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In 1968, AERA began its Monograph Series on Curriculum Evalua-
tion. The monographs provided a necessary service to the educational
community by presenting a series of articles which contributed signifi-
cantly to the field of curriculum evaluation. It was a service from which
all of us could profit, whether we were concerned with theory, practice,
or research and develepment activities. Now the AERA series, appar-
ently, has been concluded, and those of us who relied upen the mono-
graphs for a continuing information service in evaluation recognize the
loss: the kinds of goals realized by the AERA series and the service and
information it provided should continue to be met. Since we at the
Center for the Study of Evaluation are concerned exclusively with
research and development in evaluation, we have assumed the respon-
sibility of meeting the need arising from the termination of the AERA
series, and have begun to publish the CSE Monograph Series in Evalua-
tion. We will continue the spirit and intent of the AERA series by ex-
posing the educational community to many diverse facets of evaluation.

Each monograph will consist of one or more articles treating a current
and relevant issue in educational evaluation. The series will cover the
broad spectrum of evaluation activities and issues—theoretical and
practical—comprising evaluation, by presenting the work of experts in
the field who represent a wide range of educational philosophies and
who subscribe to a variety of evaluation frameworks and models. The
CSE series will therefore constitute a forum for evaluation and evalu-
ators, provide an opportunity to present important contributions to the
field, and continue to meet the high standards and purposes that were
accomplished by the AERA series.

This volume is the first in the CSE Monograph Series in Evaluation.
We take great pleasure in introducing the series with the work of Wells
Hively and his associates on the topic of domain-referenced curriculum
evaluation. Although much has been said and heard about the subject,
the history of its inception and development and its relevance for evalua-
tion are here presented for the first time. We believe that the potential
of domain-referenced testing for educational evaluation is high; we look
forward to producing an evaluation monograph series that will realize
an equally high potential.

Marvin C. Alkin
Director, CSE
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FOREWORD

For almost five years now a number of individuals working in
measurement, development, and evaluation have been referring to the
pioneering measurement activities of Wells Hively and his associates
because of the seminal nature of that work. Faced with a host of com-
plex problems stemming from our attempts to improve the quality of
educational measurement approaches, the efforts of Hively and his
associates to pin down a critical dimension of test item construction
gave many of us reason to hope. Yet, until recently it was little more
than a hope. For although we could refer people to the work being
carried on at the University of Minnesota, there was little published
material which offered the kinds of research descriptions or procedural
guidelines we all needed. T was elated, therefore, to learn during the
summer of 1971 that Messrs. Hively, Maxwell, Rabehl, Sension, and
Lundin had finally put together a definitive statement regarding their
work. Professor Hively spent that summer in Los Angeles and we
shared many conversations regarding domain-referenced testing as he
concluded his editing of the manuscript.

I learned much during that summer. For example, although I had
viewed the development of domain-referenced achievement testing as
a vehicle for improving the congruence between measurement items
and the objectives they were designed to assess, I found that the
architects of that system more frequently used the approach as a heu-
ristic technique to explore the relationships among behaviors within
a given domain. In either event, the approach has much to commend
it and this CSE Monograph, the first in a new monograph series on
the topic of evaluation, has finally put together in Chapter 2 the details
of constructing domain-referenced tests. The mere fact of its availability
should stimulate considerable attention to the topic among a variety
of educational specialists, and should further the analysis of the efficacy
of this type of approach to test construction.

Chapter 1 of the monograph details the MINNEMAST curriculum
project itself and provides a useful historical perspective for the domain-
referenced measurement system outlined in Chapter 2 and the subse-
quent analysis of curriculum development presented in Chapter 3. For
me, the Chapter 3 analysis was a surprising dividend of this mono-
graph and a bit of frosting on a cake whose quality was already more
than acceptable. For those involved in instructional development and
formative evaluation, Chapter 3 offers an insightful analysis of the
practical problems encountered by those who would engage in large

xi



scale curriculum development. A number of thought-provoking recom-
mendations for future strategies are presented.

It is hard to tell whether this initial CSE Monograph by Hively and
his colleagues will be best remembered for the description and analysis
of the cwrriculum development project presented in Chapters 1 and 3
or for the effort to describe the item form approach as presented in
Chapter 2. Whether we follow their suggestions that item forms be
used as a technique for “teasing out and discovering implicit goals”
or whether we view it as a powerful way of operationally defining pre-
specified goals is not clear. Researchers, developers, and evaluators
should profit from either.

Professor Hively and his colleagues have assembled a rich document
for us to consider. The Center for the Study of Evaluation should be
commended for making this fine piece of work available.

W. James Popham
Los Angeles, California

Xii



PREFACE

This monograph represents five years of cooperative work in which
credit for specific ideas has been more-or-less completely obscured.
The entire staff of the MINNEMAST Project contributed in ways im-
possible to enumerate. Members of the Research and Evaluation Group
whose efforts directly contributed to the technology of domain-refer-
enced curriculum evaluation included Paul Johnson and Frank Murray
(staff members in the Department of Educational Psychology, Univer-
sity of Minnesota); Eugene Lenarz, Stephen Lundin, Graham Maxwell,
Bruce Mussell, George Rabehl, and Donald Sension (research fellows);
Luci Johnson, Anne O'Rourke, Ronald Priebe, Ray Sanborgh, Robert
Thorndike, Ronald Thurner, David Warren, and Marilyn Walstrom
(research assistants); and Timothy Beach (computer programmer).

The five people listed as authors participated most heavily in the
discussions which led to preliminary drafting of the manuscript in the
summer of 1970. Graham Maxwell produced the all-important first draft.
I brought the manuscript to completion with the editorial assistance of
Graham Maxwell, George Rabehl, and Donald Sension. Final editing
by Ann Dell Duncan and James Burry was enormously helpful.

An opportunity to discuss the work with members of the staff of the
Instructional Objectives Exchange and the UCLA Center for the Study
of Evaluation provided invaluable editorial help. The assistance of W.
James Popham and Marvin Alkin in making that possible is gratefully
acknowledged.

The work has been supported by grants to the University of Minne-
sota School Mathematics and Science Teaching Project and to the Uni-
versity of Minnesota Center for Research in Human Learning from the
National Science Foundation, the National Institute of Child Health
and Human Development, and the Graduate School of the University
of Minnesota.

Wells Hively
Los Angeles, California
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INTRODUCTION 1

This monograph has three interwoven themes. It contains: (1} a tech-
nical handbook for the application of domain-referenced test theory
to educational evaluation: (2} a case history of the curriculum project
in which the technology was developed; and (3) an essay on strategies
of educational development and evaluation. By interweaving the three
themes, we hope to illuminate some of the technical and strategic prob-
lems of educational development from angles that are hard to represent
in shorter theoretical articles or technical reports.

The exposition is as follows: Chapter 1 gives a brief summary of the
history and mode of operation of the Minnesota Mathematics and Sci-
ence Teaching Project (MINNEMAST). Chapter II treats the rationale
that underlies domain-referenced achievement testing and the tech-
nology through which it was applied to evaluation of the MINNEMAST
Curriculum. Chapter III examines organizational factors that have in
the past limited the effectiveness of empirical, formative evaluation in
many large-scale curriculum projects and suggests an alternative
strategy for the future.

Readers mainly interested in evaluation technology should concen-
trate on Chapter II. Those whose main interest is in strategies of edu-
cational development and evaluation should concentrate on Chapter
111, skimming Chapters 1 and Il to put meat on the skeleton of gen-
eralities encountered there. Those whose main interest is in the history
of the evaluative effort in the MINNEMAST Project should read Chap-
ters I and III, skimming Chapter II.

To escape from superficiality, an adequate exposition of domain-
referenced curriculum evaluation required a large fund of examples.
These have been collected into several appendices. Our story is told
in the text, but the case is “made” by the appendices,

Two particularly important cases can only be made by examining the
appendices and are worth emphasizing here. First, that the “item form”
approach is not simply a way to operationally define pre-specified
goals but is much more fundamentally a way of teasing out and dis-
covering implicit goals. Second, that the power of the “item form” ap-
proach lies in the discovery of patterns of student performance that
pinpoint the dimensions along which success {or failure) generalizes.






Chapter I
THE MINNEMAST CURRICULUM PROJECT 3

GENERAL FEATURES

The MINNEMAST Project was a unique and imaginative effort to
pioneer the development of a coordinated modern mathematics and
science curriculum for the elementary schocl. It came into existence
in August, 1962 under a grant from the Course Content Improvement
Section of the National Science Foundation. Founder and first director
of the project was Paul C. Rosenbloom, professor of mathematics and
director of the Minnesota School Mathematics (MINNEMATH) Center
(a center established by Rosenbloom in 1958 for the study of mathe-
matics teaching and administered through the Institute of Technology
of the University of Minnesota).

From the beginning, under Rosenbloom’s leadership the experimental
nature of the curriculum and, therefore, the necessity of establishing its
viability through a program of research and evaluation was recognized.
A network of trial centers was established across the country to conduct
experimental classes and to provide coordinated inservice training for
teachers.

When Rosenbloom left Minnesota and joined the staft of Columbia
University Teachers College in September 1965, James Werntz, pro-
fessor of physics, assumed leadership of both the MINNEMAST Project
and the MINNEMATH Center. The project continued its work until
October 1970.

The project’s final major product was a coordinated mathematics and
science curriculum for the kindergarten and grades 1, 2, and 3. A listing
of the final units for each grade level is given in Appendix 1.

Work on the MINNEMAST Project also resulted in numerous books,
articles, and reports by staff members. A list of those produced with the
help of MINNEMAST funding is given in Appendix 2. Included are
books and articles that provide the teacher with background material
and suggestions for the teaching of elementary school mathematics and
science, as well as research reports that deal with various aspects of
children’s learning of mathematics and science.

AIMS OF THE PROJECT

The MINNEMAST Project was devoted to the preparation of a co-
ordinated and sequential mathematics and science curriculum for grades
K-86.

Coordination implied concentrating on the interrelations of the two
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subjects to facilitate transfer of knowledge and skills from one subject
to the other and to exploit the possibilities of mutual support for each
subject in the teaching strategies.

In our own Minnesota Mathematics and Science Teaching Project
we are aiming to produce a coordinated science and mathematics
curriculum for grades K-6.

We have some materials on light for grade 2 which dovetail very
nicely with our mathematics program. We have experiments to show
that light travels in straight lines in air. On this basis, the children
can investigate sticks and their shadows. When they wish to calculate
the height of a tree from the length of its shadow, they use similar
triangles and have something important to do with multiplication.

Our unit on density, now written for fourth grade, fits in perfectly
with our mathematics unit on volume for second grade and our work
on coordinates for third grade. If the science group can adapt the
measurement of weight to be used in the second grade, then the chil-
dren could measure weights and volumes of several pieces of iron, and
plot weight versus volume on graph paper, They will find that a
straight line fits the experimental points very well. {Rosenbloom, no
date (a), p. 3.}

The term sequential suggested establishment of a hierarchy in which
learning at one level was dependent on learning at previous levels. For
example, one of the original guiding principals was that the child learn
the operations and relations for each subset of the real number system
in such a way that they would work consistently for the whole real
number system and could be applied to each succeeding subset of real
numbers that the child discovered.

We want to teach addition in such a way that it will work with all
the numbers a child will ever need in school. We want to teach
multiplication in such a way that it will work for all the numbers a
child will need in school. In our program what happens is that the
child learns interpretations of the operations and relations that will
work all the way through school, but he learns names for more and
more numbers. First he knows only names for the non-negative
integers, the counting numbers; later on he will learn names for the
rational numbers, the fractions; still later on he will learn names for
other numbers in the entire system. As he goes through school, he
learns names for more points on a line, but he can apply the ideas that
he has at the start to all the new numbers as he goes through school.

