614

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.
Class Type 1.328 .398 3.337 .001

Integration Level - .230 .275 - .836 .404

TABLE OF MEANS

Exposure Level (3) - (4) - (5)
Mean 4,184 4.299 4.526
Adj. Mean : 4.075 4,320 4.744
(Std. Error) .099 .144 .209
Intercept -1.443 -1.198 - 773
Sample Size 94 33 44
COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF,
" Linear Trend .669 2.432 . .016
Curvelinear Trend .178 .473 .636
200
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TABLE 4.25,

BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

ANALYSIS OF COVARIANCE OF THE IRP RATINGS STRATIFIED

SUM OF

193

MEAN

Source DF SQUARES SQUARE F-STAT. SIGNIF.
Equality of

Adj. Cell Means 2 23.260 11.630 9.991 .000
Zero Slope 2 25.843 12.922 11.101 .000
Error 166 193.22 104
Equality cf Means

(w/o Covariates) 2 34.068 17.034 13.064 .000
Error : 168 219.06 1.303

TABLE OF COEFFICIENTS
Covariate_ COEFF. STD. ERROR T-STAT. SIGNIF,
Class Type 1.645 .573 2.866 .004
Integration Level 076 .397 .192 .847
TABLE OF MEANS
Exposure Level (3) (4) (5)
Mean 13.987 4.628 5.011
Adj. Mean 3.909 4,760 5.077
(Std. Error) .143 .208 .302
Intercept -3.404 ~-2.553 -2.237
Sample Size 94 33 44
COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF.
Linear Trend 1.167 2.939 .003
Curvelinear Trend - .534 - 981 .327
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TABLE 4.26, ANALYSIS OF COVARIANCE OF THE MEAN OF .ALL .INTEREST
RATINGS ' B B ‘ ‘

SUM OF MEAN

Source DF SQUARES SQUARE  'F<STAT. SIGNIF.
Equality of ' ,

Adj. Cell Means 2 10.004 5.002 8.242 .000
Zero Slope 2 16.289 8.144 13.422 .000
Error 59 102.56 .606
Equality of Mear

(w/o Covari. >s) 12.953 6.476 9.318 .000
Error 118.85 .695

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.
Class Type 1.401 - 414 3.382 .000
Integration Level - .026 ' .286 - .092 .926

TABLE OF MEANS

Exposure Level (3) (4) ‘ - (5)

Mean ‘ 4,152 4,523 4.785
Adj. Mean 4.075 4,607 4.892
(Std. Error) .101 .149 ' .219
Intercept -2.029 - -1.497 -1.212
Sample Size 97 33 44
COMPARISON VALUE

TESTED OBSERVED - T-STAT. -~ SIGNIF.
Linear Trend .817 2.853 .004
Curvelinear Trend - .246 - .628 .530

208

o | 194




TABLE 4.27. RESULTS OF THE MULTIVARIATE ANALYSIS OF VARIANCE OF
THE DIFFICULTY RATINGS STRATIFIED BY EXPOSURE LEVEL

Equality of Group Means: DF = 16,639.14 F = 2.125 Sig. = .006
Alt. Test of Equality of Group Means: Max. Root = .091 Sig. = .036

TABLE OF MEANS

Exposure Level (1) (2) (3) (4) (5)
DC" 3.176 3.346 1.760 3.640 3.644
DPE 3.375 3.487 3.840 . 3.661 3.996 -
DPW 3.943 3.896 3.946 3.979 4.078
DRP 4.204 3.711 4.184 3.750 4.011

Sample Size 22 26 92 33 44

CRITICAL VALUES

OBSERVED

VALUE SIG. = .05 SIG. = .01
Comparisons For The Entire Set With Unit Weights On Each Variable
Control vs. Experimental 5.564 12.056 13.593
Linear Trend 3.168 9.224 10.401
Curvalinear Trend - .591 3.836 4.325
Con=rzl vs. Experimental Comparison By Variab 2 o
DCR ' 2.520 2..400 3.934
DPE 2.406 3.994 4.503
DPW .492 3.559 4.012
DRP . .144 4.332 4.884
Linear Trend Comparison By Variable
DCR .775 2.602 2.934
DPE 1.347 3.056 3.446
DPW .581 2.723 3.070
DRP .464 3.315 3.737
Curveiinear Trend Comparison By Varijable
DC=2 ' - .409 1.082 1.220
DE= - .018 1.271 1.433
DPY! .048 1.132 1.276
DR2 - .21 1.378 1.554
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significance. But again none of the contrasts within the multivariate
model reached significance. '

The results of the analyses of covariance of the difficulty scores
stratified by exposure level within the FEHR eXperimental groups are
summarized in tables 4.28 through 4.31. For both difficulty ratings
for classical research methods (DCR) and program evaluation (DPE),
the covariates have considerably altered the picture. The adjusted
means now decrease as experience increases, but the change is not
significant in either case. The adjusted difficulty ratings means
for proposal writing (DPW) showed a slight but insignificant increase.
The adjusted diff’ .ulty ratings for the research practicum (DRP) on
the other hand yielded a significant curvelinear trend. However the
analysis of covariance did not yield significant linear or curvelinear
contrasts.

It was concluded that the overall pattern of evidence neither
supported nor dzried the hwoothesized monotonic relationships between
perceiv.. diff¥cdlty and “increased exposure to FEHR.

Factor Tw.: rwoblem Content Areas.

Descriz—zon. Eight different problems were tested in the field
study. S:m= these were described fully in earlier chapters of this
report, mmily the titles are reproduced here. The problems field
tested wesre=z '

(1 The merceptual Education Problem (PEP)

:.  The Remedial Arithmetic Problem (REMAR)

3) The Extended School Year Problem (EXTSY) .

£, Twe Early Childhood Education Zroblem (HEADSTART
5} “"ne meading Assessment Problem 'READ)

€. The Validation of a Teacher Rating Questionnaire
Dwoblam (TQUEST)

(7 “&= kemedial Mathematfcs'for Adults Problem (RMA)
(8) “The Busing to Achieve Integration Problem (BUS)

Datz Matrrx. The datz to be analyzed across problems is similar
to that used for the exposure contrasts. However, when the data is
stratifiec by oroblem, a number of empty cells occur -- largely be-
cause we wer= unable to administer the ORS and Goal Assessment
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TABLE 4.28, ANALYSIS OF COVARIANCE OF THE DCR RATINGS STRATIFIED
BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

SUM OF MEAN

Source DF SQUARES SQUARE F~STAT. SIGNIF.
Equality of

Adj. Cell Means 2 J6 .358 .730 .483
Zero Slope 2 7.657 3.828 7.799 .000
Error 164 80.511 .490
Equality of Means

(w/o Covariates) 2 577 .288 .543 .581
Error 166 88.169 531

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR  T-STAT.  SIGNIF.
Class Type 692 .532 1.299 .195
Integration Level 360 .266 1.350 .178

TABLE OF MEANS

Exposure Level (3) (4) (5)
Mean 3.760 3.640 3.644
Adj. Mean ’ 3.793 3.776 3.472
(Std. Error) .095 .135 201
Intercept .625 .608 .304
Sample Size 92 , 33 44
COMPARISON VALUE
TESTED OBSERVED . T-STAT. SIGNIF.
Linear Trend - .320 -1.204 ..230
Curvelinear Trend - .287 o - .804 .422
211
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TABLE 4. 29, ANALYSIS OF COVARIANCE OF THE DPE RATINGS STRATIFIED
BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED) '

SUM OF MEAN

Source DF SQUARES SQUARE F-STAT. SIGNIF.
Equality of

Adj. Cell Means 2 .517 .258 .354 .701
Zero Slope 2 5.295 2.647 - 3.631 .028
Error 164 119.57 .729 .
Equality of Means

(w/o Covariates) 2 2.124 1.062 1.412 .246
Error 166 124 .86 752

TABLE OF COEFFICIENTS
CovarTtate COEFF. STD. ERROR T;STAT. SIGNIF.
Class Type .084 .648 .130 .896
Integration Level .520 .325 1.600 1
TABLE OF MEANS

Exposure Level (3) (4) (5)
Mean 3.840 ' 3.661 3.996
Adj. Mean 3.924 3.815 3.705
(Std. Error) 1176 .165 .245
Intercept 2.908 2.799 2.689
Sample Size 92 33 44
COMPARISON -  VALUE
TESTED OBSERVED T-STAT. SIGNIF.
Linear Trenc - 219 - 675 .500
Curvelinear Trend - .001 - .,003 .997
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TABLE 4.30. ANALYSIS OF COVARIANCE OF THE DPW RATINGS bTRATIFIED
BY EXPOSURE LEVEL {CONTROL GROUPS OMITTED)"
SUM OF MEAN

Source DF SQUARES SQUARE F-STAT.  SIGNIF.
Equality of : ‘

Adj. Cell Means 2 .485 .242 .485 .616
Zero Slope’ 2 5.740 2.870 5.739 .003
Error 164 82.011 .500
Equality of Means ,

(w/o Zowvariates) 2 .522 .261 .494 .610
Zrror 166 87.752 .528

TABLE OF COEFFICIENTS
Covariate COEFF. STD. ERROR T-STAT. SIGNIF.
Class Type 1.007 .537 1.873 .062
cntegration Level .089 . .269 .332 .739
TABLE QF MEANS

Exposure Level (3) (4) (5)
Mean 3.946 3.979 4.078
Adj. Mean 3.922 4.052 4,075
(Std. Zrror) .096 137 .203
Intercept - .13 .017 .039
Sample Size 92 33 44
COMPARISON - VALUE
TESTED OBSERVED T-STAT. SIGNIF.
Linear Trend .153 .569 .569
Curvelinear Trend - .108 - .300 .764




TABLE 4.31,  ANALYSIS OF COVARIANCE OF THE DRP RATINGS STRATIFIED
BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED) '

SUM OF MEAN
Source ' DF SQUARES SQUARE - STAT. ~LGNIF,

Equality of

Adj. Cell Means 2 4,639 2.319 2.210 .092
Zero Slope 2 4.420 2.210 2.296 .103
Error 164 157.81 . .962
Equality of Means '

(w/0 Covariates) 2 4,703 2.351 2.406 .093
Error 166 162.23 .977

TABLE OF COEFFICIENTS
Covariate COEFF. ~ STD. ERROR  T-STAT.  SIGNIF.
Class Type 1.575 765 2.112 .036
Integration Level - .526 .373 -1.409 .160

TABLE QF MEANS

Exposure Level (3)° (4) - (5)
Mean ‘ 4.184 3.750 4.0M
Adj. Mean 4.035 3.671 4,383
(Std. Error) .134 .190 T .281
Intercept -1.397 -1.761 " -1.049
Sample Size 92 33 44
COMPARISON  VALUE
TESTED OBSERVED T-STAT. SIGNIF.
Linear Trend , .348 .934 .351
Curvelinear Trend 1.075 2.150 .033
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TABLE 4.32.  ANALYSIS OF COVARIANCE OF THE MEAN OF ALL DIFFICULTY

RATTHG]
SUM OF HEAN '

Source _DF SQUARES SQUARE F-STAT. SIGNIF.
Equality of

Adj. Cell Means 2 .189 .094 227 .797
Zero Slope 2 4.516 2.258 5.409 .005
Error 164 68.456 417
Equality of Means

(w/o Covariates) 2 .814 .407 .926 .398
Error 166 72.972 .439

TABLE OF COEFFICIENTS
Covariate COEFF. STD. ERRQR T-STAT. SIGNIF.
Class Type .839 .490 1.710 .089
Integration Level 170 .245 .451 .652
TABLE OF MEANS

Exposure Level (3) (4) (5)
Mean 3.933 3.757 3.932
Adj. Mean = 3.918 3.829 3.909
(Std. Error) .088 .125 .185
Intercept .505 .416 .496
Sample Size 92 33 ' 44
COMPARISON VALUE
TESTED ‘DBSERVED T-STAT. SIGNIF.
Linear Trend - .009 - .038 969
Curvelinear Trend .169 .514 .607
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questionnaires at every site. For this reason the questionnaire
data was pooled before analysis. The specific procedure used and
the rationale on which it is based are presented under the analysis
heading.

The overall data structure appears in figure 4.11. For purposes’
of problem comparison, only changes in the general interest rating
or difficulty ratings were considered relevant. Consequently, the
I and D sets for this factor each consist of one score per person:

the mean rating for the set concerned.

Hypotheses. There were no a priori hypotheses for this dimension.
Rather, we planned a series of post hoc comparisons to determine
whether there were significant differences in overall effectiveness
among problems. Overall effectiveness in this context was defined
as the composite score for each variable set. As before, the com-
posite score for the proposal and final report sets were the sum of

the variable scores in the set, but for interest and difficulty the

composites were the mean of the variables in the set.

Analyses. Ideally each of the four composite scores would have
been analyzed using analysis of covariance to remove the effects of
exposure level, class type, and degree of integration. However, this
proved to be impossible because the control variables were invariant
for subjects using problem seven. Consequently, the following pro-
cedure was used. First a one-way analysis of variance was run, with
subsequent comparisons among all pairs of means. Standard t tests
were used in these comparisons, because type two errors were of more
concern than type one. This procedure was considered statistically
conservative.

Following each analysis of variance an analysis of covariance
was run, with problem seven omitted, to determine whether the co-
variates changed the observed relationships. Conclusions were then
based on inferences from both analyses.

Results for Proposals. The results of the analysis of variance
of the composite proposal ratings appear in table 4.33. It was ob-
served that problems six and_seven were significantly lTower than all
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TABLE 4.33. ANALYSIS OF VARIANCE OF THE COMPOSITE PROPOSAL
RATINGS STRATIFIED BY PROBLEM CONTENT

SUM OF MEAN

Source DF SQUARES  SQUARE  F-STAT.  SIGNIF.
Between . 6- 9181.8 1530.3  5.606 .000
Within 207  56497. 272.93
Total 213 65679.
PROBLEM N MEAN VARIANCE ~ STD. DEV.
1 30 61.067 133.93 11.573
2 112 59,455 373.13 19.317
3 24 61.000 101.48 10.074
4 26 64.846 86.375 9.293
6 12 47.167 203.24 14.256
7 5 24..000 1080.0 32.863
8 5 66.000 36.500 6.041
PROBLEMS
COMPARED DIFF. T-STAT. SIGNIF.
1vs. 2 1.611 478 .635
1 vs. 3 .066 .014 .988
1vs. 4 - 3.779 - .853 .394
1 vs. 6 13.900 ©2.463 .014%
1 vs. 7 37.067 4.644 .000 *
1 vs. 8 - 4.933 - .6182 .537
2 vs. 3 - 1.544 ‘ - 415 .678
2 vs. & - 5.390 -1.498 135
2 vs. 6 12.289 2.448 .015*
2 vs. 7 35.455 4.695 .000*
2 vs. 8 - 6.544 - .866 .387
3vs. 4 - 3.846 . .822 411
3vs. 6 13.833 ©2.368 .018*
3vs. 7 37.000 4.555 .000*
3vs. 8 - 5.000 - .615 .538
4 vs. 6 17.679 3.066 .002*
4 vs. 7 40.846 5.063 .000*
4 vs. 8 -1.153 - 143 .886
6 vs. 7 23.167 2.634 .009*
6 vs. 8 -18.833 -2.141 .033*
7 vs. 8 -42.000 -4.019 .000*
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other problems, but there were no significant differences among the
other problems.

The results of the analysis of covariance of the proposal ratings
appear in table 4.34. It was observed that the means for problems
three, four, six and eighf were adjusted upwards considerably. As
a result, the adjusted means for probiems three, four, and eight
were significantly higher than the other means. In addition, mean
eight was now significantly greater than mean two, which was adjusted
slightly downwards.

Results for Final Reports. The results of the analysis of
variance of the composite fin21 report ratings appear in tébﬁe 4.35.
It was observed that the means for problem seven was significantly
Tower than those for all other problems. Also, problems one, three,
four, and eight were significantly higher than those of problems
two, six, and seven. There were no significant differences within
the high means.

The resu]ts.of the analysis of covariance are summarized in
table 4.36. -It was observed that there was only one change in order:
the adjusted mean for problem six was larger than the adjusted mean
for problem two. However, the difference was not significant. The
means for-problems six and two were significantly Tower than any of
the others; and problem one was significantly lower than prob]ems
four and three. There were no significant d1fferences among the
remaining means.

Results for Interest. The analysis of variance of the com-
posite interest ratings are summarized in table 4.37. It was ob-
served that the overall F was not significant (p = .0644). Simi-
larly, the overall F for the analysis of covariance summarized in
table 4.38 was not significant (p = .0814). It was concluded that
there were no significant differences among problem means for the

interest ratings.

Results for Difficulty Ratings. The analysis of variance for
difficulty ratings appear in table 4.39, and the subsequent analysis

of covariance appears in table 4.40. Again, the overall F ratios

for both analyses were not significant (p = .1127 and .3337 respectively).
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TARIE 4.34. ANALYSIS OF COVARIANCE OF THE COMPOSITE PROPOSAL
RATINGS STRATIFIED BY PROBLEM CONTENT AND COVARIED
ON INTEGRATION, EXPOSURE, AND CLASS TYPE

SUM OF MEZN

Source EE SQUARES SQUARE F~STAT. SIGNIF.
Equality of

Adj. Cell Means 5 7915.7 1583.1 12.757 .000
Zero Slope 3 27309. 9103.1 73.356 .000
Error 195 24199. 124.09
Equality of Means

(w/o Covariates) 5 3445.7 689.14 2.649 .024
Error : 198 51508. 260.14 :

TABLE OF COEFFICIENTS

Covariate COEFF'. STD. ERROR T-STAT. SIGNIF.
Integration 19.818 2.1C1 9.432 .000
Exposure .487 .122 3.992 .000
Class Type .678 .175 3.860 .000

TABLE OF MEANS

PR W

Problem (1) (2) (3) (4) (6) (8)
Mean " 61.067 59.455 61.000 64.846 40.857 66.000
Adj. Mean 59.611 55.388 69.940 72.045 50.486 72.007
(Std. Error) 2.159 1.160 2.392 2.293 4,289 5.008
Intercept -37.863 -42.085 =27.533 -25.428 -46.988 -25.467
Sample Size 30 112 24 26 7 5
PROBLEMS .
COMPARED ' DIFF. T-STAT. SIQNIF.
lwvs. 2 4,222 1.657 .099
lwvs. 3 -10.329 -3.268 .001*
lvs. 4 -12.434 -4.005 .000*
lvs. 6 - 9.124 1.916 . .056
lwvs. 8 -12.396 -2.287 .023%
2 vs. 3 ~14.552 ~5.227 .000*
2 vs. 4 ~16.657 ~6.202 .000*
2 vs. 6 4,902 1.083 .280
2 vs. 8 -16.618 -3.205 .001
3 vs. 4 ~ 2,104 - .665 .506
3 vs. 6 19.454 4.064 .000%*
3 wvs. 8 - 2.066 - .376 .706
4 vs. 6 21.559 4.540 .000
4 vs. 8 .038 .007 .994
6 vs. 8 -21.521 -3.290 .001
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TABIE 4.35. ANALYSIS OF VARIANCE OF THE COMPOSITE FINAL REPORT
RATINGS STRATIFIED BY PROBLEM CONTENT

SUM OF ME2N

Source DF SQUARES SQUARE F—-STAT, SIGNIF.

Between 6 32360. 5393.4  18.826 .000

Within 142 40681. 286.49

Total 148 73041.

PRORIEM N MEAN : VARIANCE STD. DEV.

1 30 86.533 205.57 14.338

2 48 62.792 310.64 17.625

3 24 92.958 181.09 13.457

4 26 93.154 236.94 15.393

6 12 65.000 285.82 16.906

7 5 46.200 1598.7 39.984

8 4 , 90.750 164.25 12.816

PROBLEMS

COMPARED DIFF. T-STAT. SIGNIF.

1vs. 2 23.742 6.026 .000*

1vs. 3 - 6.425 - 1.386 .167

1vs. 4 - 6.620 - 1.459 .146

1vs. 6 21.533 3.724 .000*

1vs. 7 40.333 4.933 .000*

1vs. 8 - 4.216 - .468 .640

2 vs. 3 -30.167 - 7.129 .000*

2 vs. 4 -30.362 - 7.366 .000*

2 vs. 6 - 2.208 - .404 .686

2 vs. 7 16.592 2.086 .038%

2 vs. 8 -27.958 - 3.174 .001*

3vs. 4 - .195 - .040 967

3 vs. 6 27.958 4.672 .000*

3vs. 7 46.758 5.619 .000*

3 vs. 8 2.208 .241 .809

4 vs. 6 28,154 4.766 .000*

4 vs. 7 46.954 5.680 .000*

4 vs. 8 2.403 .264 .791

6 vs. 7 18.800 2.086 .038*

6 vs. 8 -25.750 - 2.635 .009%

7 vs. 8 -44.550 = 3,923 .000*
221
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TABLE 4.36. ANALYSIS OF COVARIANCE OF COMPOSITE FINAL REPORT
RATINGS STRATIFIED BY PROBLEM CONTENT AND COVARIED

ON INTEGRATION, EXPOSURE, AND CTASS TYPE

SUM OF MEAN

Source DF SQUARES SQUARE F-STAT. SIGNIF.
Equality of

2dj. Cell Means 5 21106. 4221.2 21.677 .000
Zero Slope 3 8277.2 2759.1 14.169 .000
Error 130 25315. 194.73
Equality of Means

(w/o Covariates) 5 27649. 5529.8 21.894 .000
Exror 133 33592. 252.57

TABLE OF QOEFFICIENTS
Covariate COEFF . STD. ERROR . T~STAT. SIANIF.
Integration 20.206 3.828 5.277 .000
Exposure .330 .219 1.505 134
Class Type .197 .290 .679 .498
TABLE OF MEANS
Problem L () (3) (4) (6) (8)
Mean 86.533 62.792 92.958 93.154 58.571 90.750
Adj. Mean 80.033 65.016 95.533 93,886 60.523 89.184
(Std. Error) 2.984 2.369 2.882 2.871 5.414 6.997
Intercept 14,850 - .167 30.350 28.702 - 4.660 24.001
Sample Size 30 48 24 26 7 4
PROBLEMS .
COMPARED DIFF. T-STAT. SIGNIF.
1lwvs. 2 15.017 3.582 .000%*
lwvs. 3 -15.500 . - 3.657 .000%*
1l vs. 4 -13.853 - 3.403 .000*
lvs. 6 19.511 3.193 .001*
lvs. 8 - 9.151 - 1.196 .233
2 vs. 3 ~30.517 - 8.169 _.000*
2vs. 4 -28.870 - 7.326 .000*
2 vs. 6 4,493 .735 .463
2 vs. 8 ~24.168 - 3.291 .001*
3vs. 4 1.647 .410 .682
3vs. 6 35.011 5.757 .000*
3 vs. 8 6.348 .837 .403
4 vs. 6 33.363 5.601 .000*
4 vs. 8 4.701 .620 .536
6 vs. 8 -28.662 - 3.227 .001*
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TABLE 4.37.

ANALYSIS OF VARIANCE OF COMPOSITE INTEREST RATINGS
STRATIFIED BY PROBLEM CONTENT

209

SUM OF MEAN
Scurce DF SQUARES SQUARE  F-STAT. SIQVIF.
Betwe=n 5 4,779 .953 2.146 .064
Withi= 122 54.334 .44z
To*a_ ~oT 59.114
PROSUCAN N “EAN VARTANGE STD. DEV.
1 24 4.542 .44z .665
p) 54 4.983 .34. .587
3 21 4,561 47 .685
4 20 4,762 .68 .829
6 5 4.868 L7350 .854
7 0
8 4 4,584 .16 .404
TARIE 4.38. ANALYSIS OF COVARIANCE OF COMPOSITE INTEREST RATINGS
STRATIFIED BY PROBLEM CONTENT AND COVARIED ON EXPOSURE
AND CIASS TYPE
SUM OF MEAN
Source DF SQUARES SQUARE F-STAT. SIGNIF.
Equality of
Adj. Cell Means 5 4,380 .876 2.014 .081
Zero Slope 2 2.147 1.073 2.469 .088
Exror 120 52.187 .434
Equality of Means
(w/o Covariates) 5 4,779 .955 2.146 .064
Error 122 54.334 .445
TABLE OF COEFFICIENTS
Covariate COEFF. STD. ERROR  T-STAT.  SIGNIF.
Exposure - .126 .236 . - .533 .595
Class Type .433 .245 1.766 .079
TABLE OF MEANS
Prcblem (1) (2) (3) (4) (6) (8)
Mean 4,542 4.983 4,561 4,762 4,868 4,584
Adj. Mean 4,498 4.968 4.588 4,804 4.919 4,623
(std. Error) .136 .092 .148 .148 .295 .330
Intercept 3.154 3.623 3.243 3.459 3.574 3.278
Sample Size 24 54 21 20 5 4
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TARTE. 4,3%:. _ANALYSIS OF VARIANCE OF THE COMPOSITE DIFFICULTY
_ =ATINGS STRETIFIED BY PROBLEM CONTENT

5UM OF MEAM

Sourc: " DF  SQUARES  3mE P-STAT.  SIGUIF.
Betwe=r. 5 4.825 S 1.825 T2
Within 122 64.488 524

Total 127 69.314

PROBLEM B MEAN VAZTANCE STC. DEV.
1 3.798 .43 .636

2 o 4.557 .542 .736

3 L 3.780 .695 .834

4 gy 3.690 .32 732

6 ' 3.930 .22 .649

7

8 4.009 .009 .096

TABLE 4.4( ANETYSIS OF COVARIANCE OF THE COMPOSITE DIFFICULTY
"FATINGS STRATIFIED BY PROBLEM CONTENT AND COVERIED
I EXPOSURE AND CIASS TYPE

SUM COF MEAN

Source DF SQUARES SQUARE P-STAT, SIGNIF.
Equality of

Adj. Cail Mezns 5 2.962 .592 1.158 .333
Zero Slope 2 3.129 1.564 3.060 .050
Error 120 61.359 .511
Equality c= M=mns "

(w/o Covarrz—=as) 5 4,825 .965 1.825 JJ12
Error 122 64.488 .528

TABLE OF QOEFFICIENTS

Covariate COEFTF. STD. ERROR  T-STAT,  SIGNIF.
Exposure .204 1,275 .160 .873
Class Type .803 .326 2.459 .015

TABLE OF MEANS

Problem (D €2) (3) (4) (6) (8)
~ Mean 3.798 4,157 3.780 3.690 3.930 4,009
Adj. Mean 274D 4,120 3.844 3.753 4.006 4,080
(Std. Errc«® JA47 0 114 .165 .167 .344 .370
Intercept - .148 226 - ,049 -~ .140 .112 .186
Sample Size 24 54 21 20 5 4
224
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It was concluded that there were no significanz d°~~=rence: among
prcsleams means for the diTficulty ratings.

Summary of Resilts for the Problem Factor. T7h- patterw of
results from all eight anzlyses just presentec - c splayec in

table 4.47. There was persistent tendency for tre:.ubjects tn
problems two, six, and sewen to obtain lower compiz. e ratirms on
the proposal and final report variables. Subjectsz “—om problems
three, four, and eight consistently obtained higmes ~atings when
covaried exposure level, class type and integratic¥ =vel, and
problem one subjects fell in between the other twr. rowever, these
results cannot be considered definitive because ci““=rences amaong
problems were confounded with the uncontrolled ef=—t= of differ-
ential instruction and diTferences in initial abiT:ty. The last
is particularly important for problems one and fwm wrich ware ex-
tensively used with introductory classes containing a large pro-

. portion of statistical neophytes -- many with an anti-research bias.
Further research is needed to determine whether any of the problems
is intrinsically inferior or superior for this purpose.

The results reported in table 4.41 suggest no clear pattern
with respect to the interest and difficulty ratings. In view of
the small differences in apsolute size and the non-significanca of
the statistical analyses it was concluded that there was no evidence
of differential effects of problems on these variables.

Factor Three: Type of Class

Description. There were three general class types included in
the field study. A brief summary of each type appears =low. A
more detailed description was given at the beginning of the chapter.
Type of class was intended as only a nominal scale: he order of
listing is entirely arbitrary. The types of class wer=:

{1) A general research course offered as a serviice to a variety
of other program. Most of the home programs =im <0 produce
educational practitioners rather than reseerciizrs/fevaluators.

(2) A specific research course which concentrates on methods
most useful to a particular content and contaims: subjects
interested in becoming resg;g;hers in that content area.

S0
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TRELE ~.41.  COMPARIS.. IF THE wRDEw=D PROBLEM M=ANS FR.UM THE
ORIGINAL - VA WITR THZ -ADJUSTED MEANS FROY THE
ANCOVA FZ= -QUR V!~ ¥ ES. MEANS UNDERSCO-ED BY
THE SAME .. E ARE ...J7 -IGNIFICANTLY DIFZERONT.

repozz] Retings

Al iA Means P, .92, <%, <% <P, <5, <P

o
-2
w

Azjusted N - =
ANCDVA Means F. < <F. <

E
-o)>

N
A
?
p—q
A
>
OO'U!

“inai Feport Ratings

AMOVA Means F7 < F2 < F6 < F] < F8 < F3 < F4

Adjusted - - - o - N

ANCOVA Means ?—6 < T:-Z < F] < .F.8 < T:-4 < F’z
Interest Ratiings

ANOVA Meazns I] < 13 < 18 < 14 < 16 < 12

£

Adjusted = o~ A~ A - N

ANCGVA Means I} < I3« Ig < Iy < TG <T,
Difficulty Ratings

ANOVA Means Da, < D3 < D] < 06 < :DB < 02

Adjusted a  a oA oA Ao

AN_CO\;"A Means D] < D4 < D3 < D6 < D8 < 02
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(3. A program evz'wazion workshop intenzed primarily for part-
time graduzte = “udents who are practicing educators. The
clients were " ;~-ely res=arch novicas who wished to in-
crease their rz= arch/evziuation skills for practical
reasons. '

-2ta Matrix. The ciz set to oe analyzed across class types
T3 Zammarized im figure - 22, Hers, our interest focusad on the
sem7=rn of proposal scorz:, so the entire set of P variables was
"t if=d. Howewver, only’ sverall tremds in interest or difficulty
“ave:! were considered inzerprable: consequently, only the composite
atings Were included for- these variables. As usual, the final
wszﬁrﬁs were svaluazad v temms of a single composite score.

nysatheses. The tyme factor was considered purely descriptive
in all outt two respects. (1) If, in fact, there is a difference in
the conient studied by sp=cific research as opposed to general re-
gaarch class=s, one would expect better problem definitions (IP
ratings:) and better conceztual frameworks (CF ratings) from the
seect2 ist group. (2) Since the workshop group actually received
tass wraining (fewer contact hours) than either of the other two
sroups., proauct ratings wnich compared favorably with the other
jroups coulc pe considered evidence that the workshop was achieving
its objectiws. Ir uzrticular, we hypothesized that the product
ratings for :is g "= would be as high as those 3f the general
reszarch tym: at the =rc of their first semest=r of training.

Analyses. 3ecau=s of the interest in possibie pattern differ-
m=es, @ mwltivarizte analysis of variance with subsequent marginal
(veriable-dy-variazie) cantrasts was conducted on the proposal scores.
T+ differentia’ - attern was discovered of the mul=ivariate analysis,
‘zziyses o cov@rw@nce 6 each separate variable were planned. If
10 pattern difiE=rences. were observed, we planned to proceed directly
o tne analysis of cowvariance of the remaining composite ratings:

F...I, and D.

Results for Propmsal Ratings. The multivariate analysis of
variance for the proposal scores is summarized in table 4.42. It

Was observed that both type 1 and type 2 means appeared to be somewhat:
227
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TABTE 4.42. RESULTS OF THE MULTIVARIATE ANALYSIS OF VARIANCE OF THE
OBSERVED PROPOSAL RATINGS STRATIFIED BY CLASS TYPE

Equality of Means: DF = 8,436.00 * = 6.104 SIG. = .000
alt. Test of Equality of Means: Max: ®oot = .204 3SIG. = .000

TABLE OF MEZNS

Class Type (1) (2) (3)
Ip 11.985 11.750 9.583
CF 10.422 14.750 6.416
M 25.706 28.125 19.917
GE 11.368 17.500 6.083
Sample Size 204 8 12
OBSERCES CRITTZAL VALUES

VALOE SIG. = .35 SIG. = .01

Comparisons For The Entire Set With [toit Wedghrs On Zach Variable

1lwvs., 2 ~12.645 ZLE2 25.170
1lvs. 3 7 .ABC m.er 20.744
2 vs. 3 G122 7.7 31.876%

Class Twpe Comparisor bv ZP

1wvs. 2 232 4.345 5.014
1lwvs. 3 —A0Z. 3582 4.132
2 vs., 3 168 5.303 6.350
Class Type Comparison =; ZF

1l vs. 2 - 4.328 7.7X7 8.904
lvs. 3 4.004 6.360 7.339
2 vs. 3 3333 9,732

11.277

Class Type Comparissz oy "

1lvs. 2 - 2,405 9.7%5 11.303
lvs. 3 5. 7BL 8.672 9.315
2 vs. 3 8..2138 12,454 14.314
Class Type Compar—surn by &E

1vs. 2 - 6..132 5.249 6.057
1lvs. 3 5.284 4.326 4,992
2 vs. 3 11.417 £ 5¥48 7.671*



higher overall than type 3 means. In the paired comparisons for the
entire set of variables (with unit weight on each variable) the type 2
vs. type 3 comparison was significant (p < .05), but the type 1 vs.
type 3 comparison was just short of significance. The paired com-
parisons by variable yielded significant differences in the same
direction, but only for the GE variable.

The hypothesized superiority of type 2 over type 1 classes for
the IP and CF ratings was not supported: the direction of the differ-
ence was reversed for the two variables, and neither difference was
significant.

Results for the Final Report Ratings. The analysis of covariance
o7 the composite ratings for final reports are summarized in table 4.43.
It was observed that the overall F ratio failed to reach significance
(p = .0841): there were no significant differences among adjusted
composite ratings (F) for final reports. The covariates were ob-
served to be highly correlated with the F ratings, and resulted in
a significant downward adjustment in the type 2 mean. This fact
suggested that had a covariance analysis of the (mulcivariate) pro-
posal scores been possible, the significant difference between type 2
and 3 may have washed out. Consequently, it was concluded that these
results neither support nor deny the hypothesized differences in pro-
posal and final report ratings.