What does this imply in our teaching strategy and our curriculum-
building strategy? It means that from the start in our program, there
is an emphasis on continuous quantity as well as discrete quantity.
We emphasize measuring, as well as counting, from the very begin-
ning and we try to teach the children the ideas of the operations—
addition, subtraction, multiplieation, division—in such a way that
they will work for continuous quantity as well as for discrete quantity.
We do not neglect the other interpretations. In other words, it’s im-
portant for the child to know that you can interpret 3+ 4 in terms
of counting as one application of the operation of addition.

But we want the basic idea of addition to be: Lay off a distance a,
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then lay off a distance b, starting from 0, and reading off here what
(a+b) is. This will work for the entire system, Of course, as the
children learned names of points on this side of the line they will
find they will sometimes have to lay off the distances to the right, and
sometimes the distances to the left; but if they have this idea of addi-
tion then they can add 3% and 434 and -2, and so on, just as easily as
they can add 2 and 3 as soon as they learn the names for these
numbers, {Rosenbloom, no date (b), p- 5.}

Content of the curriculum emphasized two main mathematical struc-
tures—the real number system, and the geometry of space—and the
main investigative strategies of science—ohservation, measurement, ex-
perimentation, description, generalization, and deduction (Resenbloom,
1964).

INSTRUCTIONAL TECHNIQUES

For purposes of development and instruction, the MINNEMAST Cur-
riculum was divided into discrete units. Each unit dealt with a collec-
tion of related topics under a single title. It was intended that each
unit occupy about four weeks of instruction assuming that two class
periods would be devoted to it each day,

Each unit consisted essentially of a teacher handbook for a sequence
of lessons. The handbook contained general statements about goals,
explanatory background material on the subject matter, and lists of
materials needed for the lessons. Recommended teaching strategies
made use of class question-and-answer sessions, teacher demonstra-
tions, stories, group experimentation and observation, and individual
exercises. In 1965, Dr. Zoltan Dienes was a member of the project staff,
and many of the subsequent units reflected his philosophy regarding
the use of games in instructional activities.

There was considerable emphasis of discovery methods of learning,
although the characteristics of this teaching strategy were not formal-
ized. Subject-matter threads or topics were dealt with in the manner
of a spiral curriculum in which topics introduced at one level of the
curriculum were reviewed and expanded at later levels.

In the teaching strategies, rote memorization was de-emphasized. It
was hoped that learning of essential facts and techniques could occur
without rigorous drill if two conditions were satisfied by the curriculum.
First, children should be interested in and excited by the subject matter
so that they would want to go on learning more about it; and second,
repetition of factual knowledge of technical skill should be incor-
porated in intrinsically interesting games and experiments.

PRODUCTION

Development of the units was the responsibility of writing teams,
each under the supervision of a chairman. The writing teams consisted
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of subject-matter experts, teachers, psychologists, editors, artists, and
consultants.

Following the pattern adopted by such projects as the School Mathe-
matics Study Group (SMSG), a summer writing session was held each
year to outline the content of the units and consider possible teaching
strategies. Special consultants were brought in for these sessions, and
summer classes were held in nearby schools so that teachers could
informally try out some of the projected teaching strategies. Evaluation
of these strategies was done by the teachers themselves and emphasis
was placed on the viability of the techniques for class participation
rather than on their specific effects on student learning.

During the rest of the year, the writing teams continued the work
begun at the summer writing sessions, developing the units into com-
plete teacher handbooks and producing the final printed copy. This
was the stage during which editors checked and rewrote the text and
artists produced the worksheets, photographs, and drawings. When the
units were prepared to the satisfaction of the writers, editors, and
artists, they were made available to the cooperating schools for trial
implementation. The production schedule was arranged so that units
could be tried out in the schools according to the specified curriculum
sequence.

The strategy for coordinating mathematics and science was first to
develop each stream separately, and then to search for links between
them. Accordingly, during the first phase of the project (1963-1965),
work was directed toward preparing two separate curricula, mathe-
matics and science, supporting each other wherever overlapping con-
" cepts were found. By 1965, the development of the mathematics cur-
riculum had proceeded as far as the third grade, while the science cur-
riculum, started in 1964, had been developed for kindergarten and
second grade.

In 1965, work was begun on rewriting the separate mathematics
units and science into a single integrated curriculum, and by 1967, the
project had produced mathematics units as far as the fifth grade and
science units as far as the second grade, while integrated units had
been written for the kindergarten and first grade. After that, a new
plan for direct preparation of the integrated units was instituted. At
its termination in 1970, the project had prepared a single integrated
mathematics-science curriculum for kindergarten through third grade.

IMPLEMENTATION

At some twenty universities and colleges around the country, MINNE-
MATEH Trial Centers were established. Each trial center secured the
cooperation of a number of elementary schools. Each affiliated school
agreed to teach the curriculum as provided, to spend at least 200
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minutes per week in instruction, to allocate at least two hours per year
of each child’s time for testing purposes, and to participate in various
inservice training courses and summer workshops. The trial centers
provided inservice training for participating teachers, administrative
services to ensure efficient distribution of the instructional materials
to the affitiated schools, and consultative services. At the height of this
effort, some 20,000 children were being taught the curriculom in af-
filiated schools,

The purpose of the trial centers and affiliated schools was threefold:
(1) the colleges could provide the nucleus for preservice and inservice
training of teachers in the curriculum; (2) implementation on this scale
could solve some of the problems usually encountered in disseminating
new instructional techniques by building a basis of support for the
project around the nation; and (3) the availability of a large number
of schools where the curriculum was being taught could possibly en-
able a very comprehensive evaluation of the materials,

Funding restrictions imposed by the NSF forced a substantial re-
duction in the number of trial centers in 1965 and almost total elimina-
tion of trial centers by 1968. Thus, the trial centers (with the important
exception of the Twin Cities Center, which was organized beginning
about 1965) played almost no role in the project during the period
when its final product was developed and when most of the domain-
referenced testing work was done.

RESEARCH

From the beginning, psychologically-oriented research was considered
an important adjunct to the development of the curriculum. This em-
phasis made the MINNEMAST Project fairly unique among NSF-
sponsored curriculum-development projects of the time and was largely
the result of Rosenbloom’s convictions about the relationship of re-
search to development. In fact, various related research projects were
carried out in the MINNEMATH Center before the MINNEMAST
Project itself was funded. For example, between 1958 and 1962, grants
were made available to Ned Flanders and E. Paul Torrance, then of
the University of Minnesota, Department of Educational Psychology,
for studies of the relation between student learning and the character-
istics of teachers, and to Lydia Muller-Willis, then of the University of
Minnesota Institute of Child Development, for a study of the learning
of mathematics concepts by children.

_ Nathan Gottfried, MINNEMAST director of research and evaluation
from 1964 until 1966, undertook several research studies that had direct
relationships with MINNEMAST Curriculum, concerning aspects of
learning about length and number. Frank Murray carried on the tradi-
tion of research into Piagetian conservation, Paul Johnson investigated
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the psychology of subject matter, and Grace Dyrud examined various
aspects of the learning of science and mathematics. Although these
efforts were for the most part tangential to the concerns of the writers
of the curriculum, the development of the domain-referenced evalua-
tion model in MINNEMAST probably would not have taken place had
it not been for the atmosphere that encouraged fundamental research
and practical development.

EVALUATION

The evaluation activities of the MINNEMAST Project were not
formulated within the framework of a comprehensive, self-conscious
mode! for evaluation such as has been recently provided by Scriven
(1967), Stake (1967a), Alkin (1969) or Stuffiebeam, et al. (1971). Rather,
the development of these recent models largely paralleled the MINNE-
MAST work (see Stake, 1967b).

To sketch the history of the evaluation activities in the MINNE-
MAST Project, we may make use of a distinction drawn by Scriven
(1967, p. 53) between “intrinsic” evaluation, concerned with appraisal
of the curriculum itself, and “pay-off” evaluation, concerned with the
examination of its effects on the child. Another distinction, with which
the first may be crossed, can be made between “formal” evaluation,
in which objective criteria and systematic procedures are used, and
“informal” evaluation, in which they are not. This yields the matrix
shown in Figure 1.

“Intrinsic” “Pay-Oft”

*“informal”

“Farmal’” \

Figure 1: A Classification Scheme for Curricalum Evaluation

In the development of the MINNEMAST Curriculum, all four of the
cells of Figure 1 were active to some extent at various times during
the project. During the early years “informal intrinsic” evaluations pre-
dominated, and procedures were later developed to formalize aspects
of the “intrinsic” evaluations. Still later, emphasis shifted to “formal
pay-off” evaluations. The general direction of these changes in empha-
sis is shown by the arrow in Figure 1.

“Intrinsic” evaluation consists essentially of the opinions of specialists,
such as subject-matter experts, psychologists, administrators, curricu-
lum supervisors, and teachers. Subject-matter experts (in this case
mathematicians and scientists) can examine the ecurriculum for its
logical consistency, correctness, and completeness. Psychologists can
assess whether the sequencing is likely to be advantageous to learning,
whether the treatment is consistent and developmental, and whether
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the topics are introduced at satisfactory age levels. Administrators can
estimate the feasibility of the program for particular school settings,
and predict what modifications might prove necessary in school ad-
ministration and staffing to implement the program. Curriculum super-
visors can predict the difficulties teachers are likely to have with the
program and estimate the adequacy of teacher background material
and training. Teachers and classroom observers can describe successes
and failures encountered in carrying out the classroom activities and
make suggestions for improving the stories, pictures, games, vocabulary
and reading level, teacher background instructions, materials kits, and
teaching strategies. The opinions of all these various specialists were
gathered through informal contacts.

Two formal approaches were developed by Nathan Gottfried and
used to gather information from teachers during the period 1965 to
1968. One asked all the teachers in the affiliated schools around the
nation to fill out a general questionnaire after completing each lesson.
The other asked a sample of teachers to keep detailed notes on their
teaching of particular units.

Feedback from teachers and from classroom observers naturally in-
cluded informal pay-off as well as informal intrinsic evaluation. In-
formal pay-off evaluation typically took the form of anecdotes about
children who dramatically succeeded (or failed) in following the class-
room activities, and it was also conveyed in estimates of the classroom
workability of lessons. At the same time that the staff began to for-
malize the collection of comments and opinions concerning the curricu-
Ium, a first attempt was made to formally test what children were
learning. Preliminary drafts of tests were developed and tried out in
1965, but were superseded the following year by the domain-referenced
testing activity.

During 1966-67, while the first outlines of the domain-referenced
testing procedures were being drawn, an attempt was made to evaluate
the mathematics portion of the curriculum using commercially avail-
able standardized tests of achievement. Nathan Gottfried and James
Ryan (1968) compared the performance of matched samples from ex-
perimental and control classes of third- and fourth-grade children se-
lected from schools affiliated with the varions MINNEMATH Trial
Centers. The experimental group consisted of children who had re-
ceived only instruction in the MINNEMAST mathematics program
from kindergarten onwards. Children in the control group had been
exposed to various other curricula than the MINNEMAST mathe-
matics program but came from schools with socioeconomic and edu-
cational characteristics similar to the MINNEMAST schools. Match-
ing of individual children was done on the basis of sex and intelligence.

Two kinds of tests were used: (1) two conventional arithmetic achieve-
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ment tests (Stanford Achievement Test, Intermediate 1, Form W, Test 2,
Arithmetic Concepts; and Metropolitan Elementary Arithmetic Test,
Form B, Test 1, Arithmetic Computation); (2) a test judged by the
MINNEMAST staff te sample outcomes within the scope of both regu-
lar and innovative elementary school mathematics programs (School
Survey Tests, Third Grade, Educational Opportunities Survey, Part
VI). Each child chosen for the study received all three tests. Analysis
examined the differences in performance on the tests between experi-
mental and control groups, between sexes, and between children of
high and low ability. MINNEMAST pupils did significantly less well
on all three tests than did non-MINNEMAST pupils. Gottfried and
Ryan called for two kinds of studies in the future: (1) longitudinal
comparisons to permit analysis of changes in individual patterns of
mathematics acquisition and to examine whether children taught the
MINNEMAST Curriculum might, because of the emphasis on structure
and process, overtake or surpass the performance of children taught
other curricula by the time they reached high school; and (2) replica-
tion of their study for other groups at the same grade level to examine
the generalizability of their findings.