Results for Interest Ratings. The analysis of covariance of the
interest ratings appear in table 4.44. It was observed that there
were highly significant differences among class types for both unad-
Jjusted and adjusted means. In both cases the types ranked 1, 2, and 3
in increasing order. The adjusted mean for type 1 was significantly
lower than either of the others, but types 2 and 3 were not signifi~
cantly different. ' ‘

Results for Difficulty Ratings. The analysis of covariance of
the composite difficulty ratings appears in table 4.45. Again it was
observed that both the unadjusted and adjusted means for class types
were ordered .1, 2, 3. However, the only significant difference in
this case was between the two extremes: one and three. '
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ANALYSIS OF COVARIANCE OF THE OOMPOSITE FINAL REPORT
RATINGS STRATIFIED BY CIASS TYPE AND COVARIED QN
EXPOSURE AND INTEGRATIL '

SUM OF MEAN

source DF SQUARES ~ SQUARE  F-STAT.  SIGNIF.
Equality of

adj. Cell Means 2 1733.3 866.65 2.521 .084
Zero Slope 2 11143. 5571.7 16.213 .000
Exror 135 46394. 343.66
Equality of Means

(w/o Covariates) 2 3915.9 1957.9 4.662 .011
Error 135 57537. 419.98

TABLE OF QOEFFICIENTS S
Covariate CQEFF. STD. ERROR T-STAT. SIGNIF,
Exposure .908 .252 3.603 .000
Integration 16.464 5.949 2.767 .006
TABLE OF MEANS s
Class Type (1) (2) (3)
Mean 78.642 100.38 74.167
Adj. Mean 79.536 90.894 71.546
(std. Error) 1.819 8.531 6.169
Intercept -11.975 ~.616 -19.965
Sample Size 120 8 12
CILaSS TYPES
QOMPARED DIFF. T~STAT. SIGNIF',
1vs., 2 -11.358 -1.243 ©.215
1lvs. 3 7.990 1.184 .238
2 vs, 3 19.348 2.194 .029
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TABLE 4.44.  ANALYSIS OF COVARIANCE OF .THE COMPOSITE INTEREST
RATINGS STRATIFIED BY CIASS TYPE AND COVARIED ON
EXPOSURE AND INTEGRATION

SUM OF MEAN

Source DE SQUARES SQUARE F~STAT. SIGNIF.
Equality of

Adj. Cell Means 2 9.766 4.883 8.068 .000
Zero Slope 2 .21.126 10.563 17.452 .000
Error _ 195 118.02 .605
Equality of Means A

(w/o Covariates) 2 10.003 5.001 7.081 .001
Error 197 139.15 . 706

TABLE OF COEFFICIENTS
Covariate QOEFF. STD. ERROR T-STAT. SIKNIF,
Exposure 1.374 .341 4,025 .000
Integration - .130 .228 ~ 571 .568
TABLE OF MEANS

Class Type : (1) (2) (3)
Mean : 4,286 4,794 5.397
Adj. Mean 4.256 5.171 5.774
(std. Error) - .060 .355 .370
Intercept -1.549 | - .633 - .013
Sample Size 185 8 7
CLASS TYPES
COMPARED DIFF. T~-STAT . SIGNIF.
1l vs. 2 - .915 =2.461 .014
1lvs. 3 -1.518 -3.930 .000
2 vs. 3 - .602 ~1.496 136

~ 232
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TABLE 4.45. ANALYSIS OF COVARIANCE OF THE COMPOSITE DIFf‘ICULTY
RATINGS STRATIFIED BY CLASS TYPE AND COVARIED ON
EXPOSURE AND INTEGRATION

SM OF MEAN

Source DF SQUARES SQUARE F-STAT. SIGNIF.
Equality of

Adj. Cell Means 2 2.599 1.299 3.004 .051
Zero Slope 2 .951 .475 1.100 .334
Error 195 84.335 .432
Equality of Means

(w/o Covariates) 2 5.320 2.660 6.144 .002
Error 197 85.286 .432

TABLE OF COEFFICIENTS

Covariate COLFF . STD. ERROR T-STAT. SIGNIF.
Exposure .298 1.197 .249 .803
Integration. .143 .162 .884 .377

TABLE OF MEANS

Class Type (1) (2) (3)

Mean 3.810 4,210 4.606
Adj. Mean 3.819 : 4,106 4,502
(std. Erxor) : .049 .261 .275
Intercept 2.486 2.773 g 3.169
-Sample Size 185 8 7
CILASS TYPES
CQMPARED DIFF. T-STAT, SIGNIF.
1l vs. 2 - .287 -1.064 .288
1l vs. 3 - .683 -2.403 ' .017.
2 vs. 3 - .395 ~1.162 .246
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Summary of Results for Class Type. Although some differences
among project ratings reached significance, the overall pattern of
results did not either support or deny the hypothesized superiority
of type 2 classes over type 1 for any of the proposal ratings or
for the final report rating. The WOrkshop';atings on these variables
were consistently lower than those of the other two class types, and
these differences were generally significant. These results tend
to contradict the proposition that workshops are as effective as
the other class types in teaching these research/evaluation skills.
However, the evidence cannot be considered conclusive because of
the fact that differences in type were confounded with differences
in initial ability: these were only partially controlled by the
covariance.

*

Although no differences in interest or difficulty ratings were
hypothesized, the results indicate that type 1 classes generated
less interest than either of the other two. Type 1 classes rated
research activities significantly less difficult than type 3 classes:
type 2 was between the other two but not'significantly different
from either of them.

Factor Four: Integration

Description. The integration factor was included in the study
to obtain some estimate of the differences in overall effectiveness
between a FEHR project which was integrated into the curriculum as

“opposed to a laboratory experience and one which was just an adjunct

to classroom activities. There was a certain amount of integration
in many of the evaluation classes. For example, the project was dis-
cussed extensively during class at both Michigan State University

and Ohio State University. However, the most complete planned inte-
gration of project activities and classroom content occurred in the
C655-C656 course sequence at the University of Michigan during the
1973-74 academic year. Since the task of ranking the other sessions
on a degree-of-integration scale seemed almost insuperable, we de-
cided to use a two category classification: (1) incomplete inte-
gration, and (2) complete integration. The 1973-74 class was classi-
fied in the second group, and all other c¢lasses in the first group.
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Data Matrix. Since overall effects rather than differences in
patterns were of interest in the integration factor, only the com-
posite ratings were included in the data matrix to be analyzed. These
data, stratified by integration level are summarized diagrammatically
in figure 4.13.

Hypotheses. It was hypothesized that the incompletely integrated
class would achieve lower proposal and final report ratings, and would
be less interested in research than the completely integrated classes.
The difficulty ratings were not included in this hypothesis, and were
included for descriptive reasons only. Summarized in Symbolic form,
the hypotheses were:

F} < F.
.I_] < T
ﬁ} (?) ﬁé

Analyses. To control for the.effects of the exposure and type
of class factors, an analysis of covariance of each of the four de-
pendent variables was conducted. As in previous analyses, the co-
variate scores for each individual consisted of the mean scpres on

the variable being analyzed for that individual's exposure level and
class type.

Results for Proposal ﬁatings. The results of the analysis of
covariance of the composite proposal ratings appears in table 4.46.
It was observed that, as hypothesized, the adjusted mean rating
for the incompletely integrated classes was significantly smaller
than the adjusted mean for the integrated classes.

Results for Final Report Ratings. The results of the analysis

of covariance of the composite final report ratings appear in
table 4.47. It.was observed that, as before, the adjusted mean
for the incompletely integrated classes was significantly smaller
than the adjusted mean for the integréted classes.

Results for Interest Ratings. The summary of the analysis of
covariance of the composite interest ratings appears in table 4.48.
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TABLE 4.46.

RATINGS STRATIFIED BY INTEGRATION LEVEL AND

COVARIED ON EXPOSURE AND CLASS TYPE

ANALYSIS OF COVARIANCE OF THE COMPOSITE PROPOSAL

SUM OF

223

MEAN

Source DF SQUARES SQUARE F-STAT. SIGNIF.
Equality of

Adj. Cell Means 1 6793.7 6793.7 42,368 .000
Zero Slope 2 6287.3 3143.6 19.605 .000
Exror , 201 32230. 160.35
Equality of Means '

(w/o Covariates) 1 16451. 16451. 86.703 .000
Exrror 203 38518. 189.74

TABLE OF COEFFICIENTS
Covariate COEFF. STD. ERROR T-STAT. SIGNIF.
Exposure .492 .137 3.593 .000
Class Type .900 - .182 4.947 .000
TABLE OF MEANS
Integration Level (1) (2)
Mean 52.333 70.432
Adj. Mean 54.236 67.902
(std. Exror) 1.262 1.489
Intercept ~28.354 ~14.688
Sample Size 117 88
———
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TABLE 4.47.

ANALYSIS OF COVARIANCE OF THE COMPOSITE FINAL REPORT
RATINGS STRATIFIED BY INTEGRATION LEVEL AND COVARIED

ON EXPOSURE AND CLASS TYPE

SUM OF - MEAN

el

Source DF SQUARES SQUARE, F-{STAT. SINIF.
l
Equality of _

Adj. Cell Means 1 2651.2 2651.2 7.726 .006
Zero Slope- 2 6903.1 3451.6 10.059 .000
Error 136 46664. 343.12
Equality of Means '

(w/o Covariates) 1 7885.9 7885.9 20.316 .000
Error 138 53567. 388.17

TABLE (F QOEFFICIENTS
Covariate COEFF. STD. ERROR T-STAT, SIGNTF.
Exposure .997 .231 4.313 .000
Class Type .68l .329 2.064 .040
TABLE OF MEANS
Integration Level - (1) (2)
Mean 76.086 96.000
Adj. Mean 77.210 90.568
(Std. Error) 1.769 4.278
Intercept -55.402 -42.045
Sample Size 116 24

2338
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TABLE 4,48. ANALYSIS OF COVARIZNCE OF THE OVERALL MEANS OF INTEREST
RATINGS STRATIFIED BY INTEGRATION LEVEL AND COVARIED ON
EXPOSURE AND CLASS TYPE

SUM OF MEAN

Source DF SQUARES SQUARE F-STAT. SIGNIF,
Equality of "

Adj. Cell Means 1 10.558 10.558 16.317 .000
Zero Slope 2 3.478 - 1.739 . 2.688 .070
Exrror 196 126.81 .647
Equality of Means

(w/o Covariates) 1 ~18.858 18.858 28.658 .000
Exror 198 130.29 .658

TABLE OF COEFFICIENTS
Corarmate COEEF. STD. ERROR TR, SIGNIF.
Exposare , -2.213 1.445 =1 . .127
Clzss Type .415 .410 1,013 .312

TABLE OF MEANS

Integration Level , (1) (2)
lean , 4,156 4.844
Adj. Mean 4,130 ' 4,912
(std. Exror) 077 .151
Intercept 11.065 11.846
Sample Size 145 55
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TABLE 4.49.

ANALYSIS OF COVARIANCE OF THE OVERALL MEANS OF DIFFICILTY

RATINGS STRATIFIED BY INTEGRATION LEVEL AND COVARIED ON
EXPOSURE AND CLASS TYPE

SUM OF MEAN

Source DF SQUARES SQUARE ¥-STAT. SIGNIF.
Equality of .

adj. Cell Means 1 .315 .315 .733 .392
Zero Slope 2 2,794 1.397 3.245 .041
Error 196 84,357 .430
Equality of Means

(w/o Covariates) 1 3.455 3.455 - 7.250 .005
Error 198 87.151 .440

. TABLE OF COEFFICIENTS
Covariate COEFF . STD. ERROR T-STAT. SIGNIF.
Exposure .342 1.178 .290 771
Class Type .818 .334 2.446 .015
TABLE OF MEANS
Integration Level (1) (2)
Mean 3.773 4.068
Adj. Mean 3.817 3.952
(std. Error) .063 123
Intercept - .647 - .512
Sample Size 145 55
249
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It was observed that both the unadjusted and adjusted means
differed significantly in the direction hypothesized (p < .00005,
and p = .0001 respectively).

Results for Difficulty Ratings. The summary of the analysis of
covariance of the composite difficulty ratings appears in table 4.49.
It was observed that the unadjusted means differed significantly

in favor of integration. However, the difference in adjusted

means, although still in the same direction, was much smaller,

and non-significant (p = .3927). '

Summary of Resuits for Integration. The overall results support
the hypothesis =hat the quality of proposals and final reports
and the overall interest in research/evaluation activities will
improve when the FEHR research project is integrated into the
curriculum rather than being a separate anc adjunct experience.
However, integr=tion was found to have no significant effect on
difficulty ratings.
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CHAPTER 5
SUMMARY AND CONCLUSIONS

The purpose of this chapter is to summarize and synthesize
the material presented in previous chapters in order to answer
four major questions: (1) Do the FEHR materials satisfy the
terms of the contract?, (2) Did the FEHR system accomplish its
educational objectives?, (3) Are the eight problems equally
effective? and (4) What are the implications of these results
for the dissemination and use of the FEHR system? On the
following pages, the evidence respecting each of these questiohs
is presented, under the appropriate heading, in the order listed.

Satisfaction of the Contract

It was pointed out in Chapter 2 that the present FEHR-PRAC-
TICUM materials differ in six ways from the specifications con-
tained in the contract addendum dated September 28, 1971.

1. The number of In Service Training Units actually pro-
duced was five instead of the four itemized in the
contract. .

2. The programmed materials in the Players' Instructions

booklet were substituted for proposed Players' Oreinta-
tion Booklet. This eliminated the necessity for a
training session prior to solving an actual problem.

3. The role of the message generator was de-emphasized.
Rather than a necessary game component it is now an
option to be used at the discretion of the Game
Manager. Instructions and suggested messages appear
only in the Game Manager's Manual. This action was
deemed necessary because of the information overload
experienced by many players in the earlier version.

4. The number of problems was reduced from ten to eight.
One reason for this was that problem development and
evaluation turned out to be a much more formidable task
than had been anticipated. A second reason was
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the extreme difficulty experienced by our staff in
identifying a workable ‘problem in the areas which
had been proposed -- four separate areas we=e
investigated in the course of the project. But the
third and most importamt reason was the potentially
greater return for concentrating our efforis @an methods
of producing multiple versions of each proii=m (see point
5, below). o

5. The number of different versions (i.e., diFferent
difficulty levels) of each problem was incr=ased from
the proposed four to an almost infinite number by
allowing €ach game manager/instructor to define his
own assigned problem via a "checklist of assignéd
tasks". The total number of fundamentally different
probiems available with the present system far exceeds
the 40 which would have resulted from the original
propesal. More importamt, the increased Flexibility
increases the number of potential cliemts for the
system. .

6. The scope of the Game Manzger's Manual was greatly
increased. It is obvious: from the above description
that the present FEHR mat=rials exceed the contract
specifications on every important dimension. We conse-
quently ‘conclude that the requirements of the contract
with respect tc materials are flly satisfieg.

Accomplishment of Objectives.

The purpose of this section is to summarize, integrate, and
interpret the evaluation results with respect to the specific
goals of the FEHR-PRACTICUM system. It is organized in eighti'“
sections corresponding to the eight educational objectives listed
at the beginning of Chapter 4. The first three objectives are
concerned with achievement, objectives four to seven are con-
cerned with the overall utility of the system, and objective eight
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Concernsthe overall adaptability of the system.
The discussion below is organized by objectives with an ex-

tended discussion of resuits for the achievement and interest
goals. MWithin objectives the presentation will consist of a
statement of the objective, an identification of the appropriate
.dependent variables, and a summarization and interpretation of the
results for each of three critical comparisons. These were con-
cerned with the effects of: (1) varying the exposure to the
FEHR system from zero (the control condition) to an extended
exposuréAto all aspects of the system (the extensive-intensive
condition), (2) the type or purpose of the course or session
(required research competency, research specialist, program eval-
uation workshop), and (3) integrating FEHR with an existing
curriculum (integrated vs. non-integrated practicums). For each
cymirast, a summary of the evidence is presented, followed by a ‘
brief discussion and interpretation, The original design included
comparisons among the eight problems on an objective-by-objective
basis. However, this proved to be impractical because of missing
data and unbalanced replication. Consequently the relative
effectiveness of the various problems is assessed in a separate
section.

Objective 1.

To improve achievement in the content areas usually associa-
ted with research/evaluation training.

The evidence respecting this objective comes from both the
controlled experimenta1 study and the field trials. Because
these involve different dependent variables, the findings are
presented separately.

Experimental Study Results. In the experimental study, overall
achievement was assessed by the final test scores (FT). Students'
perception of their learning was assessed by their mean score on
the competency items (the MC score) from the Self Assessment of
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Evaluation and Research Skills questionnaire. The SARES question-
naire was administered to the experimental subjects again at the
end of the second semester to provide an estimate of the carryover
effects of an early FEHR experience. Finaily, the methods score
(M) from the Project Rating Scale for both proposals and final
reports was used as a measure of the practical application of
research/evaluation knowledge and skill. Since the control group
did not complete a project in the first semester M scores were
availabie oﬁT§ for the experimental group in semester one. In
semester two - M scores were available for both the experimental
and control groups and for a small group of new students as well.

Amount of Exposure. The test for a linear increase in the
dependent variables with increasing levels of exposure to FEHR
was highly significant for both the FT&MC scores {p = .02 in both
cases). The linear trend for the M scores was also highly
significant (p<.01) both for the original experimental subjects

and when new students were pooled with experimental subjects by
degree of exposure.