The next year, 1967-68, Donald Sension carried out a follow-up
study on fourth- and fifth-grade classes. A design and analysis similar
to Gottfried and Ryan’s was used. The main difference was that only
one of the MINNEMATH Trial Centers was used. Experimental and
control groups were the same as had been drawn from the center for
the previous study. Two types of tests were used: (1) three conventional
arithmetic achievement tests (Stanford Achievement Test, Intermediate
I, Form X, Test 2, Arithmetic Concepts; Stanford Achievement Test,
Intermediate I, Form X, Arithmetic Computation; and Stanford
Achievement Test, Intermediate II, Form X, Modern Mathematics):
and (2) a test compiled by rewriting selected items from the “Arithmetic
Concepts” and “Arithmetic Computation” tests in terms appropriate for
children being taught the MINNEMAST Curriculum. The results
largely replicated those obtained in the preceding year.

The discouraging outcomes of the standardized testing evoked a
great deal of controversy. Were the tests really appropriate? Were the
main goals of the curricalum adequately represented? Exactly where
were the main sources of trouble? The technology of domain-referenced
testing was developed in an attempt to untangle such problems.
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IN THE MINNEMAST PROJECT 11

GENERAL RATIONALE

Selecting I nstructional Qutcomes to Evaluate

The basic proposition underlying development of the domain-
referenced evaluation mode! for MINNEMAST was that the crucial
question to ask about any program of instruction is, “What effects does
it have on the learner?” Given the complexity of school instruction,
the amount of information that can be collected about its effects is
immense. Therefore, a selection of what effects to study is necessary,
since time and resources are always limited.

There are basically two ways to determine what effects to study. One
is to ask relevant decision makers what information they would like to
have. Another is to examine the expressed objectives for the curriculum.
In neither case, however, do the answers come easily. On the one hand,
it is possible for a decision maker to ask for information that is in-
appropriate or incomplete when the logic of his decision making is
analyzed. On the other hand, the curriculum writer may state objec-
tives that are too vague to translate into data-gathering procedures. It
is necessary, then, for the evaluator to be more than a writer-of-tests
and an analyzer-of-data, and to enter into dialogue with the decision
makers and the curriculum writers to discover and elucidate their inten-
tions. This is now a fairly frequent theme in the evaluation literature
(Scriven, 1967; Stake, 1967a; Alkin, 1969). But in 1966, particularly in
NSF projects it was not.”

The first step is to locate a sample of representative decision makers.
Following the logic of formative evaluation, the decision makers for the
MINNEMAST evaluation were taken to be the project staff—writers,
consultants, and administrators—whose decisions were directly reflected
in revisions of the curriculum goals, recommended teaching methods,
and the project organization, This seemed appropriate from the view-
point of the evaluation staff, which emphasized development of the
curriculum itself with little explicit attention to the larger social context
in which it was to operate. In retrospect, several other functional, but
not necessarily nominal, decision makers should have been systemati-
cally consulted from the beginning, e.g., more broadly-sampled repre-

*The intellectual atmosphere in which Domain-Referenced Test Theory evolved
was to a surprising extent a recapitulation of that surrounding Ralph Tyler’s pioneer-
ing work. Much of the rationale presented here {(and many of the issues discussed
in Chapter III) occupies the ground staked out by Tyler (1934) and Smith, Tyler,
et al., (1942). In more recent curriculum evaluation theory, the rationale presented
here parallels Scriven’s description of “mediated evaluation” (Scriven, 1967, p. 55 ff).
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sentatives of the mathematical and scientific communities, educational
policy makers, and representatives of funding agencies.”

The dialogue between the writing staff and the evaluation staff
generated a great deal of hard thinking about complex problems. One
of the main advantages of such a dialogue is that it forces the evalua-
tion staff to grapple with problems of measuring subtle and long-range
goals while at the same time it encourages the writing staff to take
advantage of opportunities to gather data on simple, immediate out-
comes,

In the MINNEMAST Project, the outcomes identified through this
dialogue tended to fall mainly under the headings of knowledge and
ability rather than attitude or interest. This was not because of Jack of
concern with attitudes and interests as outcomes of the curriculum,
but rather because measurement of attitudes and interests seemed to
require prior definition of related knowledge and abilities.

Attitudes and interests may be thought of as tendencies to engage in
behavior that reflects certain knowledge or ability in situations where
it is not explicitly required or powerfully evoked. For example, we say
a person knows how to read if he does it when we specifically order
him to or when he is left in a library with little else to do. We say he is
interested in reading if he does it frequently in situations where other
activities are conveniently available. Similarly, we say a person knows
how to examine an unfamiliar phenomenon in a systematic, scientific
way if he does it when we set one up in the laboratory and ask him to
do so. We say he has a scientific attitude if he frequently engages in
such behavior outside the laboratory, Although it is difficult to define
non-trivial domains for such behavior, in principle, measurement of
attitudes and interests can be carried out within the framework of the
general Domain-Referenced Testing model to be described below.

Assessing Knowledge and Ability

The traditional method of assessing knowledge and ability has been
through the use of standardized tests. It seems natural to use such tests
for curriculum evaluation. However, as many have recently noted (c.f.
Cronbach, 1963; Stake, 1967; Bormuth, 1970), they have serious dis-
advantages when applied to evaluation. For example, they are likely to
contain items that are unrelated to the content of the specific cur-
riculum being evaluated, and since they are designed to include only
those items that discriminate clearly among students, many interesting
and important items may be left out because, under “normal” condi-
tions, most children either get them all right or all wrong.

2 See Stake (1967a), Alkin (1969), Stake and Gooler (1971}, and Stuffiebeam, et al.,
(1971) for discussions of this problem. In Alkin’s terms, the MINNEMAST evalua-
tion activities were concentrated on program improvement to the exclusion of system
assessment, program planning, or program implementation.
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Standardized tests are constructed to measure hypothetical latent
variables such as mathematical ability. Summary scores obtained by
adding up the scores from all the items comprising the test are thought
of as representing positions along a scalable continuum, and people
are judged as possessing more or less of the latent variable according
to the magnitude of their summary scores. Comparisons among indi-
viduals or groups of individuals are then made by means of the scale.
However, from the viewpoint of the curriculum developer, the prob-
lem is that two students may know different parts of the subject matter
and yet obtain comparable summary scores on the test. From such
scores, it is hard for the curriculum developer to tell which parts of the
curriculum were effective and which were not.

Similar criticisms may be leveled at tests that evaluation teams con-
struct for themselves if they are built on the same latent-variable model.
Such tests may be useful for personnel decisions, but they are of little
use in answering specific questions about the detailed effects of par-
ticular instruction.’

Defining Curriculum Objectives Operationally

Consideration of these and related issues has led various people to
propose criterion-referenced testing (cf. Glaser, 1963, 1971; Popham &
Husek, 1969).* In criterion-referenced testing, the intention is to clearly
specify the behaviors which constitute the intended outcomes of in-
struction and to design testing procedures which determine which of
these a student has attained and which he has not. In general, though,
even within this framework, a gap has remained between so-called
behavioral objectives and tests that are constructed to measure those
objectives.

The most common approach has been to construct prototypical test
items that are “keyed” to more generally stated descriptions of the de-
sired behavior (c.f. Mager, 1962; Gagné, 1967; Bloom, 1969; Merwin &
Womer, 1969; Lindvall & Cox, 1970}. The problem with this approach
is that the test constructors cannot claim that the prototype test items
exhaustively define the desired behaviors-in an operational sense. Given
a particular behavioral objective, two independent test constructors

% Steps to the solution of this norm-referenced testing problem have been pre-
scriptively supplied in the form of what might be called “criterionreferenced
normed” tests. If published tests and subscales are assigned to meaningful curric-
ular categories on the basis of expert judgments, then adequate measurement in
part rests upon the proper selection among those tests that will measure the be-
haviors in question. This approach has been adopted and successfully utilized in
the CSE Elementary School Test Evaluations (Hoepfner, ¢t ol., 1970), the CSE-
ECRC Preschool/Kindergarten Test Evaluations (Hoepfner, et al., 1971), the CSE-
HLP Test Evaluations: Tests for Higher—()rder Cognitive, Affective, and Inter-
personal Skills (Hoepfner, et al., 1972).

“An excellent collection of articles on this topic, with references providing an
extensive review of the literature, may be found in Popham (1671a).
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often do not come up with the same prototype items. Similarly, given
data from the administration of a particular prototype item, inde-
pendent evaluators often argue about their generalizability to the over-
all behavioral objective.

A first step toward solving this problem was to try to specify all the
behaviors which comprise specific pieces of knowledge (Hively, Patter-
son, & Page, 1968; Osborn, 1968). If this could be done, then the prob-
lems of operational definition and of generalizability would seem to be
solved. The flavor of this approach as it developed within the MINNE-
MAST Project is best indicated by quoting from one of the early work-
ing papers of the evaluation staff:

An achievement test is often conceived to be a sample from the set
of all possible things that a student could do to demonstrate that he
had accpuired certain concepts, abilities, or skills. Such a conception
is not very useful, unless the domain from which a sample is drawn is
well defined. Some people maintain that it is impossible to exhaus-
tively define such a domain of ‘criterion behavior” for a nen-trivial
body of subject matter. Nevertheless, that is how we prepare to ap-
proach the direct evaluation of MINNEMAST materials, In its sim-
plest form, the argument for this approach runs as follows,

For the purposes of evaluation and revision we would like to know
the proportions of students, in a group exposed o a given unit of in-
struction, who have acquired various concepts and skills. To find this
out we may make up tasks which ‘represent’ these concepts and opera-
tions and ask samples of children to perform these tasks. We may
then use the proportions of students who correctly perform the tasks
ta infer the proportions of students, in the group as & whole, who have
learned the concepts and operations. Two kinds of inferences are in-
volved here: a statistical one, in which the proportion of students in
the sample who answer an item correctly is taken as an estimate of the
proportion of students in the entire MINNEMAST population who
could answer that item correctly; and an intuitive one, in which we
infer from a student’s correct response to a particular item that he
does in fact ‘have’ a certain concept and could therefore respond cor-
rectly to other similar items.

The latter, intuitive inference, is the most troublesome. Still, if we
just made up a list of tasks which seemed to incorporate the important
concepts and skill at which a unit is driving, we could probably learn
a great deal from the proportions of students who answered them cor-
rectly {and still more from an examination of the kinds of responses
that the students made). We could revise the units on the basis of
this information, and measure the effects of the revisions in terms of
the proportions of correct answers obtained from a new sample of
students who had been exposed to the revised materials.

A critic might object that in doing this we may merely be teaching
rote answers to specific items and not the general concepts or skills
behind them. The way to find out, of course, is to ask different ques-
tions involving the same concepts and skills. We now find ourselves
making lists and cross indexes of ‘equivalent’ items, A logical exten-
sion of this activity is to attempt to write the rules which generate
sets of equivalent items representing clusters of related concepts and



EVALUATION IN THE MINNEMAST PROJECT 15

skills. These are called item forms . . . Items are written as scripts
directing the actions of an examiner, with space provided in which to
record the responses of a student. Certain elements in the scripts
are variable ... ‘ltem forms  determine the domains of permissible
replacements for these variables. By sampling items from these do-
mains, one can estimate the proportion of students who ‘have’ the
system of concepts and skills represented by the item form as a whole,
as well as the proportions who respond correctly to various subcom-
ponents (Hively, 1966).

It required little practical experience in applying these procedures
to confirm the literal truth of the claims by such people as Loevinger
(1965) that it is not possible to exhaustively define “universes” of cri-
terion behavior. Even the simplest concept or skill has so many po-
tential “representative” behaviors that it is impossible to specify them
all. Arbitrary limits to the population must be imposed.

Domain-Referenced Achievement Testing

The model that was subsequently proposed recognized that the sets
of test items previously referred to as “universes of items” are merely
the “nuclei” of hypothetical repertoires of behavior. Such nuclei have
been given the more conservative name “domains.”

The following excerpt from a final MINNEMAST working paper
gives the flavor of the most recent model:

The basic notion underlving domain-referenced achievement test-
ing is that certain important classes of behavior in the repertoires of
experts (or amateurs) can be exhaustively defined in terms of struc-
tured sets or domains of test items, Testing systems may be referenced
to these domains in the sense that a testing system consists of rules for
sampling items from a domain and administering them to an indivi-
dual {or sample of individuals from a specified population) in order
to obtain estimates of the probability that the individual {or group of
individuals) could answer any given item from the domain at a speci-
fied moment in time.

Domains of test items are structured and built up through the
specification of stimulus and response properties which are thought
to be important in shaping the behavior of individuals who are in the
process of learning to be experts. These properties may be thought of
as stratifving large domains into smaller domains or subsets.

Precise definition of a domain and its subsets makes statistical esti-
mation possible. This provides the foundation for precise diagnosis of
the performance of individuals over the domain and its subsets. In
addition, clear specification of the properties used to structure the
domain makes possible inductive generalization bevond the domain
to situations which share those properties. That is, once we have
diagnosed a student with respect to a defined domain we may be able
to predict his behavior (in a non-statistical, inductive fashion) in nat-
ural situations which have some properties in common with the test
items within the domain. (Hively, 1970).
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The foregoing is a rough sketch of the basic notions underlying the
domain-referenced testing model. In the following pages, the model
will be elucidated in the context of its application in the MINNEMAST
Project. In this discussion, emphasis will fall on technical and prac-
tical problems, and theoretical issues will be dealt with tangentially. A
much more theoretical treatment of the domain-referenced testing
model may be found in a thesis by George Rabehl] (1971).

DEVELOPING TEST-ITEM DOMAINS
Choice of Curriculum Segments to Analyze

For the MINNEMAST Curriculum, the most logical and convenient
segment for analysis was the “unit” since this was treated by the
project as an administrative and theoretical building block. Each unit
was developed as a distinct set of materials, instructions, and work-
sheets dealing with a connected set of concepts and skills. A committee
of writers and consultants worked together on each unit under the di-
rection of a chairman who assamed major responsibility for the unit
and guided it through all the stages of development, production, imple-
mentation, and revision. Instruction in each unit was intended to take
the teacher about one month. These characteristics made the unit a
natura! segment for evaluation.

Other segments might have been chosen. Daily lessons might have
formed the basis for a more detailed assessment of learning outcomes.
However, within the overall framework of the project as it was then
conceived, continuous integration of testing into the classroom ac-
tivities would have been difficult and unpopular.

At the other extreme, the segment chosen for evaluation might have
been an entire year of instruction encompassing several units. The
advantage of this would have been that the cumulative effects of several
units could have been more adequately studied. The drawbacks would
have been the difficulty of isolating effects of particular sections of the
curriculum and (if one thinks of formative evaluation as a cybernetic
process} the enormous feedback delays inherent in annual testing.

The effects of each unit were assessed as soon as instruction in the
unit was complete. Long-range or spiraling effects might also have
been assessed after instruction in specified units, at the end of each
year, at the end of elementary schooling, or even later. However,
under the pressure of MINNEMAST production, stress was not laid on
such cumulative assessment and the evaluation focused primarily on
the immediate effects of instruction in each unit of the curriculum. In
future evolution of domain-referenced systems of evaluation, more
stress ought to be put on cumulative assessment to pick up such things
as interactions of cutcomes across units.
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The Analytical Dialogue

For the purpose of guiding a domain-referenced curriculum evalua-
ation, educational objectives as they are usually expressed by writers
and teachers suffer from four deficiencies: (1) they often do not specify
the actual behaviors that the student should exhibit but refer instead
to understandings or appreciations of subject-matter content (e.g., “The
objective is to have the children learn that sums of counting numbers
can be interpreted as the numbers of elements obtained by combining
disjoint sets.”); (2} they often specify what the teacher will do rather
than what the student will learn (e.g., “The objectives of this unit are
to explain the structure of the decimal place-value notation and to pro-
vide experience in calculating with denominate quantities.”); (3) they
are often ambiguous (e.g., “The objective of this unit is to have the
children discover and describe the parts a living goldfish uses to move
itself from one place to another.”); and (4) they are often incomplete
(e.g., “The objective of this unit is to develop proper counting pro-
cedures.”).

These deficiencies arise in part because curriculum writers often do
not know in detail what their objectives really are. Instead of begin-
ning with a list of objectives and designing educational experiences 1o
accomplish them, writers and teachers frequently work in the other
direction, beginning with ideas for what they feel should be valuable
educational experiences and deducing the objectives from the experi-
ences, Thus, important objectives may be implied by the materials a
writer develops, but he may be unable to state them clearly or may
actually be unaware of their existence. The solution to this problem,
attempted in MINNEMAST, was to assign a member of the evaluation
staff as a consultant in educational objectives to work with each writing
team. The task of the consultant was to arrange a dialogue with the
writer(s) in order to arrive at a specification of objectives which both
he and they could consider to be satisfactory.

Pitfalls of Self-Evaluation

The close liaison of writer and evaluator raises some questions about
objectivity in evaluation. In theory, there would seem to be no reason
why the designer of a curriculum could not act as his own evaluator
provided that he approach the task as a scientist. The scientist works out
a hypothesis about some phenomenon that interests him. Since he may
have labored hard to produce this hypothesis, he may not be predis-
posed to believe that it is false. Yet, he suspends his belief and tests his
hypothesis experimentally. If the results of the experiment are positive,
he will tentatively accept the hypothesis as valid, at least under the
conditions operating in the experiment. If, however, the results of the
experiment are negative, he will reject the hypothesis as invalid and
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either begin again to build a new hypothesis or é.ttempt to modify the
present hypothesis in such a way as to make it correspond more closely
to his experimental observations. The scientific community arranges
an elaborate system of social rewards and punishments to keep the
individual scientist “honest” in this endeavor,

The curriculum designer is not typically provided with a similar set
of social and economic rewards for checking the soundness of his hypo-
theses. He receives his rewards for producing the curriculum (that is,
the “hypotheses”), and he is not rewarded for treating his product as
something tentative. Instead, he usually acts as if he believes it is valid
and seeks to convince others that he is right. Under such conditions it
is reasonable to doubt the evaluative judgments of a curriculum de-
signer concerning his own curriculum,

At the other extreme is the evaluator who has nothing to do with
the development of the curricutum and knows nothing about it. It is
hardly more likely that he can evaluate the curriculum than the non-
scientist can perform the scientist’s experimentation. He must, of neces-
sity, find out a great deal about the curriculum he is to evaluate. If,
in the process of familiarizing himself with the object of his investiga-
tions, he becomes closely involved in the production of some part of it,
he may lose some of the objectivity his independence allowed him.
How much objectivity he loses probably depends on whether he adopts
an active role in which he is critical of and contributory to the curricu-
lum in advance of data collection, or a passive role in which he reserves
judgment and limits himself to clarifications of means and intentions.
To draw an analogy from chemistry, the difference is between a reactant
and a catalyst.

In the MINNEMAST Project, the evaluation staff attempted to act
as catalysts in the process of specifying objectives for each unit. That is,
they attempted to maintain a detached position with respect to the
objectives of the curriculum and sought to clarify those objectives
through discussion with the writers.

Procedures for Developing Domains

The task of determining instructional objectives may be thought of
as one of moving from vague to specific statements of the properties
that the instructional outcomes should possess. An analogy between
objectives and architectural blue-prints may be instructive. The blue-
print is a definition of the properties that the finished product is to have.
It is produced as the result of discussions between the architect (as
consultant) and the person for whom the house is to be built. During
these discussions, the architect seeks progressively to clarify the in-
tended meaning of the term “house.” The blue-print becomes the
operational definition of house, and an independent observer is able to
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check whether the product of the builder’s efforts possesses properties
that match those specified in the blue-print.

For educational objectives to be operationally defined, the properties
of the behavioral outcomes of instruction must be made explicit. Gen-
eral descriptive statements usually contain meanings that remain too
subjective and ambiguous. Just as there is less practical value in the
word house than the blue-print that defines it, there is less practical
value in the phrase understanding place-value notation than the speci-
fication of a set of test items (together with a description of their im-
portant characteristics) that could be taken to define the understanding.
(Although the point has been implied several times in the preceding
discussion, it is important to emphasize that the term test item refers to
any replicable sitvation in which specified behavior may be recorded
and scored, including non-verbal as well as verbal, paper-and-pencil
performance.}

Instead of attempting to describe step-by-step procedures for de-
veloping domains of test items, a few predominant strategies will be
sketched. For the outlines of a much more thorough, systematic treat-
ment, see Rabehl (1971).

One strategy is to start with prototype items and systematically alter
parts of those items to generate sets of equivalent items exemplifying
the general concepts or skills supposed to be tapped by the prototype.
A preliminary list of prototype items may often be extracted directly
from the written curriculum materials. The next task is to determine
whether satisfactory performance on each of these prototype items is
really an anticipated outcome of the instruction and to what extent
the list of items may represent a biased subset of some larger set of
implicit cutcomes. To do this, the list of items may be presented to the
writer(s) and he may be asked to make judgments about the accepta-
bility of each item and the completeness of the list. “Ts this what you
would like students to be able to do? Is there anything else you would
like them to be able to do? In what ways might the items on this
list be changed and still get at the same general ideas?” This line of
questioning results in the production of sets of items that the writer
can classify (to his own satisfaction) in terms of general descriptive titles.
The resulting pool of items may be small or large depending on the
subject matter. It may consist of a simple listing of items or it may be
composed by stating sets of rules by which items may be generated.
In general, the task is to produce a pool that the evaluator and writer
agree upon as representing the central body of knowledge and skill
that are the goals of instruction.”

“In MINNEMAST the dialogue was carried on exclusively between evaluators
and writers, but it is important to remember that the writer is just one of a number
of possible participants or “informants.”
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The foregoing strategy may be thought of as primarily inductive in
nature. Starting from a list of items extracted from the teaching ma-
terials, and working through a dialogue with the writer, the evaluator
makes inferences about general goals and fills out the set of items ac-
cordingly. This strategy may, of course, be balanced by a deductive one
in which the dialogue starts from general statements of objectives and
the writer is asked to suggest items exemplifying the general goals.

MINNEMAST evaluation staff members varied in the extent to which
they made use of the more-or-less standard language of bhehavioral
objectives (“Given A, B, C, the student will do X, Y, Z7). Some found it
easier to accept the writers’ objectives in their own terms, whether
cognitive or behavioral, and to link these to examples at the level of
test items. Others attempted to work through an intermediate level of
behavioral specification.

A third strategy for filling out a domain involves the formation of
hypotheses about sequences or hierarchies of instruction. Given an
item, or set of items, representing agreed-upon goals, the evaluator
may ask the writer, “What knowledge or skill would the student need
before you could teach him this? Are there alternative ways of arriving
at the solution or acquiring the skill? Are these things taught in this
unit? (Should they be?) Should we devise items to test these abilities,
whether or not they are explicit goals of this unit?” Similar questions
may be asked, proceeding in the opposite direction: “Given that stu-
dents can do these things, what else could you teach them? Are these
things taught in this unit? (Should they be?) Should we devise items to
test these abilities, whether or not they are explicit goals of this unit?”