Classtype and Integration. Tests of the effects of class
type and integration were not possib]é in the experimental study.

Field Trial Results. In the field trials, a direct measure of

performance in research design and data analysis was again given
by the M subscore on the product rating scale for proposals and
final reports. An indirect measure of performance in research
evaluation content during the field trials was pfovided by student
ratings of goals 4, 5, and 6 on the goal assessment questionnaire
(GAQ). These goals dealt with the integration of measurement-
research-data analysis knowledge and skill, the computation and
use of specific statistics (e.g., t tests),.and the ability to

use appropriate computer programs respectively. The score
analyzed represented the students' perception of the degree to
which he oﬁ she had achieved these three goals. Unfortunately,
the GAQ was available only for courses at the University of Michi-
gan.
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Amount of Exposure. The results of the test for linear trend were
entirely consistent with those from the experimental study. With-
in the multivariate analysis of variance (Table 4.12, p. 178) the
linear trend for M was highly significant. An impressive, but
somewhat misleading result was the fact that participants' M
scores were on the average, about double those of a control group
consisting of nine typical PhD proposals. However, this discrep-
ancy cannot be attributed entirely to differences-in competence
because rigorous criteria are frequently not applied at the pro-
posal stage. "Nevertheless, it is heartening to know that the
performance of the FEHR participants compared very favorably with
that of a group which can be assumed to be both reasonably compe—
tent and well motivated.

In the case of the goal achievement scores there was not a
pure linear relationship with exposure level: the lowest and
middle levels obtained similar mean ratings and the high expcsure
group a somewhat better rating. However, the multivariate test
for linearity was not significant either for combined variables
or variable by variable. To check for the possible confounding
of results by the effects of integration level and class type
(purpose) a subsequent analysis of covariance of the overall
mean goal ratings was conducted using factors. The results of
this analyses produced means of 3.55, 3.37 and 3.78 for the three
exposure levels: the test for linear trend yielded a probability-
of .055, and the test for curvilinear trend a probability of .002.
These combined results were considered inconclusive with respect
to perceived goal attainment per se but not inconsistent with the
hypothesized monotonic increase in achievement.

Class Type. Although the variable-by-variable comparisons
within the MANOVA did not reach significance, the differences
among the M means for the three class types were considerable:
25.7 for the courses required as part of a general PhD research
competency, 28.1 for the research specialists, and 19.9 for the
nrogram evaluation workshop. Since the score pattern was con-
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sistent and the overall differences were significant subsequent
univariate analyses of composite scores were run with exposure
and integration levels controlled by covariance. These yielded
highly significant differences among all three groups. From
Towest to highest M scores the groups ranked: program evaluation,
general research competency, and research specialists. This, of
course, was to be expected: classes emphasizing formal research
techniques ought to score better on variables measuring achieve-
ment in that area. What was most gratifying was the absolute
size of the proposal ratings for the in-service workshop type of
classes. With no formal instruction and generally, no prior
research training, these people were able to write proposals and
reports which scored about two-thirds as high as the formally
trained groups. Since the class type variable involved off-
campus courses, no GAQ scores were available for this comparison.

Integration. As hypothesized, the composite scores for pro-
posals and final reports (predominantly M scores) yielded signi-
ficantly higher (p<.005) mean scores for integrated courses.
Classes in which the FEHR project was fully integrated into the
classroom content achieved a mean score of 70.4 (67.9 after
covariance adjustment for differences in exposure level and class
type) while classes using FEHR as a free-standing practical

~experience achieved a mean of 52.3 (54.2 after adjustment). This
"~ was the largest absolute difference obtained in the analysis of

product ratings.

Conclusions. The overall pattern of evidence suggests that ex-
posure to the FEHR system was remarkably successful in improving
achievement in subject matter related to traditional content of
courses in research design and data analysis. Throughout both
the experimental and field studies greater exposure to FEHR re-
sulted in greater achievement. Furthermore, this result held
whether the purpose of the session was specialized research
training, & required research course, or an in-service workshop
in program evaluation techniques. The second general conclusion
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was that the FEHR experience was far more effective when it was
an integral part of a course or program of courses in which re-
search methods were taught on a formal basis than when it was
used as an independent practical-application experience.

The differing achievement of various class types was inter-
preted as evidence that shifts in emphasis did occur in these
studies: classes placing more emphasis on formal research tech-
niques scored better on variables measuring achievement in that
area. Consequently, this factor was controlled when making other
contrasts. A more important result of the class type comparison
was the suggestion that formal research techniques were learned .

"~ surprisingly well by subjects in the informal workshop sessions.

Although the evidence in this study was not extensive enough to
permit firm conclusions, it appears that the FEHR experience
motivates and facilitates the learning of formal research tech-
niques through self study.

Objective 2.

To develop the ability to write proposals and final reports
which are explicit, operational, and sufficiently comprehensive
to permit replication.

The most compelling evidence of the quality of the proposals
and final reports produced by FEHR trainees appears in Chapter 3.
The illustrative report for problem 2 (REMAR) is an exact copy
of an actual final report submitted by a member of a class which
had level 5 (the highest) exposure to FEHR. The dependent vari-
ables relevant to this objective are the various subscores on the
product rating sheet (PRS). The sample report is about typical
of the mean quality of the work in that level as evidenced by its
proposal ratings (IP=11/20; CF=12/24; M=31/40; and GE=13/20)
compared” to the mean ratings for level 5 given in table 4.12
(]3.226; 14.962; 30.755; and 13.962 respectively). Although the
mean scores represent only about half the possible score, .they

“are considerably better than the means for the control group of

PhD. doctoral proposals (14.667; 11.778; 14.778; and 10.667 respec—'
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tively), particularly for the Methods scores.

Amount of Exposure. The interest here is in the effects of
increasing levels of exposure on the pattern of subscores (as

opposed to the M score only in Objective 1).

The multivariate analysis of variance of the proposal ratings
yielded a significant overall linear trend: PhD. proposals
ranked lowest, then FEHR exposure levels 3, 4, and 5 in the order
mentioned. On a variable by variable basis, however, it was
obvious fhét the linearity held only within the FEHR treatments.
The PhD. proposals were about equal to the better FEHR proposals

for all but the method variable. Analyses of covariance of the
| composite proposal ratings and composite final report ratings
yielded similar results.

-aIXpe of Class. The results for the type of class comparison
yielded no significant differences in the pattern of product
rating scores between required research classes and classes for
research specialists. However, the scores for the workshop
classes were significantly smaller than those for the other two
types.

Integration. As reported in Objective 1, above, the mean
composite product rating for the classes with an integrated
FEHR project was significantly greater than that for those
with non-integrated projects. ' :

Conclusion. Collectively, the evidence strongly supports the
conclusion that FEHR experience improves the trainee's ability

to write proposals and final reports. Further, the evidence
suggests that the more FEHR experience, the better -- at least
within the range of time (up to 16 months) and number of separate
projects (the maximum in this studywas three projects) used in
this étudy. On the basis of these data we recommend two problem
experiences spread over two semesters (or the equivalent) for

the usual PhD. research training sequence. HoWever, additional
research'is needed to determine the optimum amount of experience
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Further indirect evidence of proposal quality is provided by
the observation that the proportion of trainees who obtained a
perfect score (5) for the "study is replicable" item on the prod-
uct rating sheet was approximate]y 57%, 73%, and 90%, respectively,
for the three FEHR exposure levels, as compared to 50% for the
controls. Although the control comparison is dubious at best --
prevailing practice emphasizes the replicability criterion for
comp]etéd dissertations but not for PhD proposals -~- the absolute
value of the statistic for the high exposure groups is impressive.

Additional support for the effectiveness of FEHR projects for
developing proposal/report writing skills is provided by the
ratings and written comments on the goal attainment questionnaire.
These indicated that more than 90% of the trainees felt they
had learned a great deal about proposal writing. But perhaps
even more telling was the fact that better than three quarters
of all respondents also indicated that they wished to Tearn
more about the topic.

In summary, there is strong evidence that FEHR is a remark-
ably effective vehicle for developing proposal and report
writing skills.

Objective 3.

To encourage field studies which feature control groups,
multiple dependant variables, and an assessment of cost effec~
tiveness.

We had initially intended to use the product rating scale
items corresponding to control, multiple dependent variables,
and cost effectiveness to assess achievement of this objective.
Indeed, the differences among groups on these variables was

" considerable. However, examination of the assigned tasks re-

vealed that univariate assessments were almost invariably per-
formed because the class concerned had been restricted to one
dependent variable, otherwise multivariate designs were used.
Similarly, projects appeared to involve cost-effect assessments
whenever this was assigned and virtually all projects invclved
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a control group if one was possible in the problem concerned.
Apparently, the mere presence of a control constituted an "assign-
ment".

The effect of the highly visible “"presence" of a variable in
the simulated situation was particularly striking in the case of
costs which are always printed out by the FEHR program. Even
when classes were explicitly instructed to ignore experimental
costs, they seemed unable to do so. Again and again the authors
observed subjects in these classes arguing against certain test
selections and experimental designs because they were “too )
expensive to be practicai". Although not as prevalent, similar
arguments were heard with respect to the inadvisability of making
a decision on the basis of a single variable. In classes restric-
ted to a single dependent variable, many teams requested that a
different dependent variable be assigned to each team member.

The rationale for this was usually based on the notion that gains
on one variable could be offset by losses on another. For
example, in the remedial arithmetic problem several teams felt
that losses (i.e., arrested growth) in problem solving ability
attributable to removal from class was just as important as

gains in computational skill resulting from the remedial treat-
ment. They were therefore unwilling to make a decision on the
basis of computation alone even though the added variable meant
additional work'and the course requirements could have been en-
tirely satisfied with a univariate assessment.

Unfortunately, there was no hard evidence for the attainment
of objective three which could be attributed to the FEHR exper-
ience as opposed to the requirements imposed by the instructor

~...and/or the implicit requirements of the pkob]em description.
A formal assessment of objective three would require a follow-
up study to compare the research studies (especially the disser-
tations) of students who experienced FEHR with those who did
not. Unfortunately, the time constraints of this project did
not permit such comparisons to be made -- only a few students
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have reached the dicsertation stage. Some additional support
for this statement was provided by a post hoc examination of

the mean responses to the control group question on the final
test used in the experimental evaluation. The mean for this

item increased uniformly with the amount of FEHR experience,

_but the difference was not significant (p>.10).

Conclusions. The evidence for the achievement of objective three
was inconclusive. In the absence of a definitive follow-up
study, the best that can be said is that the FEHR experience
appears to alert subjects to the desirability of 1nc1udihg
control groups, inultiple dependent variables, and cost effec-
tiveness assessments in their program evaluation studies.

Objective 4.

To increase the interest in research and research methods.

Evidence for the attainment of this objective comes from
three sources: (1) the attainment ratings given to this goal
on the GAQ, (2) the mean interest rating from the SARES instru-
ment (experimental study only), and (3) the mean of interest
scores on the ORS questionnaire (field study only).

Amount of Exposure. The scores on the first three instru-
ments are curvilinearly related to FEHR exposure. People with

zero exposure (the control groups) tended to exhibit moderately
high interest. This dropped significantly with the first expo-
sure to research (either real or FEHR), then gradually climbed
back up to exceed the control group at the extensive-intensive
exposure level (level 5). 1In-all cases, the relationship was
significantly linear within the FEHR exposure levels.

The activity level, as measured by the number of reported
voluntary pursuits of research-related tasks was not available
for the control (zero experience} group. However, within the
four FEHR exposure groups there was a linear increase in the
proportiqn of people engaging in such activities: the observed
percentages were 23%, 38%, 45%, and 48% for groups 2 to 5 respec-
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tively. Because of missing data and non-comparable formats, it
was not feasible to test the significance of this trend, nor of
individual differences between pairs. Héwever, the data does
lend increased credance to the rating-scale results.

The relatively high rating given to research tasks by
neophytes was at first somewhét puzzling. However, after dis-
cussing the phenomenon with a number of trainees, a possible
explanation occurred to us. In this age it is popular to revere
and romanticize science -- hence an unrealistically high rating
by the totally inexperienced. With the first experience comes
the realization that research involves a great deal of hard
work and an exacting routine. Disillusionment sets in and the
ratings dip sharply. From this point on, the ratings are
based on direct experience:. the trend within FEHR exposure
levels should therefore represent real changes in attitude.

This explanation is so consistent with commen experience
that we find it appealing. However, its acceptance is not
critical to our case. Regardless of the persuasiveness of the
above explanation, the pervasive linear relationship between
various interest variables and degree of FEHR exposure within
the experimental groups is sufficient to warrant a positive
conclusion -- particularly in view of the fact that the non-
FEHR research experience (group two in the field study) yielded
the lowest interest means of all (see table 4.21).

Type of Class. The type of class comparison yielded insig-

nificant differences for all except the ORS interest items
(I). The means for the required research classes was signi-
ficantly lower than the means for either the research special-
jsts or the workshop classes, but there was rno significant
difference between specialists and workshop classes. However,
within each class the linear relationship to FEHRkexposure was
maintained. It was concluded that the lower interest in class
one was a function of its required status, and in no way related

to the FEHR system per se.
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Integration. None of the interest variables yielded a
significant difference between classes with projects integrated
into course content and those with independent projects.

Conclusions. Other things being equal, exposure to FEHR does
indeed increase interest in research and research method.
Further, within the range of exposures used in this study,
the greater the exposure, the greater the interest produced.
This relationship held equally well for required, specialist,
and workshop classes.

The hypothesis that integration of the FEHR project into
course content would increase interest was not supported: an
indepehdent project appears to be equally effective in stimu-
Tating interest.

Objgctive 5.

To increase the perceived relevance of the methods and prac-
tice of research/evaluation to (the trainees) educational role.
The evidence for attairment of this objective comes from
the relevance scores on the SARES questionnaire which was

administered in the experimental group only.

Amount of Exposure. The pattern of results almost exactly

parallels those for the interest variables (see Tables 4.6, p.
164). The controls, who were not exposed to any practical
experience in research perceived research methodz as moderately
relevant to their goals. With a minimum exposure to a practicum
(only the routine items) this dropped somewhat, but the mean
value remained moderately high. After the first experience, the
perceived relevance of research/evaiuation increased linearly
with exposure to FEHR.

Type of Class and Integration Level. Neither of these com-
parisons were available in the experimental study.
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Conclusion. Exposure to FEHR increases trainees' perception
of the relevance of research/evaluation to their work role.

Objective 6 and 7. To foster positive attitudes toward the com-
puter and team work.

The evidence for attainment of these objectives comes solely
from written responses solicited from students. Consequently,
none of the three contrasts was deemed appropriate. Only 200
students -- all at the University of Michigan -- were accessible
to be po]]ea; answers were received from 163 of them. Of these,
85% commented that the practicum experience had improved their
regard for the computer and lessened their fear. Only 10% said
it had not affected their view of the computer. The remainder
had no opinion. '

The team work question was answered by 139 respondents. Of
these, 70% considered the team experience valuable and rewarding
but fully 20% found it irksome; the remainder had no opinion.

Conclusion. The FEHR experience as given at the University of
Michigan seems to be quite successful in fostering positive
attitudes towards the computer. It is also successful in
fostering a positive attitude towards group work in most people.
However, a considerable minority were negative to the group
experience. New methods of grouping>shou1d be tried with these
people.

The seven specific objectives above were all assessed in )
terms of their degree of exposure of FEHR, with zero exposure
used as a control group. It was also desirable to obtain
"assessments of two additional critical comparisons: probiem

content areas, and degree of curricular integration.

Problem Content.

Analyses of differences across the eight problems were
hampered by statistical problems caused by missing data ‘and
radical heterogereity of variance. Since problem five had only
one complete formal usage of the revised problem, it was omi?ted
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from analysis. Because of missing data oniy overall analyses
were attempted: it was not possible to assess the interactions
between problem content and exposure level. However, covariance
introduced another difficulty -- problem seven had to he dropped
because of invariant covariate scores.

The analysis of covariance for the interest and difficulty
scores yielded no significant differences among problems 1, 2,
3, 4, 6, and 8.

An examination of the mean proposal and final report ratings
shows that problem seven was very low on both. This was con-
sidered natural, since things like cantrol groups and valid
treatment comparisons, which are heavily weighted on the rating
sheet, are not available in the RMA probiem. A similar restric-
tion on the comparability of ratings exists for problem 6
(TQUES). Finally, the fact that problem 2 (REMAR) was used
almost exclusively with neophytes taking a required course
raised a question about whether its significantly lower mean
score was validly related to the problem contert per se. (For a
diagrammatic summary of these results see table 4.41.)

The net result of the above considerations is that no mean-
ingful conclusions about the relative effectiveness of the eight
problems can be drawn firom the tests and ratings. However, a
number of practical questions about the relative utility of the
problems can be answered from the evaluative comments by
trainees, game managers and course instructors. Since these are
presented in considerable detail in Chapter III, they are not
repeated here: the highlights are presented under conclusions,
below:

Conclusion. On the basis of practical experience and the feed-
back received from various FEHR users, the following conclusions
about the relative utility of the eight problems seem warranted.
See Chapter III for further details.

(1) A11 eight problems are effective as a vehicle for acquainting

trainees with the program evaluation process.
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(2) Trainees are especially interested in problams concerned
with their (approximate) area of interest.