This process of tracing out hypothetical connections to prerequisite,
or subsequent, knowledge and skill is open ended. It is important, how-
ever, to note the considerations that enter into the process of deciding
whether to stop or to further expand the domains;

1. Everything that is explicitly taught in the unit probably should be
tested. If only terminal behavior is tested it may be hard to trace
out the exact sources of failure.

2. Even if prerequisite behavior is not taught in the unit, it probably
should be tested (within limits of time and energy) since failure
that might otherwise be attributed to the unit may be due to in-
adequate preparation.

3. It may be worthwhile to include subsequent behavior, beyond the
explicit goals of the unit (within the limits of time and energy) to
assess generality or transferability of the instruction.

4. Circumstances that set practical limits to the detail with which
prerequisite and subsequent behavior may be tested include:

a. Time and other resources available to writer(s) and evaluator(s).
b. The size of the student population which, in a matrix-sampling
test design determines the amount of ground that can be covered,
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given that there are upper limits to the amount of testing to
which an individual student may be subjected. The larger the
population of students, the greater the range of behavior that
may be assessed.

In his dialogue with the writer, following any of the above strategies,
the evaluator may either play the role of non-directive questioner
(“What items might exemplify this objective? How could these items
be changed and still test the same thing? Does this list of items get at
all the important objectives of unit? What items might test abilities
prerequisite or subsequent to these?”), or he may play a role more
analogous to that of a descriptive linguist, working with an informant
to discover the structure of an unknown language. That is, the evaluator
himself may generate or create permutations of items and try them out
on the writer to see whether or not he accepts them. ("Would this item
exemplify this objective? If this item were changed in the following
way, would it still test the same thing? Would these items be useful
additions to the pool for the unit? Would these items test appropriate
prerequisite and subsequent abilities?”)

Out of their experience in the foregoing dialogue, members of the
MINNEMAST evaluation staff acquired a repertoire of what might
be called item transformation rules—more-or-less routine ways of alter-
ing various characteristics of items to generate new instances that could
be presented to the writer for his comments. Rabehl (1971) has taken
steps toward working these transformation rules into a classification of
behaviors encountered in science, and he has proposed taxonomic prin-
ciples to be applied within a framework of analysis referred to as Be-
havioral Systematics. The next generation of work in domain analysis
may well draw heavily on Rabehl’s theoretical work. However, the
MINNEMAST activities represented an intuitive, pre-theoretical stage
from which Rabehl’s treatment grew.

The following is a rudimentary list of characteristics typically con-
sidered by MINNEMAST evaluation staff in producing transformation
of items.

1. Forms of instructions: instructions may be given in written or
spoken form (or a mixture of both) or the situation may be “staged”
nonverbally.

2. Forms of responses: the student may be asked to produce a written,
a spoken, or a motor (i.e., manipulative) response or some combina-
tion of the three.

3. Syntax: syntactical transformations of the instructions-can generate
alternative language without changing the response requirements.

4. Vocabulary: words used may be technical or nontechnical. Sets of
acdceptable and unacceptable synonyms may be important to con-
sider.
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5. Sequencing: the order of separate parts of the instructions can
sometimes be permuted.

6. Supplementary information: items may be constructed in such a
way that, if a child fails to respond, he may be given further specific
information, Different classes of items may be created by supplying
different kinds and amounts of supplementary information.

7. Numerical values: ranges of numbers, lengths, areas, volumes, etc,,
are very important and have to be specified.

8. Physical characteristics of materials: materials that the child must
manipulate to arrive at a response usually have physical properties
that can be varied systematically to create a range of such materials
(e.g., the general physical properties of the class of objects called
beam balances can be identified; a child who can operate simple
beam balances successfully cannot necessarily operate more so-
phisticated ones successfully).

9. Production, choice, or judgment: the student may be asked to write
or construct something that is not already part of the material
presented to him; he may be asked to select the correct answer
or answers from alternatives given; or he may be asked to judge
whether or not a given answer is true or false.

It is important to consider the above kinds of item characteristics care-
fully because underlying them are implicit theories about performance
generalization and instructional transter. For each transformation per-
formed on an item, one should ask, “How might changes in this char-
acteristic be expected to affect the student’s ability to respond? What
specific conditions, or ranges of values, are most important? Where
can generalization be expected and where will explicit teaching prob-
ably be necessary?” The result of such an endeavor is the construction
of a theory (perhaps a primitive one initially) about the variables that
are likely to affect the student’s behavior, the experiences he ought to
receive in instruction, and the range of generalization to be expected
in his subsequent performance.

In the early stages of this kind of theory making (exemplified by
MINNEMAST), it is often hard to tell which item characteristics are
trivial and which are important. Such things as whether the instruc-
tions are written or spoken may be trivial in some circumstances and
extremely important in others. Underlying the domain-referenced test-
ing approach is an assumption that such details of stimulus conditions
and response characteristics are more often important than not, and
that failure to take them into consideration may account to a great extent
for .our typical failure to find differences between gross educational
treatments. One way to determine if this assumption is true is to carve
up some subject-matter domains in detail and study them to see whether
such fine-grained conditions do indeed have sizable effects for given
groups of children.



EVALUATION IN THE MINNEMAST PROJECT 23

The Point-of-Entry Problem

Frequent outcomes of the dialogue between writers and evaluators
in MINNEMAST included clarification of latent or unrecognized goals,
discovery of new goals, and a kind of restructuring of the subject matter
at an epistemological level. These in turn often suggested new teaching
procedures or “embodiments.” Therefore, when the dialogue took place
with respect to a more-or-less completely written unit, the results were
often frustrating, since it was often too late to incorporate the new ma-
terial in the unit. This placed the writer in a difficult position, one in
which his creative participation in the dialogue tended to be punished
by the discovery of material that he could not immediately use. The
more active his entry into the dialogue, the more thoroughly he was
likely to expose the shortcomings in his original thinking.

The point-of-entry problem for the evaluator thus turns out to be of
great practical importance. I he enters too late, the dialogue is likely
to be unpreductive. It may also be possible for him to enter too early.
Attempts to involve evaluation staff in a preliminary planning of
MINNEMAST units sometimes injected a premature note of concrete-
ness that may have inhibited the work of the creative staff. The first-
draft stage was found to be a convenient entry point.

COMPOSING ITEM FORMS
Item Forms

As the collections of items representing the objectives of a MINNE-
MAST Unit grew, they were laid out in formalized schemas called
item forms. Item forms serve two basic purposes: (1) they obviate the
necessity to store individual items by substituting a set of written rules
through which items can be generated when needed; and (2) they en-
able the relationships among items to be traced by giving clear specifi-
cations of relevant item characteristics. Thus, there are two major
parts to any item form—one that tells how to generate the items and
another that describes their salient characteristics.

The MINNEMAST evaluation staff eventually arrived at an item-
form format fairly general in application. This format took a long time
to develop. Those who examine the file of MINNEMAST item forms
will discover that early attempts bear little resemblance in detail to
later ones. Throughout the project the item-form format underwent
continual evolution. The “final format” should be regarded as an arbi-
trarily fixed point on a continuum of development. However, any way
of writing an item form needs to make provision for the same basic
kinds of information.

Figure 2 is an example of an item form. (Several others examples of
item forms representing a variety of different types of behavior may
be found in Appendix 3.)
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It takes a little practice to read an item form without bogging down
in details. First look at the title and general description at the top of
the left-hand panel. That gives a general idea of what the item form
is about.

Then lock at the shell that appears in the prominent box in the center
panel. This gives an example of an item as it would be read by an
examiner and administered to a student. The shaded parts of the shell
denote variables that may be replaced to create other items.

Next, look at the cell matrix in the left-hand panel. That gives a
general picture of the set of possible replacements for the variables
in the shell.

To go into detail about the theoretical characteristics of the replace-
ment structure, lock at the stimulus and response characteristics in the
left-hand panel. To go into detail about the exact mechanics of generat-
ing replacements study the panel at the right. What follows now is
a detailed discussion of each of the components of an item form.

Item-Form Cells

The smallest classes of items into which a domain is stratified are
called Item-Form Cells. An item form may include just one cell or,
more usually, several related cells. Cells are grouped into item forms
mainly on the basis of convenience and efficiency. Items from several
cells may have such similar characteristics that they can be generated
from essentially the same set of rules with only minor variations from
cell to cell. Thus, grouping these cells together into a single item form
removes the need for duplication of some generation rules. In addition,
the grouping allows clearer specification of the similarities and differ-
ences among the cells.

No precise guidelines presently exist for grouping cells into item
forms. It seems best to group together as many cells as possible with
the upper limit being determined by the difficulty of writing the gen-
eration rules and the difficulty of interpreting the item form. For ex-
ample, consider the domain of items represented in Item Forms 9.7 and
9.8 (Appendix 3). The items are all part of the domain dealing with the
behavior of producing a number satisfying a given relation to a specified
number or numbers. In one item form all items ask for a verbal re-
sponse; in the other, a written response. Otherwise, the two item forms
are identical. An attempt was made to cast all of these cells into a single
item form, but because the generation rules were difficult to write and
understand it was more satisfactory to divide this domain into two
separate item forms. Other divisions of the domain could have been
made, but division on the basis of the response requirement seemed
most convenient and most intelligible.
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The Hem-Form Shell

The Item-Form Shell contains the common, unvarying components
of all items generated by the item form. To produce an item, blank
spaces in the shell are filled according to specifications given in the Re-
placement Scheme. The item then tells an examiner exactly what to
give the child and what to say to him. Each item is a set of instructions
for the examiner to act upon, These instructions must tell the examiner
what materials (if any) to give to the child, when to give them and
how to give them, what to say to the child and when to say it, what
features of the child’s response to observe and how to record them.
These instructions are given in four subsections of the shell: Materials—
which lists by name the manipulative objects or printed materials
needed for presentation to the child; Directions—which describes how
the examiner is to proceed in administering the item; Script—which is
coordinated with the directions and specifies exactly what the examiner
is to say in administering the item; and Recording—which indicates
what the experimenter should look for in the child’s response and how
he should make a record of it. A fifth subsection of the shell identifies
the item by code number and allows space for inserting information
specifying the child to whom the item should be presented. The total
layout allows the examiner to read each item systematically from the
top of the page to the bottom,

The layout of the shell is best determined by administrative con-
venience. The items developed by the MINNEMAST evaluation staft
were designed for individual administration by an examiner. Therefore,
the filled-in shell had to give clear directions to the examiner concern-
ing what to do and say and to whom. However, a modified shell would
be necessary for other forms of test administration such as paper-and-
pencil examinations where the child rather than the examiner reads the
directions and script and records his own responses.

The convention adopted for indexing replacement variables in the
shell is a blank prefixed by a letter referring to the relevant specifica-
tion within the Replacement Scheme. Replacements can be words,
phrases, symbols, numbers, figures, or indices referring to special test
objects or materials. They can occur in any part of the shell and even,
when there are variables nested within other variables, in the Descrip-
tion of Materials and the Replacement Scheme sections of the item
form.

The instructions for recording a child’s response should not require
an examiner to decide on the correctness of the response. If the response
is to be verbal, then the instructions require an examiner to record that
response verbatim. If the response is to be manipulative, then the in-
structions indicate what specific features of the child’s actions to observe
and how to make a record of them. Where sufficient of these features
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can be anticipated in advance and where identifying the occurrence
or non-occurrence of special manipulations is important, a check-list can
sometimes be provided. Even so, the examiner may need to make fur-
ther written descriptions of the child’s response if the check-list proves
to be incomplete.

The MINNEMAST item forms did not often supply check-lists but
usually required written descriptions of each response. One useful de-
vice was the provision of an incomplete diagram that could be filled in
to show how the child arranged or used the materials. For example,
a stylized diagram of the arms of a beam balance was useful for show-
ing where the plumb-line was resting when the child made his verbal
or written response concerning the relation between the weights of two
given objects (see Appendix 3, LF. 16.14). In this case, the diagram
provided not only a record of what the child did with the objects but
also allowed a check on whether he was given the correct objects by
the examiner and whether the balance acted in the anticipated manner.
In cases where a written response was required, it was a simple matter
to preserve the response on a sheet of paper and identify which item
and child produced it.