(3) The REMAR problem is especially well suited to general
courses because almost all education students are familiar
with remedial arithmetic as a content area. All of the
other problems require specialized knowledge which the
average ed:cation student does not have, and frequently
does not need to know. Consequently, we recommend that
these problems be used only with groups of subjects for
which the particular contents will be of value.

(4) The READING problem needs to have its internal parameters
adjusted to reduce the proportions of students at criterion
on the objective referenced tests. (This task is currently
underway.) o

(5) The TQUES problem is useful for studying questionnaire
analysis and construct validity procedures. It is also a
useful vehicle for studying the practical and theoretical
implications of student evaluation of courses via question-
naire items. It is not particularly suited to program
evaluation as such.

(6) The BUSING problem is probably no longer of direct relevance
given the current national status of the busing issue. How-
ever, it may still be useful to study the process involved
in evaluating the effects of policy changes of this sort.

Implications for Dissemination and Use

The findings reviewed above provides compelling evidence
that, correctly used, the FEHR system can be enormously useful
in teaching research/evaluation skills. FEHR-PRACTICUM in its
present flexible form nas proven quite effective for creative
instructors who are willing to adapt their methods to the
problem solving mode which is inherently most compatible with
the FEHR system. It seems equally apparent that it may not
prove useful to instructors who are unwilling or unable to
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adapt their methods. The implications for dissemination derive
from the pedagogical philosophy built into the FEHR system.

Some Philosophical Considerations. FEHR was designed to
be a flexible pedagogical tool adaptable to many instructional
purposes. To accomplish this aim, the problems were described
in rather global terms, leaving the operational specification
of the problem to the users. Thus, if an instructor/Game
Manager desired his/her trainees to practice problem definition

skills he/she could require the teams themselves to operation-
alize the problem. If, on the other hand, the instructor/Game
Manager wished to concentrate on research design and analysis
skills, he/she might provide an operational definition of the
problem and ask the teams to work within it. Additional
adjustment to the scope of the players' task could be made by

restricting the number of tr2atments to be assessed, the number ~

of variables to be considered, and/or the number and type of
research subiects to be used.

Despite the conscious emphasis on adapting to an instruc-
tor's purposes, it might be a mistake to assume that FEHR is
completely non-didactic. Like most instructional products, the
FEHR-PRACTICUM system is an implicit operational statement of
the instructional philosophy of its authors. There is a per-
vasive bias which tends to nurture a particular view of the
research process and to encourage the use of some instructional
practices while discouraging others. We believe that the opti-
mal results can be achieved only if FEHR is used in a manner
consistent with its basic structure. Consequently, the remain-
der of this section is devoted to an explication of the more
important beliefs and principles upon which FEHR-PRACTICUM is
based.

a. We believe that the empirical evaluation of educational
programs is inherentiy a mu]tidimensiona]lprocess re- -
quiring the interrelation and synthesis of frequently
conflicting information from a variety of sources. 1In
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our view. a single measure can almost never provide
adequate assessment of educational effectiveness per se.
In addition, the practical realities dictate that many
factors other than a program's effectiveness in meeting
an objective be considered. For exampie, the cost of

a program and its degree of support among teachers,
parents, and students must be taken into account. To
complicate the process still further, there is always

a host of irrelevant variables to divert the researcher/
evaluator's attention from the important issues. In

an attempt to capture some of this multidimensionality,
each FEHR problem contains a variety of variables
(tests) in each of several domains (attitudes, achieve-
ment, etc.), and several subgroups of subjects.

We are firmly convinced of the validity of the notion
that we best learn research skills by doing research.

In the area of evaluation and decision-oriented re-
search, we would put the case even more strong]j.u One
can Tearn to handle ambiguity and compiexity only by
working with ambiguous problems in a complex environment.
Each FEHR problem is desighed to provide this kind of
experience. The problem definition supplied in the RFP
is purposely broad and somewhat ambiguous, and there are
always several treatments, many dependent variables
(variables which change as a result of a treatment), and
many moderator variables (variables which do not them-
selves change as a result of a treatment, but which
change the effect of the treatment on one or more
dependent variables).

We recognize that for novice trainees it may be pedagog-
jcally desirable to begin on a simplified problem.
However, we consciously opted not to provide simple
problem descriptions with only two or three treatmerts
and a single dependent variable. However, the Game
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Manager or the players themselves may delimit the
problem to provide an equivalent simplifying effect.

It is our belief that a problem which is consciously
delimited in the presence of complexity provides a more
valid view of research, and consequently develops skills
which are more likely to generalize to field research
than would result from presenting only the delimited
problem withou* the surrounding details.

The above view of the research/evaluation process
suggests that there is no universal research method
which can be learned in a relatively simple context
(e.g., a laboratory), and later applied directly to
practical problems in a variety of settings. Rather
there are a variety of methods and techniques which
must be combined, adapted, and synthesized to meet the
idiosyncracies of a given practical problem. Since
these combinations and adaptations frequently result in
methods which differ in substantive ways from the
originals, we call the resultant strategy an idiosyn-
cratic research method.

The FEHR system provides for training in the develop-
ment of idiesyncratic research strategies in two ways.
First, the eight problems require vastly different
research approaches. Second, within each problem it is
possible to define the research objectives in several
different ways, with each definition requiring a
different research approach.

The need for idiosyncratic methods demands that programs
to train researchers/evaluators emphasize the process

by which a research strategy is developed rather than
the strategy per se. For this reason the entire FEHR
system is designed to create the desire to know and to
provide an opportunity to discover.
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One can best illustrate the discovery approach by
examining its alternative. It is possible to use FEHR
didactically. For example, a particular research
strategy could be taught by "solving" a FEHR problem in
class, and then asking trairees to practice that solu-
tion method using a different sample of subjects (e.g.,
a different school). While this sort of practice is
undoubtedly useful, we do not-believe that it takes full
advantage of the systemfggﬁéwer..’Nor.does it facilitate
learniig how to adapt a fﬁgéreticé1 method to a practical
need. ' |

A less didactic procedure which is more consistent
with the training needs would proceed as follows: First,
trainees are allowed to struggle with a problem until
they deveiop a need for the method to be taught (but
not long enough to become overly frustrated). Second,
the research method is taught utilizing an example
different from the problem with which trainees are work-
ing. Third, trainees adapt the method to their own
problem needs. We are convinced that this "discovery"
approach will result in a greater depth of understanding
and longer retention than more didactic procedures.

The discovery approach outlined above requires that a
great deal of individualized instruction be available
during the practicum. The FEHR consultants are intended
to provide this service. In our experience, intensive
team~by-team consultation provides far greater increments
in Tearning than a comparable effort expended in large-
class session--even though: the 1atter1mgthod covers (at
least superficially) far more materia].A To supplement
the consultants, some users may wish to make a variety
of programmed materials on research methods available to
the players. Several examples of suitable materials are
listed in the appendices of the Player's Instructions.
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In any case, we believe it is a serious mistake to use
the FEHR system to supplement an existing résearch/
evaluation course without adopting appropriate.instruc-
tional techniqués. |

The foregoing emphasis on multidimensionality and com-
plexity encourages teams to devise studies involving
data sets which are considerably larger than those

found in the usual laboratory exercise. The opportunity
to develop sk{lls in this area is a feature of FEHR
which ought to be exploited whenever possible.

Despite FEHR's admitted bias towards large data sets,

the sheer size of the research populations, the number -
of available variables, and the redundancy of 1nfofma-
tion (e.3., some problems have seven or eight intelli-
gence tests) encourages the use of sampling For both
subjects and variables. In most settings we would urge
the ganre manager to provide further motivation in this
direction by placing reasonable 1imits on budgets, number
¢f subjects, and number of variables.

The budgeting aspects of FEHR are considered an important
and integral part of the practicum. More than ény other .
element, costs motivate the players to plan their activ-
ities. Budgeting financial resources generalizes to
budgeting of time and (nonfinancial) resources. In fact,
it has been our experience that the various costs
attached to treatments cause trainees to chénge their
behavior even when they have been told to ignore . costs.
For example, most trainees refused to-use the Stanford-
Binet IQ test when they noticed its price ($12.65 per
student) even though they were not being charged for it.
In respect to costs, it is important for the user to
realize that there is an intricate non-linear velation-
ship amohb test cost, reliability and total experimenta’
cost. The experimental costs can only be compared by
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holding statistical power constant. To get an intuitive
feel for this relationship, assume a matched experi-
mental design in which there is a perfect correlation
between the trie scores of the matched elements. In
this case, all the experimental error is attributable to
test unreliability. Thus, given test A with a reliabil-
ity of .91 for $3 and test B with a reliability of .84
for $2. Using test B the error variance would be
SQRT(1-rel) or 4/3 times the error using test A. To
maintain statistical power equivalent to that obtained
with test A, we must use 42/32 or 1.77 times as many
people in the experiment. Thus using test B we would
actually spend $2 X 1.78 = $3.45 for each $3 using test
A. ‘

j. Finally, we believe that the team approach provides an.
added dimension of great value to the FEHR-PRACTICUM
experience. The value is of two sorts. First, our
experience shows that there is a tremendous amount of
intra team teaching and learning during a FEHR prcject:
Second, evaluative research in the practical wor  tends
to be a team projecﬁ. Consequently, any group-process
skills learned durirg the practicum will have a direct
and positive carryover. We drge instructors/game

managers to use teams wherever possible. OQur experience

shows that the team size should not be smaller than
three noir greater than five. Larger teams tend to break
into subunits with one set of trainees-doing most of

the work. Smaller teams tend to have less verbal inter-
action and hence less opportunity to learn.

Some Difficulties: Need for Further Development

The most definitive finding of the evaluation was that
FEHR projects are most effective when they are an integral part
of a training curriculum. In the previous section we have

. spelled out some of the principles by which a beneficial inte-
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gration can be accomplished. However, it should be obvious
that this is a difficult and demanding task. Unfortunately,
many would-be users of the FEHR system have neither the time
nor inclination to make.;hé necessary adaptations. What is
required to reach these potential clierts is a didactic and
comprehensive programmed curriculum which uiilizes all of "
FEHR's uniqUe capacities to teach research/evaluatior technidues
and principles in a problem solving discovery mace. The

authors of these materials are currently expToring various
methods of supporting this additional work.
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APPENDIX 3A
BUDGET

Treatments

AUTOMATH

Set~up Cost/40 Subjects
Maintenance Cost/40 Subjects/15 Weeks
Measurement - SATCOMP/40 Subjects
ITBSCONC/40 Subjects
_ Sub-Total

IRA

Set-up Cost/40 Subjects

Maintenance Cost/40 Subjects/15 Weeks

Measurement - SATCOMP/40 Subjects
ITBSCONC/40 Subjects

Sub-Total
Present Practice
Set-up Cost/40 Subjects
Maintenance Cost/4C Subjects ,
Measurement - SATCOMP/40 Subjects
ITBSCONC/40 Subjects
Sub-Total
Salary ’
Team #5 Salary/8 Weeks/2 Research Persons _
Sub-Total
Security
Security Deposit in Escrow
Sub-Total
Miscellaneous
Contingency or Miscellaneous Expenses
Sub-Total
TOTAL

2606

252

$0
12,000.00
12.00
8.00

12,020.00

$ 800.00

6,000.00
12.00-
8.00

$ 5,600.00

$ 5,600.00

$ 2,000.00
$72,000.00

$ 1,200.00

$1 ,266 Uu

$27,660.00



APPENDIX 4A

Name

FINAL EXAM. ED. C655, L.S. Collet, Fall 1972.
Part 1. To be done in class.

1. . Suppose you have two groups of scores which you wish to test for a signi-
ficant difference in means. If there is an equal number of scores in the
two groups, it is always possible to arrange the scores in pairs. Thus,
it is possible to calculate either a t test for independent samples or

a t test for dependent (paired)”

Group 1 Group 2 D1fference samples. Use the example at left
X Y (X-Y) to show how you would calculate
6 3 3 each type of test. It is not nece-
5 4 ] ssary to complete all the computa-
7 5 2 tions -- just show the formuia you
9 6 3 would use in each case, and substi-
8 7 1 tute the correct numbers from the

data given at left.
Independent Samples.

IX <35 1y< 25 5010
zx2 =225 1y%=135  zD%= 24
=10 zy?=10 zd%= 4

Corrdated samples (paired scores)

2. Explain how you can tell whether to use a correlated (matched pair) or
1ndependent t test, and give an example of a s1tuat1on in which each
test is appropr1ate

3. It is also possible to compute the significance of the difference in group
means using an analysis of variance (one way classification). Use the
Winer computation formulas at left to complete the summary of analysis
table on the following page Then use the results to answer questions

4 and 5.
267
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Winer Formula SUMMAFY_OF ANALYSIS OF VARIANCE

(1) 62/pn + = 60460/(245) = 360 Source s df__Ms o
2. _ Total dedcddde -

(2) TX"= 3w3+4xl+...+8,8 = 390 Athetween " T T

(3) (zA%)/n 25%+352 = 370 Error

— . ————

10.

1.

12.

Compare and contrast the F ratio and the t ratio as tests of the significance
of differences in group means. -

Using the data from examples given in Items 1 and 3, explain how to test for
homogeneity of variance in the two groups. (Use ﬂnax)

Explain the purpose bchind a test for homogeneity of variance, and the
procedure which should follow if the test is: (a{ significant (b) not
significant.

Explain the difference between accepting the null hypothesis and failing
to reject the null hypothesis. Which terminology do you recommend, and
why?

‘What is the meaning of “random selection" and why is it important to

experimental design?

Explain the meaning of:"critical value of t (or z)","critical regicn", and
"region of rejection". (Use a diagram).

Name four levels of measurement and expiain why it is important to be able
to distinguish among them. -

Explain the differaice between independent variables and dependent variables,
and give an exar. e to show how these terms apply to a research problem.

Compare and contrast type 1 error and type 2 error.
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PART TWO, FINAL EXAM, ED. C655. THIS SECTION DOES COUNT ON THE FINAL GRADE .
FOR THIS COURSE. CAREFULLY READ THE EXPERIMENT DESCRIBED BELOW, THEN ANSWER
EACH OF THE QUESTIONS WITH REFERENCE TO THE INFORMATION GIVEN.

An educator had spent several years developing what he referred to as
an Inquiry approach to teaching social studies. He has now developed a
systematic method of translating a set of educational objectives into an
"inquiry" lesson. He hypothesizes that any teacher who uses the method and
follows the lesson plan developed will produce greater academic achievement
in his students. '

To test this hypothesis, the educator arranged a field experiment in a

~local school system. Twenty teachers, eacn of whom has a single social studies
class at the junior high level, agreed to participate in the experiment. These .
teachers were rardomly divided into two groups of ten teachers each. The first
group was assigned to the experimental condition (inquiry lessons via the
educator's programmed materials), and the second group were assigned to a
conﬁ;o] condition (lessons developed by whatever methods the teacher usually
used).

The educator and the twenty teachers next selected a body of social-
studies content which was appropriate for the grades concerned, but was not
presently being taught by any of the teachers. Next, they‘cooperatively
developed a set of instructional objectives based on the content, and two
parallel forms of an achievement'test-measuring the extent to which these
objectives were attained. A trial run with the tests, using students from

- another system which was studying the content in question, showed that the
two test forms were highiy correlated (r+ = +.93) and of equivalent difficulty
(the mean score on test form 1 was 51.2 and on form 2 was 51.4).

Next, each teacher developed his lesson plan according to the condition
to which he was assigned -- experimental teachers used the educator's lesson-
development materials while control teachers used their usual method, The
teachers all taught the chosen content by the lessen plans prepared (above)
during the next eight weeks. At the beginning of the period, each student
was administered form 1 of the achievement test, and at the end of the eight
weeks each student wrote form 2 of the test. The gain score for each student
was then calculated by subtracting the pre-test score from the post-test score.

ANSWER THE FOLLOWING QUESTIONS: -

13. Cne of the educator's statistical advisors suggested that the gain scores
fer the two groups of classrocoms be entered into one giant t test, with
each group containing 10m students, where n is the number of students per
cless. (Assume, for purposes of this discussion, that each class had
exactly n=30 students.) The second statistical advisor agreed that a
t test couli be used to compara gain scores in the two groups, but he
recommended that the pooled estimate of sigma be based on tine original
20 classrooms rather than on two big groups ¢f 300 students each.

la. How many degrees of freedom would be associated with each t test?
‘Method 1 df ; Method 2 df '

1b.  Which method would result in the larger error, -and why?

lc. Which method would you recommend, and why?




14.

15.

Still another advisor recommended that the experiment be analyzed as a
simple t test of the mean achievement gain for each teacher. He reasoned
that entire classrooms were the appropriate unit of observation whenever
the experimenter wished to generalize to a teaching method as oppesed to
a learning method. Thus in this case, the appropriate n was 10 in the
experimental condition and 10 in the control condition. Obviously, the

single best number to represent a whole class (or teacher) would thus be
the mean of the gain scores for that class.

2a. In the space below, sketch out a diagrammatic representation of
this design, and show exactly how you would go about computing the
t ratio. Use appropriate symbols and formulas throughout.

What is your critical reaction to the suggestion in 2, above? Explain
fully.

270
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APPENDIX 4B

GUIDELINES FOR JUDGING RESEARCH/EVALUATION PROPOSALS AND FINAL REPORTS
USING THE FEHR~PRACTICUM RATING SHEET

The FEHR-PRACTICUM Rating Sheet is an analytic approach to
Judging the quality of a proposal or report. The overall strategy
is to improve reliability and validity by requiring the rater to
make separate judgments regarding the presence or absence of various
characteristics considered by experts to be typical of high quality
products. These characteristics are grouped according to the usual
organizational components (e.g., introduction), and assigned arbi-

trary weights reflecting their relative importance to the overall
rating.

Rating Instructions. Fill in the blank opposite each' charac-
teristic 11sted on your Rating Sheet using the scoring guidelines
listed below. For each characteristic, use the rating opposite the
statement which best describes the product being rated with respect
to the characteristic concerned. When a1l the characteristics within
a component have been rated, sum the characteristic ratings to obtain
an overall rating, and place it in the box provided. IF THE OBTAINED
SUM IS NEGATIVE, ASSIGN A RATING OF ZERO.

A. Preliminary Matérials

1. Title page characteristics.

(a) The problem is precisely identified in the title. Give:

2 points if the title identifies the target population,
the key dependent variable(s), and the critical com-
parisons to be made. Subtract one point for each of
these elements to a minimum rating of zero.

(b) The title is sufficiently concise for indexing. Give:

1 point if the title has 20 words or fewer and contains
at least three keywords which accurately reflect the
contents; otherwise 0 points.

(c) The title is too long or wordy. Give penalty of:
-1 point if the title exceeds 25 words in length; no
deduction otherwise.
(d) The format of the title pade is inappropriate and/or there
is incomplete author infermation. Give penalty of: -

-1 pcint if the format does not conform to the prescribed
standard or, in the absence of a prescribed standard, if
the author is not identified;.no_deduction otherwise,

2. Tables of contents, figures, etc. Give:

4 points if there is a combTete table of contents listing
every major heading in the text and 1istings which item-
ize &1l the figures and tables in the text.
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3 points if both types of listings (above) are present but
one is incomplete.

2 points if there is a complete table of contents but no
listing of figures/tablec OR if both contents and figures/
tables are listed but both are incomplete.

1 point for an incomplete tabln of contents OR incomplete
figures/tables listing.

0 points otherwise.
3. Characteristics of abstract. (Award all zeroes if 1ength‘exceeds

assigned maximum.)
(a) The study purpose is outlined in the abstract. Give:

2 points if it summavizes the major questions to be studied
in terms of relationships among variables.

1 point if it summarizes the questions, but the explicit
relations to be studied are unclear.

0 points otherwise.

(b) The target population is identified. Give:

1 point if the population to whom the results are generalized
is identified.

(c) Major dependent variables identified. Give:
1 point if the number and type of students are described.
0 points otherwise.

(d) The design is outlined. Give:
2 points if the design is ciearly and accurately synopsized.

1 point if a summary statement of design exists, but any one
of the following is missing: sampling procedures, de-
pendent variable(s), independent or moderator variables.

¢ points if there is no attempt to describe the design OR
if two or more of the above elements are missing.

(e} The anziytic procedures are outlired. Give:

2 points if the statistical (or other analytic) procedure
used is clearly identified.

1 point if the procedure is mentioned but it is unclear
what was done. B

0 points otherwise.

(f) The key comparisons are outlined. Give:

2 points if the critical contrasts are explicitly identified.
(It is not necessary that they be labelled.)

1 point if the key contrasts are implied but not explicitly
meritioned.

0 points otherwise.




4B.3

B. Body of the Proposal

1. Characteristics of the introduction.

An introductory section need not be labelled, but it must
appear within the first third of the body of the proposal or’

report. It would normally contain the fellowing elements in any
order and under any label or heading. _

(a) A statement of the problem. Many writers have used the
"statement of the problem" label as if it is synonymous to
"background of the study" and/or "purpose of the study",
However, in this document the three terms have distinct
and rather unique meanings, as explicated by the scoring
guides for items (a) through (c). It is important that the
user rate these items along the delineated dimensions. Give:

4 points if there is an explicit statement of the "basic"
or "root" problem. To rate full credit, the statement
should identify, at least in general terms, each of the
following:

(i) the system being studied

éii) what is presently happening in the system

ii1) what should be happening in the system

(iv) the reason for believing that it should happen

Assign one point for each of the above elements present.

(b) A description of the context or background of the study. Give:

4 puints if the questions:. "Why was this study proposed?"
and "What has been done in this area by previous workers?"
are explicitly answered.

2 points if only one of the above questions is answered OR
* if the answers are implicit rather than explicit.

0 points otherwise,

(c) The purpose of the study is defined within the first third
of the text. Give:

4 points if there is an explicit statement of the specific
questions to be answered by the study AND all questions
are stated in terms of relationshins among variables AND
the questions are consistent with the remaining text.

3 points if the questicns are consistent *ith the text and
stated explicitly b:x not as relationships among variables.

2 points if the questions are explicit but inconsistent”
with the t~t OR if the questions are consistent but
stated implicitly rather than explicitly.

1 point if there is a section labelled "purpose”, "problem
stateilent", or some synonymous term, which states the
questions to be answered, but most of the questions are
vague.or ambiguous.

2%3
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0 points if more than one third of the document must be
read to determine its purpose.

(d) The importance of the study is established. Ggive:

2 points if there is an explicit statement of the potentia]
benefits of the study.

1 point if the statement is implicit rather than explicit.
0 points otherwise.

(e) The sccpe of the study is delimited. G&ive:

2 points if there is an explicit statement expiaining why
the study vis focused on the particular population
and variables chosein.

1 point if it is clear why these were chosen but no explicit
explanation is made. '

0 points otherwise.

(f) The major assumptions and limitations are identified. Give:

4 pcints if the introductory section contains an exg]icit
mention of all the important assumptions which underiie
the study AND/OR the important Timitations and weaknesses
of the study.

3 points if the above statement appears after. the intro-
ductory section -- e.g. in the results or discussion
sections. ’

2 points if there is implicit rather than explicit discussion
of the assumptions and/or limitations OR if no discussion
exists but the rater cannot identify potentially dangerous
assumptions or limitations.

1 point if the rater can identify one critical assumption -
~or limitation (i.e., one which would definitely change
the thrust or interpretation or validity of the study)
which has not been discussed.

0 points if there is no discussion of assumptions or limi-
tations in the entire study AND the rater can identify
important assumptions or limitations (i.e., ones that
might change the thrust or interpretation or validity of
the study). :

NOTE. In many studies a section of text which provides definitions
of terms with unique or restricted technical meanings appears in or
near the introduction. Since these meanings are closely related to
the overall strategy or conceptual framework 6f the study, they are
evaluated under that heading vather than here. \

27 i
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(g) The material within the introductory section lacks logical
interrelations. Give penalties of:

 points if the material presented is smoothly connected
and many of the above characteristics are present and
individually meaningful, but there are inconsistencies,
contradictions or ambiguities among characteristics.

-2 points if it would be necessary for the average member
of the intended cudience to read the section several
times to determine what the study is about. (Do not im-
pose this penalty if the re-reading is necessary because
the reader does not have the background knowledge common
to the writer's intended audiencel)

-4 points if even after successive readings the average
member would be uncertain about thz study's purposes.

-8 points if after successive readings the average reader
in the intended audience would have no idea what the
study is about. .

2. Characteristics of the review of the related literature.

(a) The articles reviewed are clearly related to the study.
Give: '

4 points if there are mere than five articles (or reports
or books) reviewed and all of them are clearly related
to the study. When fewer than five studies are reported,
full credit is given only if every study is at Jeast
marginally related AN ere is evidence of a thorough
search (e.g., Education Index, Psychological Abstracts,
and ERIC for at least the Jast five years).

. 3 points if only 3-5 clearly-related articles are reviewed
without evidence of a thorough search OR if there are
more than five articles reviewed with the majority clearly
related to the study and none :bsolutely irrelevant OR
if 1-3 related articles have been reviewed but there is
evidence that a thorough search has been made. (It is
explicitly assumed that there will always be some relevant
theory or practical experience to discuss.)

2 points if there are at least five clearly-related studies
but also one or more absolutely irrelevant studies in- :
cluded OR if one or more absolutely irrelevant studies
are inciuded with fewer than five clearly-relatad studies
and evidence of a thorough search. '

1 point if only marginally related articles are presented
without evidence of a thorough search.

0 points if no material is reviewed OR i7 none of the above
statements apnly.




(b) The methods (logical analyses, research procedures. and
data analyses techniques) used in the reviewed articles
are critically evaluated. Give:

4 points if the review indicates the methods used in each
study and makes explicit substantive evaluations of their
adequacy. Hewever, it is not necessary to make such
comments about each article separately; it is, in fact,
preferable to group studies with common themes ‘and/or
methods and evaluate them as a group.

3 points if the subsiantive evaluation (above) occurs but
the minority of the criticisms are not supported in con-
text (but do appear logical).

2 points if the evaluations occur but inore than half are
unsupported, OR if there are well supported evaluations
for about half the articles and none for the others, OR
all e;a]uations accur but many are picayune or unsubstan-
tiated.,

(c) The articles reviewed are representative of the domain
studied. Give: :

-

% points if there is evidence that the reviewed materials
cover all the major developments in theory, research, and
practice during at least the last five Years which have a
direct bearing on the study. Light coverage of an area
is permissible only if there is explicit evidence that
little has been done.

2 points if there is one of the above areas missing without .

evidence that no work has been done in the area.

1 point if two of the above areas are missing without evi-
dence that no work has been done (e.g., suppose only the
rezearch articles have beer reviewed?

G points otherwise.

(d) The articles reviewed are grouped in logical order. Give:

4 points if the reviewed articles are grouped by common
themes and evaluated and/or interpreted by groups in a
logical order. If only four or five studies are pre-
" sentec, full marks could be obtained only if there is
i evidence of a thorough search -- in this case it is only
\ necessary for the articles to be discussed in a logical
order,

2 points if there is some avoidable redundancy in article
descriptions and/or evaluations but it does not add more
than 20% to the time required for reading the review.

0 points if the redundancy zdds more than 20% to the time
required for reading the review. - .
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(e)” The rewview is summarized and synthesized. Give:

4 poirts if there is a summary presented which points out
the areas of agreement and disagreement among articles
within each area (theory, research and practice), and
demonstrates how the material from each of the areas
relates to the problem being investigated.

2 points if the.above summary exists but there is no ex-
plicit statement of its relationship to the problem OR
if adequate summaries of the various areas (theory, i:-
search and practice) are present but no attempt is made
to interrelate them.

0 points if neither of the abave statements is applicanle.
- (f) Relevant studies are missing from the review. Give penal-
ties as outlined to a maximum of -8. <

-1 point for each missing directly-related article (book,
etc,) which was listed during the last five years in
Education Index, Psychological Abstracts, ERIC, or any
other reference ‘commonly used by the audience concerned.

-2 points for each missing article (hook, etc.) from any
source commonly avaiiabie to the intended audience which
would substantively alter the study or its interpretation.

3. Characferistics of the conceptual framework or rationale,

(2) There exists a statement of the principles from which the
study plan derives. Give:

4 points if tne study contains a section which clearly ex-
plains why each of the specific variable relationships
(specific hypotheses) to be evaluated in the study was
chosen. The sectich need not have a separate heading,
but labels such as "rationale", "conceptual framework",
"etrategy", and the like are common.

3 points if the above explanstions exist, but do not appear
in a single unit of text {e.g., there is a separate
rationale for each hypothesis).

2 points if there is an explicit attempt to explain each
choice but the reasons for one or more of the selections
remain us:lear OR if there is no explicit explanation
but all choices are explained in context.

1 point if there is nc explicit explanation and most, but
not all, of the choices are explained in context.

0 points if none of the above statements is appiicable.

(b) The principles in (a) are derived from the theory and re-
search reviewed. Give:

4 points if there is an obvious relationship between the
reviewed literature (or the review summary) and the

2%
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conceptual framework OR if an explicit statement ex-
plaining the relationship is provided. To obtain ful]
mavks here, section (a) must have obtained at least a 2
rating (i.e., a > 2).

points if no conceptual framework (i.e., a < 2) between
the reviewed literature (or the review summary) and the
variable relationships (hypotheses) to be evaluated is
either obvious or explicitly explained.

0 points if neither of the above statements is applicable.

n

(c) The principles from which the study plan was derived form
a coherent unit., Give:

4 points if there are listed principles (i.e., a » 2)

- which fit together naturally or are explicitly Tntegrated
and synthesized to form a coherent viewpoint. A set of
principles are coherent if data providing divect support
for the validity of one principle tends to bz supportive
of every other principle.

2 points if most of the principles are coherent (in the
above sense) but some appear to bc entirely discrete
and independent OR if there is no explicit statement of
the conceptual framework (i.e., a < 2) but the vaviable
relationships (hypotheses) to be evaluated form a co-
herent set.

0 points if neither of the above statements is applicable.

(d) The principal criteria get at the main purpose or objec-
tives of an educational enterprise while the modifying
criteria get at the practical background factors (such as
cost, convenience, and time involved) and/or the uninterded
consequences of the enterprise (e.g., parent hostility).
Give: '

4 points if both kinds of criteria are included and an ex-
plicit distinction is made as to their use in inter-
preting data. (The labels "principal” and “modi fying"
need not be used.) .

3 points if both kinds are inc]uded and their use is clear,
but the distinction is implicit rather than explicit.

2 points if both kinds of criteria are present, but it is
not clear how they will be used in "solving" the stated
problem. '

0 points if none of the above statements is applicasle.
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(e) The substantive research hypotheses are stated, or, in the
case of a non-experimental study, the probable result
patterns! are stated and the implications of each pattern
explained. Give: -

4 points if there is a set of explicit and unambiguous
statements of substantive hypotheses or prcbable result
patterns which is consistent with the purpose(s) of the
study and which provides comprehensive coverage of the
questions the study was intended to answer. In addition,
each hypothesis or result pattern should be:

(i) referenced to a specific target population.

(i1) stated in terms of relationships among
variapies.

(ii1) concerned with observable variable and/or
operationally defined constructs.

(iv) (h¥potheses but not result patterns should
be; stated in an "if ... then" fowm.

3 points if elements {i) and/or (iv) are missing OR if
element (iii) is missing for a minority of variables.

2 points if any two of the following element-sets are
missing: (i) and/or (iv), {(ii), ?iii); OR if there is
a set of statements which possess all the character-
istics of a 4 rating sxcept that the set covers a ma-
jority but not all of the questions which the study
was intended to answer,.

1 point if there is a recognizable attempt.to provide a
statement of substantive hypotheses or result patterns
which does not possess enough of the listed character-
elements to merit a 2 rating.

0 points if none of the above statements are applicable.

(f) The specific or unique terms used in the study are defined.
Give:

2 points if all the terms encountered should be clear to
the intended audience because they are already familiar
or because they have been defined {(2ithier in context or
n a specially labelled section).

1 point if there is an explicit attempt to define terms,
p:* := is incomplete or ambigious.

1 The term"probable result patterns" refers to the particular kinds
of interrelationships among variablas for which the experimenter
intends to search. It is preferabi2 for the educational meaning
of each of tixse patterns to be pre-specified for the same reasons
as planned :.:aparisons are preferable to post hoc comparisons in

. an experimental study.
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(g) There is an explicit criterion of success. Give:

4 points if there appears in the text a statement or state-
ments which either explicitly or implicitly define(s)
a decision rule for determining whether the purposes of
the study have been fulfilled.

Characteristics of the method or procedure.

(a) The subjects are described. Give:

2 points if there is & :esr~iption of the pool of subjects
from which the rese:. * .:mples were chosen, It should
specify the distribu: . ¢ characteristics salient to
tho problem (usually si. things as age, educational
level and-the 1ike). If this pool of subjects is not
the (entire) target population, per se, there must also
De an zssessment of its representativeness of that
population,

1 point if there is a description, but it omits one or
more salient characteristics.

O points if neither of the above statements is applicable,

(b) The sampiing p%ocedure is described. Give:

2 points if the description which is sufficiently detailed
to permit replication.

1 point if there is a clear description, but insufficient
detail for replication.

0 points if neither of the above statements is applicuile.

(c) The sampling is representative. G&ive:

4 points if the sampling will allow valid generalization
to the target pobulation OR if a rational argument for
assuming valid generalization is presented.

2 points if there is a mild bias in the representativeness
of the sampling, but this should not affect validity.

0 points if neither of the above statements is applicable,

{d) The design of the stidy is described. Give:

% points if the design is described with sufficient detail
and accuracy to permit complete replication.

3 points if there is sufficient description to permit
replication of the main elements of the design but some
details are missing.

2 points if there is a coherent design description but it
weuld not permit replication of one or more of the main
design elements,
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1 point if there is a section labelled "design". but it
is ambiguous or unclear.

0 points if none of the above statements is applicable.

(e) There is design rationale. Give:
2 points if there is a section which:

(i) explains why the particular design was chosen.
(i1) assesses the validity of the design chosen.

Subtract one point for each of the above elements missing.

(f) The variable$ are not operationally defined. Penalties
are assessed for each depondent, independent, or moderator
variable which is NOT oparationally defined in terms of
observable criteria. Give penalties of:

-2 points for each variable concerned with a primary hy-
pothesis.

-1 point for each variable concerned with a secondary hy-
pothesis,

THE MAXIMUM PENALTY IS -4.