Description of Materials

The Description of Materials gives a complete description of the test
objects that are merely listed by name in the materials section of the
shell. To be complete, this description must include all the necessary
information and instructions for preparing test objects for specific items.
The description should leave the least possible ambiguity about what
the test objects are and how they are constructed.

For the MINNEMAST item forms, it was found convenient to label
each test object with a Test-Object Number so that each object could
be easily cross-referenced if necessary. A complete listing of test ob-
jects for each unit was then made in a Test-Object Inventory (a sepa-
rate document from the item forms). One numbering system made use
of a three-part serial number, specifying the curriculum unit, a test-
object set, and an element within the set. The convention when refer-
ring to a test object from a set of one element was to label it, for
example, as T.0. 10.1.1, meaning test object 1 for Unit 10. Entire sets
were then referred to, for example, as T.0.S. 12.3.0, meaning test-object
set 3 for Unit 12. The first element of this set was T.O.E. 12.3.1. These
conventions were found to minimize ambiguity and misunderstandings.

The Test-Object Inventory listed the complete set of test objects for
a unit in numerical order. Ideally, the inventory gave complete instruc-
tions for the construction of the objects, repeating anything that had
already been given in the Description of Materials sections of the item
forms. It often happened that complete instructions were difficult or
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time consumning to write and the actual test objects or their prototypes
were maintained in storage and merely referenced by the test-object
number and a brief description of salient features.

In a strict sense, the Test-Object Inventory is redundant since it re-
produces materials already found in the Description of Materials sec-
tions of the item forms. However, there are advantages in this arrange-
ment. First, it is desirable to have a complete specification of the test
objects within an item form so that each item form can stand by itself
without the need for any supplementary explanation. Second, it is
desirable to have an inventory of all test objects to aid in cross-referenc-
ing {once an object has been designed, the same test-object number
can bhe used for it at all times), to allow short-cutting in writing the
item form (valuable time can be saved by referring a typist to the in-
ventory when an object that is already listed is to be described in an
item form), and to provide a complete set of instructions to anyone
whose task it may be to assemble the test objects (instead of having to
dig through the item forms themselves with the possibility of missing
something, the inventory can be used directly for test-object construc-

tion).
Replacement Scheme and Replacement Sets

The Replacement Scheme specifies how to choose values or prescrip-
tions for each of the variable parts of the item form. Replacements may
be required in any or all of three different places: (1) in the Shell,
where variables may be indicated within the Materials, Directions,
Script, and Recording subsections; (2) in the Description of Materials,
where variation may be indicated within a test object or where choice
among test objects may be required; and (3) in the Replacement Scheme
itself where variables may be nested within other variables.

The following conventions help to provide uniformity and a minimur
of confusion to anyone reading the item forms:

1. Replacement instructions are ordered by variable, each variable
being indicated by a letter. An alternative would be to arrange every-
thing by cells. At first this might seem to be a better arrangement
since it would probably be easier for the novice to read. But its dis-
advantage is considerable repetition of information, especially when the
number of variables is large. By arranging the replacement instructions
by variable, repetition is eliminated. Generation of the items is also
facilitated by this arrangement provided that all cells of the item form
are being used for the testing.

9. Variables are sometimes given a name to help in identifying where
they occur in the item form.

3. Replacement rules are of two kinds. When a replacement is con-
stant for all items within a cell, then it can be specifically identified
by means of a verbatim entry enclosed in quotes. When a replacement
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is variable within a cell, then it has to be sampled from a Replacement
Set according to a sampling directive. Replacement Sets usually consist
of words or numerals since they specify what is to be written into the
blank spaces of the item form.

MINNEMAST item forms were identified by a two-part numeral in
which the first indicated the unit where it was first used and the second
part indicated the set number within that unit. Thus, for example,
R.S. 16.4 meant Replacement Set 4 Unit 16.

Because Replacement Sets can be used several times within one item
form, they are most conveniently collated in a separate section of the
item form. Sampling directives can then reference a Replacement Set
by number. For the reason that many of the same Replacement Sets are
used across many item forms even from different units, unnecessary
repetition is avoided by keeping a complete listing of Replacement Sets
in a Replacement Set Inventory. In this inventory, any particular Re-
placement Set can retain whatever number it was first given.

Sampling from a Replacement Set is ordinarily thought of as being
done randomly, but the exact sampling procedure must be determined
by the purposes of a specific field-test design. The cells in an item form
function as sampling spaces which may be grouped in various ways
and sampled according to various schemes, depending on what esti-
mates one desires to make. Maximum flexibility is ensured by handling
the sampling procedures separately from the item forms, in an “Assign-
ment Plan” compiled on each occasion that a group of item forms is
assembled for use in a particular test administration.

Stimulus and Response Characteristics

Sections I through IV of the item form are descriptive and analytical.
These sections are jmportant in making interpretations of the domain
of items, in analyzing the functional relations between items and cells
within the item form, in analyzing the functional relations between
items and cells of different item forms, and in making generalizations
beyond the item domain.

Of primary importance are the sections Stimulus and Response Char-
acteristics and Cell Matrix. These are intended to describe and justify
whatever behavioral analysis may underlie the properties or character-
istics utilized in structuring the domain of items. Where possible these
characteristics are dimensionalized and given brief titles. For example,
items ask for a response to be made in a certain mode, usually either
spoken or written. Thus, a possible description for this dimension is
Requested Response Mode and the two values it can take are Spoken
and Written,

Stimulus and Response characteristics may be usefully grouped under
three general headings:
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1. characteristics that are constant for {common to) all cells in the
item form;

2. characteristics that distinguish among cells; and

3. characteristics that are variable within cells.

Specifying the constant characteristics is the most difficult task, es-
pecially in the early stages of subject-matter analysis. The problem is
not to distinguish among items within an item form but rather to dis-
tinguish among item forms within a larger domain, The features of
the item form chosen for description in this sub-section reflect the
characteristics of an implied larger domain of which it is a part. The
larger this domain, the more features of the item form must be identified
for the purpose of distinguishing it from others. And the less clearly the
domain is understood (ie., in early stages of analysis), the harder it
is to identify relevant features. Although no easy ways of clearly specify-
ing the relationships among item forms have yet been devised, this
sub-section of the item form ought to contain all relevant information
possible. The development of a comprehensive classification system in
“Behavioral Systematics” may provide the long-range solution to this
problem.

Characteristics that distinguish among cells are usually the easiest
to identify because they are the main product of the analytical dialogue.
These are the major characteristics that the writer and evaluator suspect
may have important effects upon performance. For the same reason,
within-cell-variables are also not difficult to specify. These are the
variables over which the writer and evaluator expect performance to
generalize.

Cell Matrix

The Cell Matrix serves two functions: (1) it provides a summary of
the information presented in greater detail under Stimulus and Re-
sponse Characteristics, thereby making it easier to trace the relation-
ships among the variables and the connection and distinctions among
the cells; the two sections, therefore, complement each other; and (2)
it assigns an identification number of each cell to coincide with the cell
numbers used in the Replacement Scheme. The Cell Matrix is, there-
fore, an important link between the various sections of the item form.

Cell matrices may take different forms depending on the number
and kind of dimensions used to stratify the domain. These dimensions
may be completely crossed, or some may be nested within others.
Sometimes blank cells will occur when combinations of item character-
istics do not logically or naturally occur together.

Although the Cell Matrix has been presented here far along in this
discussion of sections of item forms, it is most often one of the first
sections of the item form to be written. Of course, it cannot be easily
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interpreted at an early stage in the production of the item form by
someone other than its author. Yet it provides a convenient way of or-
ganizing the information with which he is beginning to work. Further,
it sometimes happens that in laying out the Cell Matrix, item classes
that have not previously been considered are discovered. These new
cells are often unusual and interesting; manipulation of cell matrices
thus provides a useful heuristic for extension of the domain.

Identification of the Item Form

The two beginning sections of the item form give information in-
tended to facilitate rapid identification of its most essential features.
The Item-Form Number uniquely identifies it for mechanical storage
and retrieval. The Title is used for purposes of preliminary identifica-
tion and classification of the behavior and ordinarily provides little
specific information. The General Description gives more information
than the Title but is restricted to a brief statement, usually in one or
two sentences, describing more precisely the major characteristics of
the item form.

Those familiar with the technical language of behavioral objectives
(c.f. Mager, 1962; Popham & Baker, 1970) might find it interesting to try
translating the titles and general descriptions of the item forms in Ap-
pendix 3 into that language. Some translate easily, but others do not.
In general, when the behavior defined by the item form becomes com-
plex, the language of behavioral objectives becomes unwieldy. Thus,
there is no simple, direct connection between the analysis of behavior
in terms of item forms and the language of behavioral objectives. The
language of behavioral objectives is just one way of describing, in gen-
eral terms, the classes of behavior that are operationally defined by
an item form.

Scoring Specifications

The last part of the item form to be considered is the section dealing
with Scoring Specifications. These describe the properties to be used
to distinguish between correct and incorrect responses. However, the
problem of clearly specifying the necessary properties is often not a
simple one. Throughout the MINNEMAST work a concerted attempt
was made to force dichotomous scoring of items. Whether or not this
should be an essential feature of the domain-referenced testing model
is a matter of some debate, but in practice it has two nice qualities:

1.1t simplifies the conception of the basic testing model so that one
may conceive it as fundamentally a problem of estimating the propor-
tions of people who could answer an item correctly (or proportions of
items a person could answer correctly) rather than as a problem of esti-
mating mean scores on scales of correctness.
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2. It has the useful characteristic of prompting writers (and other sub-
ject-matter informants) to think with unusual care about the properties
that really do enter into their judgments of correctness.

A few examples may help clarify some of the issues involved. Con-
sider an item in which the student is presented with an ordered pair
of numbers and with a grid on which he is asked to plot the point
corresponding to the ordered pair. Especially when the specified point
does not fall at the intersection of two grid-lines, it can be expected
that subjects will not plot the point precisely. The problem is how
much error to allow. Determining the error tolerance must be con-
sidered an integral part of the definition of the objective. Presumably,
the allowable error tolerance in graphing an ordered pair could be
reduced as the testing population changed from third-grade children,
to high school seniors, to research physicists—that is, as the educational
objectives for each successive level of schooling specified greater pre-
cision in graphing skills.

A different kind of example, involving verbal rather than manipula-
tive response, is an item in which the child is presented with a three-
digit numeral (e.g. 237) and asked, “What is this number?” Let us
imagine that a “correct” response as specified by the writer is “two hun-
dred thirty-seven.” How then should the following responses be scored;
“two hundred and thirty seven”; “two thirty-seven”; “two-three-seven’™?
To make decisions like these, the writer may often have to go back to
a more careful analysis of the exact sequence of instruction in the unit.

Sometimes it may be hard to specify an ideal target response in
advance. This occasionally happens when one concocts items that place
" the student in a relatively unstructured situation, where a wide variety
of responses may be appropriate, and where criteria for judging the
gooduess of the responses are complex and vague. The MINNEMAST
staff found it profitable to utilize a fairly large number of such items,
or item forms, and to carry out post hoc classifications of students re-
sponses. Although this was time consuming, it yielded information that
often proved quite useful in suggesting leads for revision of the curri-
culum materials. A good example of such post hoc classification may
be seen in MINNEMAST Item Form 23.10 (see Appendix 4, Example
4}. The groupings used in this classification are somewhat arbitrary and
incomplete but they do impose meaning, however pragmatically, on the
data. It is important to note that such classification developed in post
hoc analysis of data from one test administration may be used as prior
criteria for defining correct responses in the mext. Thus the process
should converge toward development of more and more precise scoring
criteria.