(g) The design provides the.critica] comparison groups. Give:

2 points if the design provides for a control group and
separable groups for each treatment to be assessed.

0 points if the above statement does not apply.

(h) The design provides for valid comparisons. Give:

2 points it all critical comparisons implied by the {de-
limited} objectives (problem or purpose) of the study
can he assessed within the design. If there are possible
confoundings, a rational argument for assuming the ef-
fects of confounded variables are negligible must be
given,

1 point if coifoundings occur without supporting arguments,
but su:i arguments could be made.

0 points 7 neither of the abeve statements is applicable.
(1) Some sources of invalidity are uncontrolled. Give a
penalty of:

-2 points for each uncontrolled source of invalidity which
threatens the main purpof~s of the study.

-1 point for each uncontrolied source of invalidity which
threatens the secondary purrases of the study.

THE MAXIMUM PENALTY IS -4,
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(i) The instrumentation is described. Give:

2 points if each instrument (test, questionnaire, obser-
vation) is described.

1 point-if most but not all instruments are described.
0 points if neither of the above statements is applicable,

(k) Instruments are assessed for reliability and validity.
Give:

4 points if there is an explicit assessment of the re-
TiabiTity and validity of each ins%rument used.

3 points if there is only an assessment of validity (for
one or more instruments).

2 points if there is only an assessment of reliability
for one or more instruments, OR if there are complete
assessments for a majority of instruments.

1 point if there is ary explicit assessment of reliability
or validity for one or more instruments.

0 points if none of the above statements is applicable.

(1) The instrumentation is unsuitable. Give a penalty of:

-2 points for each instance of an instrument which is ir-
valid for its intended use. :

-1 point for each instance of an inappropriate but not
(completely) invalid use of an instrument.

0 points if neither of the above statements is applicable.

(m) The data collection procedures are described. Give:

2 points if the questions "which instruments?", "who ad-
ministered?", "when", and "tc whom" are answered for
each data set.

1 point if any three of the above questions are answered.
0 points if neither of the above statements is applicable.

(n) The data matrix is defined. Give:

, 2 points if there is a schematic representation of the
o data matrix OR if the description is complete enough
to permit such a schematic to be constructed.

1 point if there is an inaccurate or incomplete schematic.
0 points if neither of the above stctements is applicable.

(o) The analytic procadure is described. Give:

4 points if the description is complete enoUgh to permit
replication of the analysis and if there is a rationale

explaining why the procedure was considered most appro-
priate.
82
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(p)

(g)

(r)-

3 points if only the rationale is missing from the above
but the procedure concerned is cormonly used for similar
purposes.

2 points if only the rationale is missing #rom the above
and the procedure concerned is not commonly used, OR if
a rationale is present but the description is insufficient
to permit replication of the analysis.

1 point if there is an attempt at describing the analytic
procedure which does not satisfy any of t": above state-
ments.

C points if none of the above statements is applicable.

The analysis evaluates all hypotheses. Give:

4 points if every hypotheses is explicitly evaluated by
some contrast or measured relationship. (This need not
be a valid contrast or measure to obtain marks.)

2 points if all primary hypotheses are directly evaluated
but one or more secondary hypotheses are evaluated in-
directly, OR if there are redundant {statistical) tests
using a priori probabilities.

0 points if neither of the above statements is applicable.

The analysis is efficient. Give:

4 points if the analysis uses the minimum valid estimate
of error in evaluating comparisons. That is, it maxi-
mizes the statistical power of the test (without changing
the significance ]eve]?

3 points if the analysis is the most efficient (powerful)
of the procedures available to the researcher (e.q.,
univariate ANOVA when MANCVA is called for but not
available on the local computer).

2 points if the analysis is not the most efficient (powerful)
available, but it is reasonably efficient and/or con-
sistent with common practice.

0 points if none of the above statements is applicable.

The analytic piocedures are inappropriate or invalid for
the study's purpose(s). Give penalties of:

-2 points if the procedure will probably lead to an erroneous
- conclusion with respect to one secondary hypothesis.

-4 points if the procedure will probably lead to .an erronecus
conclusion with respect to more than one secondary hy-
pothesis. :

~6 points if the procedure #i11 probably lead ts an erroneous
conclusion with respect to one important hypcthesis but
is sound with respect to the study's major purpose.

g T I*_,
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-8 points if the procedure will probably lead to an erroneous
conclusion with respect to one or more of the study's
major purpose, but can provide some valid conclusions.

-10 points if the procedure cannot lead to any valid con-
clusions and will probably lead to errcneous conclusions
with respect tu the study's major purpocses.

NOTE: Sections 5 to 7 would normally appear in proposals but not
in final reports.

5. Characteristics of the budget.

(a) The source of each item estimate is clear. Give:
2 points if it is obvious how each estimate was computed.
1 point if it is obvious for most items.
0 points if neither of the above statements is applicable.

(b) The standard items are present. Give:

2 points if all items in the guidelines given‘by the
funding agency are present.

1 point if all items are covered but the itemization differs
in unimportant ways from the quidelines.

0 points if the itemization differs substantively from the
guidelines.
(c) Probable costs of delays or increased prices/wages are
anticipated. Give:

2 points if the effects of inflation/deflation and probable
delays.

1 point if an attempt has been made but it is incomplete,
0 points if there is no attempt or an inadequate attempt.

(d) The expenses and probable resources balance the needs of
an adequate project. Give:

2 points if the budgeted amount appears reascnable for the
purpose concerned.

1 paint if the amount is too low to permit an adequate job
or too high to be justified groviding the deficiency or
~ excess does not exceed 20% of the total contract.

0 points if the amount is deficient or excessive by factors
greater than 20%.
(e) The cost effectiveness of the proposed study is assessed.
Give: ‘ :

2 points if there is an explicit and comprehensive at smpt
to demonstrate the cost effectiveness of the proposed

project.
284
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7.

1 point if there is an explicit attempt which is less
than comprehensive.

0 points if neither of the above statements is applicable,

Characteristics of lec stics section.

(a)

(b)

(c)

A schedule of activities is provided. Give:

2 points for a comprehensive schedule.

1 point for a less than comprehensive schedule.

0 points if neither of the above statements is applicable.
The planned work distribution is proportional to the man-
hours available. Giv--

2 points if these elements appear balanced throughout.

1 point if there is a mild increase or decrease in work
with no change in resources.

0 points if there is a sharp increase or decrease in work
with no adjustments to staff.
There are sufficieﬁi personnel available. Give:

2 points if there is evidence that persons with the needed
skills will always be available at the times needed.

1 point if there is some possibility that . .mpetent per-
sonnel will not be available.

0 points if it is likely that competent personnel will
not be available as needed.
Possible bbtt]enecks have been anticipated. Give:

2 points if all probable bottlenecks are explicitly planned
for (OR if no probable bottlenecks exist).

1 point if an incompletes plan for handling bottlenecks is
present.

0 points if neither of the above statements is applicable.

The proposed sequence is logical and efficient. Give:

2 points if the sequence makes optimum use of resources,
and appears- Tikely to work smoothly and well.

1 point if there is a workable plan with less-than-optimum

use qf resources.
0 points if neither of the above statements is applicable.

Characteristics of personnel.

(a)

The major personnel are named. Give:
3 points for a complete list,

2835
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1 point for an incomplete list.

0 points if neither of the abcve statements is applicable.
{b) The responsibilities of all major personnel are defined.

Give:

4 noints for a comprehensive definition of responsibilities.

2 points for an incomplete iist of responsibilities.

0 noints if neither of the above statements is applicable.
(c) There is evidence of the competencies possesszd by each of

the major personnel, Give:

3 points if there is a complete (summary) vita for each
major personnel member.

2 points if one of the vita's is sketchy or incomplete (but
not missing}.

1 point if one vita is missing, OR 1f more than one vita ia
sketchy or incomplete.

0 points if none of the above statements is applicable.
(d) The (major) personnel are inadequate for the proposed pro-
ject. Give a penalty of:

-2 points if a m1nor1ty of the personnel appear competent,
but lacking in experience.

-4 points if a majority of the personnel appear competent,
but lacking in experience.

-6 points if a minority of the personnel are iacking in com-
petence with respect to their assigned tasks.

-8 points if a majority (but not all) of the personnel are
lacking in comp ~e with respect to their assigned tasks.

-10 points if the eucire set of personnel appear to be lacking
in most of the prerequisite skills.
NOTE: Sections 8 and 9 apply > a final report but not to a proposal.
8. Characteristics of the results (statistical conclusions).
(a) There is a result presented for each hypothesis (or relation).

Give:

4 points if every results are explicitly presented for each
hypothesis.

3 points if all hypothesis results are covered, but some
are implicit rather than explicit.

2 points if results are presented for aill but a minor or
secondary hypotheses. .

[ \V]
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(b

(d)

(e)

1 peint if most hypothesis resuits are presented, but some
important hypothesis results are not.

0 points if none of the above statements is applicable.

Explicit statistica? conclusions are stated for each hy-
potnesis. Give:

2 points if each result presented includes a statement
(either in the text or in a table) of the significance
or non-significance of the comparison or relationship
evaluated and the direccion of all significan* Tindings.

1 point if significance, but not directionality, s pre-
sented for one or more of the results, OR if significance
was presented irnplicitly, but not explicitly for some of
the -esults.

0 points if neither of the above statements is applicable.

There are nea. concise displays of all rasults., Give:

2 paints if all results are presented in neat, concise
style wi”h tables used whenever this was advantageous.

1 point if a minority of results were presented in un-
necessarily redundant or wordy style CR if the results
are complete but tables would have added to the clarity
and/or conciseness.

0 points if neither of the above statements is applicable.

The organization of the results is logical. Give:

6 points if the resuits are organized in clear, logical,
easy-to-read style which minimizes the need for recursive
reading (looking back).

4 points if the overall results are clear, but either the
style ‘requires recursive reading which adds less than 25%
to the reading time required, or if there are minor am-
biguities in the text caused by poor connectives or poor
sequencing.

2 points if the organization and style requires an amount
of recursive read1ng which increases reading time by
25-50%, or if major ambiguities are caused by poor con-
nectives or poor sequencing.

0 points if none of the above statements is applicable.
Explanatory graphs or diagrams are used to clarify meaning.
Give:

4 points if all needed graphs (etc.) were included in clear
readable form,

3 points if the needed graphs (etc.) are present but could
be improved in format.

23%
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2 points if some needed graphs {etc.) are absent but those
presented are clear and readable.

1 point if there is any use of grar  or diagrams which adds
to clarify but does not satisfy any of the abcve state-
ments.

0 points if none of the -above statements is applicable.

(f) The results zre sunmarized, confiicts are reconc1]ed, and
an overall synthesis pro%ided. Give:

12 points if there are nortions of text which clearly and
succinctly summarize and synthesize all the results pre-
sented.

9 points if the summary is complete but the text could be
more succinct, OR if there is a succinct summary and
interpretation of individual findings but only a weak
synthesis, OR if there is a succinct, complete summary,
and an adeguate synthesis, but a minor conflict in re-
sults has not been resolved.

6 points if all results are summarized and interpreted
separately, but there is no attempt to interrelate or
synthesize the findings.

3 points if there is a section lahelled "surmary" or the
like which does not satisfy any of the above statements.

0 points if none of the above statements is applicable.

'g) There are prccedural errors in the results -- that is errors
which will always lead to erroneous conclusions. Give
pernaiiies of:

-z xcints for each inaccurate or invalid statistical con-
clusion and/or each invalid interrelationship (synthesis)
of statistical conclusions.

-5 points additional penalty 1f the major ieported con-
clusion(s) are in error.

THE MAXIMUM PENALTY IS -10.
Characteristics of the educational conclusions and implicatioris.
va) An educational meaning is provided for each statistical

conclusion. Give:

4 points if exp]iCit educational interpretations are proé
vided for all statistical conclusions (not necessarily
separate or in the same order).

3 points if all interpretations are provided but one or
more are implicit rather than explicit.

2 p’ if all but a few minor interpretations are pro-
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(b)

.(C)

(d)

1 point if an obvious attempt has been made to provide
interpretations, but none of the above statements is
satisfied.

0 points if none of the above statements is applicable.

The discussion and presentation is cbjective, not
subjective. Give:

4 points if the presentation is entirely objective, free
from biases such as selection of only agreeable facts
or treating all unconfirmed hypotheses as type 2 errors.

3 points if there are occurrences of subjectivity, but these
do not substantively affect conclusions.

2 points if the presentation is objective except for the
treatment of one or more unconfirmed hypotheses as if it
were necessarily due to a type 2 error -- that is the
non-significance was considered due to poor instrumen-
tation, small n and the 1like without entertaining the
possibility that the effects really were zero.

0 points if none of the above statements is applicable.

The pattern of results is interpreted. Give:

4 points if there is an explicit and logical attempt to
integrate the overall meaning of the pattern of results
(as opposed to a discrete iriterpretation of each separate
finding) that was "built in" to the design and analysis
on an a priori basis.

3 points if there is an explicit and logical integration of
the pattern of the results on a post hoc basis.

2 points if there is any explicit attempt to interpret the
overall pattern as an entity which does not satisfy either
of the above statements.

0 points if none of the abave statements is applicable.
The cost effectiveness of the various decision alternatives
are assessed. Give:

8 points if there is an explicit assessment of the cost
effectiveness which possesses the following features:

(i) it includes all the important dependent vari-
ables available (must be more than one).

(ii) it defines the relative importance of each de-
pendent variable.

(iii) it provides a rule or formula for transforming
the raw multivariate data into a single score

° with interval properties which represents the
degree to which the overall objectives has been
met. '
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(e)

NOTE:

4B.20

(iv) it provides comparable data on the cost of
each decision alternative.

(v) features (ii1) and (iv) are combined to give
a single numeric representation of cost effec-
tiveness.

6 points if there is an explicit assessment which possess
ail but features (iii) and (v) above, but which does
possess a decision rule which permits all possible gut-
comes to be ordered (but not scaled as above).

4 points if there is an explicit decision rule which arders
the obtained (but not all possible) outcomes according
to criteria which Tnvolve both features (i) and (iv).

points for any explicit attempt to assess cost-effective-
ness which does not satisfy any of the above statements.

0 points if none of the above statements is applicable.

nN

The conclusions and implications are valid. Give:

4 points if the conclusion and implication are complete,
and each is valid for the populations specified (or if
not specified, for the original target population).

3 points if the major conclusions are complete and valid,
but there is some question about the validity of one or
more secondary conclusions or the implications.

2 points if the conclusions and implications are valid,
~ but some important and rathey obvious conclusions/inter-
pretations are omitted, OR if they do not apply to all
members of the specifiad population.

1 point if there are explicit conclusions which have not
been generalized beyond the experimental data, but which
do not satisfy any of the above statements.

0 points if none of the above statements is applicable.
There are misinterpretations of the results of the analysis,
Give penalties of:

-1 point for each misinterpretation which does not affect
the substantive conclusions,

-2 points for each misinterpretation which affects a sub-
stantive‘conc]us1on, but does not change the major con-
clusions, decisions or recommendations,

-5 points for each misinterpretation which affects the major
conclusions, decisions or recommzndations.

Section 10 is an overal] qualitative judgment which applies
to both proposals and final reports. -
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Characteristics of the general eviluation.

(a)

(b)

(c)

(d)

(e)

The study is physically neat and orderly. Give:
2 points if the entire study is neat and orderly.

1 point if most of the study is neat and orderly, OR if
the study is uniformly moderately neat.

0 points if neither of the above statements is applicable.
The style is acceptable to the audience for which it was
intended. Give:

& points if it meets the style requirement in all respects.

3 points if there are minor deviations from the style re-
quirements, but these require only a moderate amount of
editing.

T point if there are substantive changes, major reorgan-
izations or additions necessary to meet the style re-
quirements.

0 points if none of the above statements is applicable.

Appropriate citations are given in the text. Give:

3 points if citations are given whenever other persons
work is used,

2 points if citations are given for major works, but not-
for those used for secondary purposes. \

1 point if one (but not all) of the citations related to
a major study purpsse is ocmitted.

0 points if more than one citation related to a major pur-
pose is omitted.

The organization makes the study as a whole, clear and

readable. Give:

5 points if it is of superiorclarity and readability.

4 points if it is of good clarity and readability.

3 points if it is of adequate clarity and readability.

2 points if it is of Jess-than-adequate c¢larity and
readability.

1 point if it is of poor clarity and readability.
0 points if it is of unacceptable clarity and readability.

The study as a whole is replicable. Give:

5 points if the entire study can be completely replicated.

4 points if the entire study can be replicated except for
unimportant details.
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3 points if the major themes can be replicated byy the
minor themes cannot.

2 points if most of the major themes can be replytyted
but some cannot,

1 point if at least one major theme is replicably but
none of the above statements is appiicable.

0 points if no major theme of the study is replivible.
C. Supplementary Materials '

Bibliography. Rate the adequacy of the bib1§ography Jttarding
to the following key: .

5 Superijor

3 Adequate

1 Inferior

0 No bibliography
Rate the additional explanatory powers of the appended Aata
according to the following key:

10 Compensates for most weaknesses in the text.

8 Compensates for one major weakness or a majonity of
weaknesses in the text.

6 Compensates for a number of important weaknesses in
‘the text.

4 Compensates for one important weakness in the hext.
2 Minimal explanatory power added.
0 No explanatory power added.
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APPENDIX 4C

Name

Self Assessment of Research and Evaluation Skills

QUESTIONHAIRE

THE FOLLOWING ITEMS SAMPLE A WIDE RANGE OF KNOWLEDGE AND SKILLS IN
ORDER TO ASSESS THE DIFFERENCES BETWEEN THE TWO DIFFERENT LAB TECH-
NIQUES WE HAVE USED THIS TERM. THE ANSWERS WILL IN NO WAY AFFECT
YOUR COURSE GRADE -- NOBODY IS EXPECTED TO BE COMPETENT IN ALL THE
SKILLS TESTED. NEVERTHELESS, WE ASK THAT YOU DO YOUR BEST TO REP-
RESENT YOUR COMPETENCE, INTEREST, AND IMPORTANCE RATINGS ACCURATELY.
THEY WILL BE OF GREAT HELP IN EVALUATING THE LABORATORY TECHNIQUES.
ALL RESULTS WILL BE AVAILABLE TO INTERESTED STUDENTS EARLY IN JANUARY .

INSTRUCTIONS.

On page 2 are a list of tasks, with three blanks appearing before
each listed task. Please indicate your competence, interest, and
importance rating for each task by entering a number from 1 to 5 in
each blank according to the following key:

Under COMP (blank 1) Indicate your competence to do the task listed by
entering:

1 -if you have no competence, are completely unable to do the task.

2 -if you have minimum competence, can do the task with great
study or by hiring a consultant. : :

3 -if you have moderate competence, can do the task acceptably with
a minimum amount of study, can do it well with considerable
study and Tittle outside help. _

4 -if you have high competence, can do the task well with minimal
study, can do exceptionally well with extensive study and no
outside help.

5 -if you have superior competence, can do an exceptionally fine
job with only minimum (or no) study.

Under INT (blank 2) Indicate your interest in doing this sort of task
by entering:

1 -if you have negative interest, find the task repugnant, wish
to avoid it. :
2 -if you have no interest in the area, but do not actively avoid
ito ’ H »
3 -if you find the area somewhat interesting, or desire to do it
to reach some desirable end -- even though the task per se is
not appealing to you. B
4 -if you find the area moderately interesting per se, or highly
desirable as a means to an end. ' R
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5 -if you are highly interested in the task in and of itself.

Under IMP (blank 3) Indicate the importance of this task in your
career, as presently planned, by entering:

1 -if you believe the task is of no importance in your planned
career, (or if you consider it irrelevant to your professional
performance.

2 -if the task is of minimal importance, needs performed only
occasionally, and/or the task is an unimportant aspect of your
professional performance.

3 -if the task is moderately important, is relevant but not crucial
to your professional performance.

4 -if the task is highly important either because it must be done
frequently or because it is of necessary to adequate professional
performance. _

5 -if the task is crucial to adequate professional performance,
regardless of frequency.

COMP INT IMP LIST OF TASKS:

() . Choose between the independent and matched pair t
test, and perform all computations.
. Compute and interpret a one-way analysis of variance.

—

)
) Compute and interpret a two-way analysis of variance.
. Compute and interpret a correlation coefficient.

Use a "canned" computer program to do simple analyses

such as 1-4, above.

Select a sample randomly, and/or use stratified

random sampling.

Discuss the concept of regression towards the mean

and it affects a given experiment of your own design.

Describe the central limit theorem and suggest its

implications for an experiment of your own design.

. Contrast statistical significance with substantive
(educational) significance, and give an example of
each, - '

) 10. Compare and contrast type 1 and type 2 error.

(

() 11. Select samples and analytic procedures to optimize
the probabilities of type 1 and type 2 errors for a
particular problem of interest.

(1) (1) () 12. Compare and contrast four levels of measurement, and. "

. classify any given example according to its level of

. measurement.

() () () 13. Compare and contrast null hypothesis, one-tailed

hypothesis, and two-~tailed hypothesis.

(_
(_
(1)
(L)
(0
(L)

'~
0w 0 N O O e W N
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COMP INT IMP LIST OF TASKS:

(1) O (L) 14. Select cut-off points on a continuous selection
variable (such as IQ) so as to have a .05 proba-
bility of excluding a student whose true score was
equal to or less than a given score (e.g. 85 IQ).

(0 () () 15. Conduct an N-way analysis using a canned computer
program. .

(0 (U () 16. Conduct a one-way analysis of covariance using a
canned computer program.

(0 O (_) 17. Prepare data for analysis by computer by recording
it in a usable format on computer punch cards, or
by recording it on a tape or disk fiie.

(0 () () 18. -Describe the meaning cf statistical power, and

: recommend 2 ways to increase power.

(1) (1 (0 19. Compare and interrelate confidence intervals,
critical region, region of rejection and level of
significance.

(1) (1) () 20. Describe the effect of truncation on & correlation
coefficient and find some articles or reported -
research in which truncation (e.g., a ceiling effect
or floor effect) have caused errors of interpreta-
tion.

() (O (0 21. compare and contrast standard error of measurement,
standard error of the mean, and standard error of
the difference (in means).

(1) Q) (L) 22. Describe the relationship between reliability and
validity.

(1) () () 23. Describe the concept of degrees of freedom, and

- give a rule for finding the df in a given case.

) ) (L) 24. Distinguish among dependent variables, independent

- variables, predictors, and criteria.

) Q) (L) 25. Distinguish among main effects, interactions, simple
main effects, and confounded effects. _

() () () 26. Write a researchable hypothesis in operational terms.

——f — —

(1) . (O () 27. Decide from the nature of the question what the
design should be -- even though you may not be com-
petent to analyze it. _

(1) (O () 28. Distinguish between internal and external validity

for an experiment, and give several sources (threats)

of each type of validity. .

(1) () () 29. pistinguish between ex-post-facto post hoc experi-

-ments and a-priori experiments, giving the advan-

: tages and disadvantages of each.

(0 (O () 30. Contrast a linear and curvilinear relationship

- - ‘between variables, and give an example of each.

(1) () () 31. Compare and contrast norm-referenced and criterion-

- - referenced tests and give examples of legitimate
uses of each type of measure,. .

o
e
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COMP INT IMP LIST OF TASKS:

(1) () () 32. pistinguish between obtrusive and .unobtrusive mea-
sures, give an example of each, and name the advan-
tages of each for experimental purposes.

(1) () () 33. Obtain the necessary information to judge the worth

and utility of a given test, as compared with the

highest measurement standards.

(1) () () 34. Design and conduct a study to establish the construct
validity of a new test, i.e., to test the extent to
which the pattern of results agree with the theory
upon which the test is built.

( (1) () 35. Critically review an experiment in accord with the
highest standards of scholarship.

(1) () () 36. Construct a questionnaire ree of major sources of
error,

( (L) () 37. Organize and report a formal review of the literature

in a field of interest to you. T

(1) (O () 38. Prepare and submit a formal proposal for funded re-
search to a government agency or educational foun-
dation.

() () (D) 39. Plan and execute an experiment to determine the
extent to which a given educational program is
meeting its goals.

(1) (O (D) 40. Complete a dissertation in my area of interest,
according to the standards estatlished by your
program. )
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APPENDIX 4D

Education C655: LABORATORY EXERCISE #1

L. S. Collet

PART I: Data The ten students in }Miss Smith's class were each given standard-
ized texts of arithmetic (X) and geography (Y) with the results
tabled below. Fill in the blanks below using the most efficient
formulas and procedures for the data given.

X _Dev. X (Dev. XLE, (Dev. X)(Dev. Y) (Dev. le_ Dev. Y Y

Albert 48 | : €9
Bernice 60 . 81
Cameron 66 . » 81
Denise 60 93

Ellen 84 99 .
Fredarick 66 : 93
Geneva 42 7' 87
fﬂarry 30 » . 63
Ingrid - 42 : 69
Janet. 42 , | - | 75
Sunms
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Part 11: 'ord Translation.

Statistic

Mean of X

Mean of Y

Covariance X, Y

Variance of X

Variance of Y

Standard Deviation X

Standard Deviation Y

Correlation X, Y

Variance of (X-Y)

Variance of 4Y

Variance of (X-2)

Mean of (X/3)

Mean of (Y+7)

Harry's Z score on Y

Ellen's Z score on X

Formula

Numbers

Ansvers

40.2
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Part III: Formula Translations.

Using the data from I, above, fill in the blanks with the number
asscciated with each of the following identities.

%’i - LY = NX =
NY = Efél x (N—I)S)z( a
IXY - %2'- = IXY - NXY = Exy |
WDsS, ~ ——
w? . 02 gl y |
N —— N-1~ Nel ° c——— N-1
COsz'
zzxzy = ‘ (N-1) COVxy * — Ixy
¥Z.2 2 2
x 2 .22 NIY? (oY
T " — o - N . NN-1) ~ —————
IXY - IXIY
-~
t ]
/tzxf- 04 (=7 - @2
N N
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Part IV: Practical Application.

Suppose that the published norms for the two tests given in I above were:

Arithmetic: ilean = 50 S.D. =6 N = 1000

Correlation . 75
Geography: Mean = 60 S.D. =5 N = 2000

Answer the following questions:

(a) Uhat was the variance of Arithmetic scores for the normative group?

(b) What was the sum of squared deviations of the mathematics scores for the.
normative group?

(¢) What was the covariance of the arithmetic and georgraphy scores in the
normative group?

{d) How many students in the normative group for arithmetic achieved scores
equal to or less than the mean for Miss Smith's class?

(e) How many students in Miss Smith's class achieved scores exceeding a stand-
ard score of +1.0 in georgraphy for the normative group?

(f) Suppose that a frequency distribution had been prepared for the georgraphy
scores of the normacive group. Ihat would be the sum of the frequency column?
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NAME :

C655 ‘ L. S. Collet
" LABORATORY EXERCISE #2

Mr. Jones has developed a set of computer-assisted drill and practice
lessons in arithmetic reasoning. In order to test the hypothesis that .
students can learn arithmetic reasoning from his lessons, he performs the
following experiment with his math class. First, he constructed two 100
item tests of arithmetic reasoning by writing 100 pairs of equivalent items
then randomly assigning one member of each pair to each test. At the
beginning of the experimental period test 1 was administered (pre-test)
and the scores recorded. During the next three weeks each student used
three of his five math classes each week for computerized drill and
practice lessons. The remaining math periods were spent on the regular
prqgram! At the end of the three weeks experimental period test 2 (post-
test) was administered. The difference between post- and pre-test |
scores was considered to be the learning in arithmetic reasoning due to
the drill. Answer each of the following questions:

(a) Calculate the mean, unbiased variance and standard deviation,
and the standard error of the mean for pre, post, and gain
scores. .

(b) calculate the Pearson product moment correlation .of pre and
post scores and the standard error of the difference in pre
and post means.

(c) Compute the .95 confidence intervals for the means of pre post,
and gains scores.

(d) Test the significance of the difference in pre and post scores.
State the null hypothesis, show the test, and state the
statistical conclusions.

*(e) Write an educational conclusion.

Note. Show all steps. Engineers pad is preferred.

~ *Not a recorded item for this test. For pract1ce purposes on]y
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LABORATORY EXERCISE #3

0655 | NAME:

Title: An Empirical Compariscw of Twe “lethods of Teaching The Descriptive
Characteristics of - Disorders.

Problem: Does a lecture u 4a  ...s produce more learning thar ‘acture

without visual a.c.

Procedure: The content to be taught was the descriptive characteristics of
major mental disorders. First, a 30 minute silent film was prepared
which visually illustrated the more obvious characteristics ( panic,
catatonia, and so.on) of each of the disorders. Next, a lecture
was prepared which served as a background commentary to the movie,

- but which in itself was completely meaningful without the movie.

The investigator was teaching two introductory classes in
educational psychology. Since the classes were of comparable
ability, he decided to use the regular lesson time to run his
experiment. By flipping a coin he determined that the first class
would get the movie and the second would not. On the Monday morning
he read his lecture to class 1 with the movie running. Then he
administered a 100 item multiple :hoice test which required subjects
to pick out the symptoms of a given mental disorder. On Tuesday
he read the same Tecture to class 2 without the movie running and
again administered the test. To obtain your data, jssue the
following commands to the computer: -

$RUN KO4A:SIMEX  4=KO4A:FREQ =~ 5=KO04A:TEST1
000010{your soc. sec. #)00001
Your data will be_printed out.

\

Bo an appropriate statistical analysis and state your educational
conclusions.

The data appears on the attached computer printout.

NOTE: This is due next week. Be sure to state your conclusions in good
. experimental form. :
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LABORATORY EXERCISE #4

THIS 1S EXPERIMENT 1
TLLUSTRATIVE EXPERIMENT 1 , €655 TRRM 1,1972. L.S. COLLET, INSTRUCTOR,
: JOHN AND MARY ARE PH.D, STUDRENTS MAJORING IN REMEDIAL REANING,
EACH HAS WRITTEN A PROGRAMMED TEXT DESIGNED AS A SELF-STUNY PROGRAM
IN REMEDIAL READING AT THE JUNIOR HIGH LEVEL. THEY DECIDE TO PERFORM
AN EXPERIMENT TO SEE WHICH WAS THE BETTER TEXT. THE SCHOOL ADMINIS
TRATION FURNISHED THEM WITM THE NAMES OF THE 160 STUNENTS IN THE
CITY JUNIOR HIGHS WHOSE GRADE SCORE ON THE ROUTINELY ADMINISTERED
GATES READING TEST WAS 5.0 OR LFSS. THE 160 NAMES WERFE PLACED IN A
HAT, THEN MARY DREW 80--LEAVING 80 FOR JOHN, e
JOHN DIVIDED HIS NAMES INTO TWO GROUPS BY CALLING THE FIRST
L0 GROUP | AND THE SECOND 40 GROUP 1. MARY DIVIDED HERS IN THE
'SAME _WAY TO OBTAIN GROUPS 11} ANp |1V :
FOR THE NE¥T MONTH, GROUPS 1 AND 1t{ STUDIED MARY'S TEXT AND
GROUPS 11 AND IV JOHN'S TEXT, WITH Ji"IN SUPERVISING | AND i,
AND MARY SUPERVISING 11§ AND 1V, ASSUME THAT ALL SUBJECTS ATTENDED -
'EACH SESSION. AT THE END OF THE EXPERIMENTAL PERIOD, A PARALLEL
FORM OF THE GATES READING TEST WAS ADMINISTERED. THE RESULTING
‘SCORES ARE TABULATED BELOW. COMPUTE THE APPROPRIATE T TESTS TO
ANSWER THE FOLLOWING QUESTIONS, IN EACH CASE TEST A DIFFERENCE BETWEEN
A PAIR OF GROUP MEANS. ALL SCORES BELOW ARE TARULATED AS WHOLE o
MONTHS (TEN MONTHS = 1 GRADE)~- MOVE THE DEGIMAL ONE PLACE LEFT
TO OBTAIN THE GRADE-SCORE. E.G., 55 EQUALS A GRADE SCORE OF 5.5 o
1.WHICH TEXT WAS BETTER: (A) UNDER JOHN'S SUPERVISINN? (T TEST #1)
(B) UNDER MARY'S SUPERVISION? (T TEST #2)
(C) COMBINED OVER JOHN AND MARY?(T TEST #3)
2. WHICH SUPERVISOR WAS MORE FACILITORY TO LEARNING? (T TEST )
3. TEST THE INTERACTION, 1.E,, THE DIFFFRENCE BETWEEN THE DIFFFRENCES
OBTAINED IN ITEM 1 PART A AND ITFM 1 PART R, (T TEST #5)
etwes THE COLUMNS IDENTIFY GROUPS: GlsGRP 1,C2=GRP 2 ETC.

OBSERVED SCORES: OUTPUT BY GROUPS
GROUP 1, ABC(111) ' : ,
56, 56, 58, 31. 25, 63. 49, 80, 66, 95,
57, 39. 37, 60, 79, 34, 62. 52, 45, 57.
769 510 520 5“. 530 ’760 520 hso ‘l5o hSO :
73. 62. 75, 51, 61, 79, ° 85, 75. 25, 50.
SUM= - 2285.; SUM ¥.2= 1L0943,.; N= 40
GROUP 2, ABG(121) o _
3104 ‘760 810 78'0 950 330 559 . 7"‘. 8"'0 6504
85, 98 .. 69. 78, 71, 8k, . 82, 93. 80, 79.
36, 7hk. 73, 82, . 81, 97, 64, .55, 54, 43,
' 59, 85, 61, 87, 89. u8. 68. ~ 94, 110, 83,
SUM= 26944, SUM X2= 229154, N=a 4o ‘ :
GROUP 3, ABC(211) , :
54, 55, 110, 54, 70, 79, 60, 73. k7. 52,
61, 70, 58. 87, 60, T7. 67, 110, 84, 106,
68. 105, 66, 33, 77, 56, 4, 81. 88, 45,
67, 33. 61, 49, 91, 86, 107, 98. 100, 27, .
SUM= - 2866.; SUM X2=  224388.; N= 40 ‘
. GROUP 4, ABC(221) ,
79, 91,  58. 71, 69, 87. 60, 109, 67, 438,
61, 81, by, 54, 54, 57. 76, 103, 95, 4,
36. 63, 41, 58, 67. b3, 92. 28, 52, 59,
.92, 52, = 69, 5;0 0. 85, 76, 66, 82, L8,
SUM= 2613,; SUM X2= 18'3h7°; N= 40 -
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