The principal data derived from the MINNEMAST domain-refer-
enced testing program were proportions of “correct” responses. Often
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however, it was also instructive to know what kinds of correct and in-
correct responses were being made. Not only did such knowledge
suggest more specific ways of revising the materials but it also occa-
sionally suggested new objectives of the curriculum that had not pre-
viously been considered. Therefore, a simple two-way categorization
of responses into correct and incorrect was often thought inadequate,
and further subdivisions of those categories were made in order to take
advantage of the richness of the collected data. ‘

In general, the MINNEMAST staft found it most convenient to de-
velop the Scoring Specifications section of the item form empirically,
through analysis of responses from successive test administrations, and
not to try to write air-tight specifications before gathering pilot data.
Complete Scoring Specifications, except for the simplest items, were
seldom written into the item form at the beginning. Strictly speaking,
however, an item form must be considered incomplete until this section
is written.

EXPERIMENTAL DESIGN
Choosing an Experimental Group

To assess the effects of a curriculum, it is necessary to choose an ex-
perimental group of children to whom it has been presented. Choice
of an experimental group close to project headquarters was desirable
for several reasons. The main considerations were convenience and
management. The MINNEMAST Curriculum essentially took the form
of a teacher handbook containing directives and suggestions telling how
to prepare and perform sequences of instruction. As is the case with
most curricula, the teacher thus mediates between curriculum writer
and child. The curriculum writer cannot influence the child’s behavior
directly, but the curriculum may be thought of as the writer’s means
of guiding the teacher’s behavior. Clearly, then, one line of research
and evaluation ought to involve assessment of the effects of the cur-
riculum on the teachers. Strategically, however, it makes sense to give
first attention to the effects on children of the treatment “according to
the book.” Can children acquire the prescribed objectives when taught
the curriculum as specified? Therefore, it may be necessary, at least
initially, to provide guidance and consultation for the teacher beyond
what is provided by the curriculum alone. The question of whether the
curriculum by itself adequately guides teachers can be investigated
later as a separate issue.’

® This argument may have a logically convincing ring, but the situation is much
more complex than it sounds. The roles of teachers and developers need to be
carefully re-examined: the production-dissemination model, on which MINNEMAST
and most of the NSF curriculum development projects of the time were based,

may be a poor model for change in education. These issues will be raised again
in Chapter IIL
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It is probably impossible, and perhaps undesirable, for the curriculum
to constrain the teacher severely. Certainly, the form of the MINNE-
MAST Curriculum precluded such extensive influence. Many decisions
concerning classroom management, pacing of activities, and motiva-
tional strategies, for example, were left for the teacher to make when
implementing the lesson plans.

In general, it is not easy to keep track of whether what a teacher is
doing represents a satisfactory implementation of the curriculum. In
MINNEMAST, to ensure that the curriculum was taught as intended
by the writers, informal supervision was provided by a member of the
writing staff (or someone of similar training and orientation) who could
spot the more obvious violations of the written curriculum and provide
appropriate consultation to the teacher.

The MINNEMATH Trial Centers had been set up with this problem
of supervision in mind. They were to provide preservice and inservice
training for teachers of the curriculum and to provide consultative help
in classroom instruction. However, the extent to which the members
of this loosely organized consortium succeeded in carrying out these
aims was difficult to assess. On the other hand, teachers in the Twin
Cities area were in continual contact with writers and implementation
staff. Many of the personnel responsible for developing the units were
involved in local supervision or were easily accessible for consultation.
Moreover, the evaluation stafl could keep itself apprised of the situation
in the schools, take note of exigencies that might influence the instruc-
tional outcomes, and provide general supervision for the test adminis-
tration.

Testing considerations were also important in deciding to use only
Twin Cities schools for the domain-referenced evaluation. Administra-
tive problems increased with each new center added to the experimental
population. The individualized nature of the testing required the hiring
and training of examiners on each location, the construction and trans-
portation of sets of tests and test objects for each location, and the
coordination of testing with differing school schedules. In addition, extra
time and effort were necessary to ensure that examiners carried out
the testing procedures as prescribed.

By restricting the experimental group to local schools, only one set
of examiners was needed, and their training could be comprehensive
and efficient. Supervision of examiners was easily accomplished by oc-
casional observational visits and by daily scrutiny of completed tests.
The construction of tests, a time-consuming task, was not further com-
plicated by the necessity of preparing many test kits and of ensuring
their arrival at many distant locations in time for administration. Finally,
coordinating testing with teaching could be done without elaborate
communication systems, since daily contact could be maintained with
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schools and testing arrangements could be quickly modified to meet
local contingencies.

Generalization from this local experimental group to more general
populations, of course, must be made with caution. The experimental
group reflected a crude cross-section of elementary school classrooms
throughout the country. Both urban and suburban schools were repre-
sented, and a wide range of socio-economic backgrounds was included.

The experimental group could have been stratified to give indepen-
dent estimates of performance for various sub-categories of children.
The problem is parallel to that of generalization beyond an immediate
domain of test items. To the extent that the experimental group can be
stratified along various dimensional characteristics, extrapolation be-
yond it would be possible.

But the cost of such elaborate experimental designs did not seem
worthwhile at the start. Initially, the important question was whether
the curriculum could be taught to any group at all. A system of suc-
cessive approximation was considered the best way to proceed: improve
the curriculum until it successfully achieves its objectives with a broadly
representative, but conveniently located, experimental group; then be-
gin experimenting with other groups and continue modifying the cur-
riculum until its generalizability across the whole target population has
been fairly well insured.

Each participating teacher usually taught only one class during any
particular year. Because teachers’ classroom strategies varied, each
class received somewhat different treatment. One way of taking account
of these treatment differences is to give equal weighting to each class in
the test results. To this end the group was stratified by school class. With
the sampling design used (described in detail later), although it would
have been possible to make comparisons among schools or among classes
and to further stratify the group on the basis of aptitude measures or
socio-economic indices, this was not done.

Testing of the experimental group commenced soon after a teacher
reported to the evaluation staff that she had completed the teaching
of the relevant unit. Since each class in the experimental group did
not complete the unit at exactly the same time, testing was done with
fewer examiners than there were classes. Typically, three or four ex-
aminers proved sufficient for 12 to 16 classes. Where possible, testing
was completed within a period of one or two weeks so that no lengthy
period elapsed between the completion of the unit and the testing of
any child.

No Control Groups

No countrol groups were utilized. When one is primarily interested
in finding out what the curriculum can do and whether it satisfies its
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own objectives, control groups are not useful. Where the objectives of
the curriculum differ markedly from the usual so that both the content
and its sequencing are unique, comparisons with other curricula may
only be legitimate over extended periods of instruction, such as the
whole of elementary schooling. Such summative comparisons take too
long and do not provide the detailed information useful in trouble-
shooting the curriculum during its development. On the other hand, it
can be argued that there is some worth in knowing that the curriculum
really does teach something different. For example, if there is a suspicion
that some objectives of the curriculum might be met were no instruc-
tion given at all, then there might be value in choosing a group of
children who have not been taught that topic formally and testing
their knowledge for comparison. Effects of explicit instruction in such
things as “conservation of quantity” and other components of MINNE-
MAST lessons derived from theories of Piaget might well fall into this
category.

In general, the use of control groups makes most sense when a com-
parison of two specific curricula can be made. It makes little sense to
try to compare MINNEMAST with any and all other curricula. But
there might be considerable value in exposing separate groups of chil-
dren to the A.A.AS. Curriculum Science—A Process Approach. Tach
group could then be tested on the objectives for both curricula. A com-
parison of performance on those objectives unique to each curriculum,
and those common to both, could indicate something about the strengths
and weaknesses of each curriculum. But this kind of comparison seems
most profitable after initial formative evaluation of each curriculum
has been made separately.”

Post-Testing Only

The MINNEMAST domain-referenced evaluation involved post-test-
ing only. There is much to be said for also carrying out pre-testing
using the same domain of items so that specific statements can be made
concerning the increments in learning as a direct result of the curri-
culum. In addition, pre-testing can reveal the extent to which various
forms of behavior are already in the children’s repertoires before in-
struction begins. However, against these advantages must be set the
disadvantages.

Complete pre-testing doubles the time and labor of students, testing
personnel, and data handlers, and the trade-off against coverage of de-
tailed objectives involves a serious competition. A more subtle strategy
is to embed certain pre-tests in post-tests of earlier units. The MINNE-
MAST evaluation did not take sufficient advantage of this strategy,

" A miniature example of this kind of approach, utilizing a domain-referenced

testing system to compare several approaches to teaching fractions, may be found
in a thesis by Sension (1971).
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partly because the strategy was not explicitly recognized at an early
stage and partly because of the nature of the production schedule, which
made coordination across units difficult,

Ideally one might test after each unit using samples from all of the
domains for the whole curriculum. In early stages of development this
would be impossible because the domains for the entire curriculum
would not yet be defined. It would also be time consuming and waste-
ful. Sometimes, we know fairly well what behaviors may or may not
be in the repertoire of the experimental population, and it is foolish
to test automatically unless there is good reason to think the information
obtained will be worth the effort.

If it were possible to establish a hierarchy of item-form cells, then
there might be an empirical basis for their inclusion in a given test ad-
ministration. The assumptions on which such a hierarchy would be
employed are: (1) that if behavior is displayed at some point in the
hierarchy, then all behaviors lower in the hierarchy would also be
displayed; and (2) that if behavior is not displayed at some point in
the hierarchy, then neither will behaviors higher in the hierarchy be
displayed (c.f. Gagné, 1967). The implication of this would be that
item-form cells from the hierarchy ought to be excluded from the test-
ing until there is some possibility that children can display the behavior
and then be inchided until most children are displaying it. This evalua-
tion strategem was not emphasized by the MINNEMAST staft.

Item-form cells may be included in the domains for a particular unit
for the purpose of investigating the limits of generalizability of the
behavior, even though the writers might not consider these cells as
objectives of the unit. It may then be possible to compare the results
obtained for different but similar item-form cells used in testing dif-
ferent units. For example, Unit 16—“Numbers and Measuring”-—taught
the use of three-place “T-notation” for representing numerals. Thus, it
represented 394 as 3T'T + 9T + 4. A domain of items was designed to
test knowledge of this representation scheme. Later, in Unit 24—
“Change and Calculations"—index notation was introduced so that the
representation became 394 =3T"+9T +4. A domain of items was de-
signed to test knowledge of this new representation scheme. Neither
domain was included in the testing of the other unit, but the parallelism
of some parts of the two domains allowed a comparison of the response
patterns. In this case, the comparison revealed that in both units many
children did not cue to such symbols as T-T and T°, but instead merely
to the order of the digits (see Appendix 4, example 2).

TEST CONSTRUCTION
Matrix-Sampling Design

The word test has many usages, and it is necessary to clarify its
meaning in domain-referenced evalnation. Any occasion on which a set



38 DOMAIN-REFERENCED CURRICULUM EVALUATION

of item forms was used to generate items that were administered to a
population of children was called a testing or test administration. The
ordered set of items assigned to a particular child was called a test.
But since each child usually received a different set of items, there
were as many tests as children sampled. The individual tests were of
little interest in themselves; they were simply the outcome of a sam-
pling design aimed at producing estimates of the performances of the
population of children over various domains of items. Usually, estimates
of performance were obtained for each item-form cell in the domain.

The simplest design, if it were possible, would be to assign all items
in a cell to @l children in the population. The data obtained from
administering all of M items to each of N children can be cast into a
person-by-item matrix of the form shown in Figure 3.

Persons Items
Row
1 2 3 4...M Totals
1
2
3
4
N
Cotumn
Tetals

Figure 3: Person-by-Item Matrix.

Let the entries in this matrix be either “ones” (for correct responses)
or “zeros” (for incorrect responses)., Summing for each row or column
gives the number of correct responses in that row or column. These
totals can be converted into proportions by dividing by the number of
entries in the row or column, If person effects are of interest, then the
row proportions can be examined; if items effects are of interest, then
the column proportions can be examined; if one is interested in an
overall effect—a general measure of how well everyone did on all the
items—one can add up all the correct responses in the entire matrix
and form a proportion by dividing by the total number of entries. The
MINNEMAST research and evaluation staff focused on this as the
measure of greatest practical interest for purposes of initial, formative
evaluation. Roughly speaking, the larger this proportion, the more
effective the curriculum may be said to have been in teaching the
knowledge or skill represented by the set of items in the item-form
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cell to the population of people represented by the set of persons in
the group who used the curriculum. Let us denote this general measure
P.;, the proportion of correct responses (P) in the matrix formed by the
set of items in the item-form cell (c) and the set of persons in the
group {g). Since both ¢ and g are finite, it would be possible to actually
obtain the measure P, by administering all the items in c to all the
people in g, but for virtually all practical purposes, P, is a parameter
to be estimated. The development of efficient sampling designs for
estimating P, for a large number of cells simultaneously (and for ob-
taining estimates of person and item variance within the matrices at
the same time) is a topic of some complexity. (See Husek & Sirotnik,
1968, for a useful introduction to the literature.)

The procedure utilized in the MINNEMAST Project was to ran-
domly sample a specified number of items from the item-form cell,
randomly sample the same number of children from the group, and
then assign each of these children one of the items. Items were sam-
pled with replacement and children sampled without replacement.
That is, each row could have only one entry chosen from it, but columns
could have more than one. .

There are three somewhat simpler procedures for sampling a cell-
group matrix than that utilized in the MINNEMAST testing,

1. One could sample entries without replacement. In practice this
could be done by drawing an item at random, drawing a person at
random, and assigning them to one another. Both the person and
item would then be replaced before the next draw, but the same
item could not be assigned to the same person more than once.

2. One could sample a unique set of intersections of rows and
columns. That is, both items and persons would be sampled without
replacement, thus eliminating the row occupied by the person and
the column occupied by the item from further sampling.

3. One could sample according to various block designs in which
rows and columns were allocated specified numbers of replications.
Block designs represent a level of sophistication beyond that re-

quired in an initial formative evaluation, but either of the first two
sampling plans would have served well. From the present vantage
point, it is hard to reconstruct the arguments in favor of the hybrid
sampling scheme utilized in the MINNEMAST testing, but the dif-
ferences among the distributions of the estimates obtained from these
alternative methods would probably be very small.

After a sample of items and people has been drawn for the purpose
of estimating a particular item-form cell proportion (Pc,g), the people
are replaced, and the process is repeated independently for the pur-
pose of estimating the next (P,,,). The independence of these estimates
is very important, because that is what permits descriptive flexibility,
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enabling one to compare proportions or distributions of proportions
among any chosen item-form cells, and to combine proportions to create
summaries of overall performance across several cells of item forms.
Assignment Sets

In MINNEMAST, the item-form cell was ordinarily used as the basic
sampling space for items. However, sometimes one may wish to com-
bine items from several cells into a larger set. This gives rise to the
notion of an Assignment Set.

There are two main reasons for creating special-purpose assign-
ment sets:

1. One may wish to obtain general estimates of performance over
several related cells without spending the time and effort required to
draw enough items from each cell to obtain a stable estimate of
P.,. For this purpose, the cells may be grouped together in an assign-
ment set for which a special stratified sampling plan is specified. For
example, two items might be drawn at random without replacement
from each cell and the sets of items obtained in this manner might
be assigned to a sample of students in the same way as if they con-
stituted a sample of items from a single cell. This would yield a gen-
eral estimate of performance over the domain formed by the collec-
tion of cells, in which the behavior represented by each cell would
receive equal weight.

2. One may wish to avoid assigning two or more very similar items
to the same student. Sometimes items from related cells may be so
similar that cuing effects may be predicted. If one wishes to prevent
such effects from occurring, the cells in question may be grouped
into a single assignment set for which students are sampled without
replacement.

The Assignment Plan

Sampling directions for a particular testing are drawn up in an
Assignment Plan. One part of the Assignment Plan specifies the relevant
experimental group of students and how it is to be stratified, if at all,
for sampling purposes. A second part specifies the item-form cells to be
used, the ways of composing special assignment sets (if any), the
numbers of items to be drawn from each cell, and the maximum num-
ber of items allowed each child. Finally, the Assignment Plan must
specify the exact procedure for assigning the items to the people.

In the MINNEMAST evaluation the group of students was stratified
by school-class. Classes were identified by school name, class number,
and teacher’s name, and for each testing each teacher submitted a list
of children who had been presented with the relevant unit. This suf-
ficed for the purposes of MINNEMAST, but for long-term studies
students should be assigned unique serial numbers to make it easier
to select groups with more extended histories, perhaps across several
years and in several different classes.
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The procedure for assigning items to students was as follows: The
sample of items was first generated. Letting i be the number of items
and ¢ be the number of classes, if i happened to be an even multiple
of ¢, then - resulted in a whole number x which indicated the
number of children to be sampled randomly from each class and each
randomly assigned to an item. If i was not an even multiple of ¢,
then —ém resulted in a whole number x plus a remainder y. This meant
that after sampling x children randomly from each class there were
still y more children to be chosen. These were obtained by selecting
one child from each of y classes chosen randomly from the c available

classes,

Sample Size and Reliability

How many items need to be drawn from a given item-form cell in
order to obtain a reliable estimate of P..? The details of this problem
have not yet been thoroughly worked out, but its general outlines are
fairly clear. The cell-group matrices are finite, but usually they are
rather large. In placing bounds on predicted sampling variability, it
is probably safe to think of the worst possible case as being an in-
finite matrix in which the value of each entry is determined inde-
pendently of the others. Of course, the entries are not independent;
in fact, items are classed together in item-form cells precisely because
one expects the behavior of students to generalize across them. Simi-
larly, students are grouped together in strata because one expects the
behavior of students te possess certain commonalities. The effects or
homogeneity of items, and of students, must be to decrease sampling
variability in comparison to the hypothetical worst case.

A rough idea of the effects of sample size on the reliability of the
proportions in the “worst case” may be formed by considering the
confidence limits shown in Table 1. As a practical operating rule,
sample sizes of approximately 30 seem to be fairly satisfactory. In the
MINNEMAST evaluation, this was the rule of thumb followed.

Table 1: Confidence Limits (95%) for varying sample sizes with
p = 0.60, assuming normal distribution of the proportion.®

N Lower Limit Upper Limit
10 25 95
15 32 88
20 36 84
25 A0 80
30 43 17
40 A5 15
50 L N
180 52 .68

% The formula used for calculating these values is given in Walker
and Lev (1958), p. 249.
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In practice, the question of the reliability of the estimated propor-
tions is largely an empirical matter. The main issue is whether or not
the obtained proportions fall into orderly and interpretable patterns,
and in general they did. Some representative data are presented in
Appendices 4 and 5.

Limiting Number of ltems per Child

As a consequence of the matrix-sampling design, each child could
be assigned a different number of items. Some might receive none at all;
others might, by chance, receive a large number. To prevent individuals
from receiving an unmanageably large number of items, it may be
necessary to set an upper limit to the number of items which can be
assigned to any one child. Provided that the proportion of children
who reach this limit is low, the independence of the estimates should
not be greatly affected.

For MINNEMAST testings, 10 items per child was usually the
specified maximum. But the value chosen depends on several con-
siderations. Older children might be allowed more items than younger
children. The number of manageable items also depends a good deal
on the nature of the tasks. Some of the MINNEMAST domains in-
volved very complicated, time-consuming activities. Others were simple
and involved less time and effort.

In the MINNEMAST procedure, if a child reached his limit of items
before sampling for all assignment sets was completed, he was elimi-
nated from sampling for the remainder of the assignment sets. The
result of this was that the group of children from which samples were
drawn early in the sampling process was not quite the same as the
group of children from which samples were drawn later in the sampling
process. If a large proportion of children were removed from the popu-
lation through this process, serious problems of inference would arise.
The MINNEMAST testings were moderately successful in keeping the
proportion of children reaching the set limit low. Table 1 of Appendix 4
illustrates a case where an upper limit of 5 items per child was im-
posed for each separate part of a test administration.

In general, careful consideration must be given to the interplay be-
tween the number of cells in the domain, the number of items gener-
ated per cell, the size of the experimental group, and upper limit of
the number of jtems assigned each child. Decisions cannot be made
about one without affecting the others. If the size of the experimental
group is fixed in advance, then the others must be adjusted to ac-
commodate. If the experimental group is small and the domain large,
then it may be necessary to restrict testing on any given occasion to
only certain cells from the domain.
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Randomizing Order Effects

Systematic carry-over effects from one item to the next may be pro-
duced if items are arranged in the same sequence in every child’s test.
Such effects are uwsually undesirable, because we wish to study items
independently of each other. They may be avoided by randomizing
the order of presentation of items to each child. This was the practice
adopted for MINNEMAST testings.

There may be times when the effects of particular orderings are of
interest. These may be studied by arranging specific orders of items as
explicit variables by means of a special assignment set. No attempt was
made to study such orders in the MINNEMAST testings.

Practical Procedures in Test Construction

Test construction in accordance with a matrix-sampling design tends
to become time consuming and tedious unless considerable effort is
devoted to designing eflicient procedures. In theory, domain-referenced
testing is well suited to computerized generation of the printed ma-
terials and matching of items and children,

In the early days of MINNEMAST testing, it was not possible to
anticipate all of the variations in sampling schemes and test-item for-
mats that were to come. As a result, the first computer programs were
not applicable to later domains without considerable modification. It
quickly became apparent that changes in the programs could not be
made fast enough to provide complete print outs in time to meet
testing schedules. Consequently, complete reliance on the computer
was abandoned and more flexible techniques substituted.

One aspect of test assembly which remained essentially unchanged
throughout the project was the manner in which children were sampled
and assigned to test items. Therefore, it was feasible to use a computer
program for this specialized purpose. Given an assignment plan, the
computer printed out a set of labels each showing a child’s name, the
identification number of the item assigned to him, and other identifying
information such as his class, teachers, and school. All of the labels
for items assigned to a particular child were printed out together and
in the (randomized) order in which the items were to be administered.
The names of the children were printed out alphabetically within
classes.

The items themselves were assembled by hand rather than printed
out by the computer. A ditto master was made for each item-form
shell and the necessary number of copies produced. Individual items
were then constructed by filling in the blank spaces in the item-form
shells according to the replacement scheme of the item form. Sampling
from each replacement set was done without the use of a computer.
Instead, either a table of random numbers was consulted or numbered
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counters were drawn, lottery style, from a cup. Typically, the size of
the replacement sets was small enough to make these procedures
efficient.

Items generated from an item-form cell were referred to as replica-
tions from that cell and labelled with consecutive numbers, referred
to as replication numbers. Therefore, each item was uniquely identified
by a sequence of numbers specifying the item form, cell, and replica-
tion. (In practice, replication numbers were assigned successively dur-
ing replacement of the first variable in the item-form shell and pre-
served for all other replacements.) The numbers thus given to the
items themselves could then be matched to the item numbers on the
computer print out labels.

When all of the items specified by the assignment plan had been
generated, the computer print out labels were attached to them and
they were collated into tests for individual children. Working from the
labels, each indicated item was located, and its associated label was
attached. By following the order in which the labels were printed out,
the items were systematically collated into tests for each child, with
items within each test arranged according to the assigned order and
children within each class arranged alphabetically. Finally, the tests
were put together in bundles for each class within each school.

All the necessary test objects must be constructed, too. It is worth-
while starting to assemble these sometime before constructing the
items and, in fact, many were put together at the time when item
domains were being constructed. By making the objects as early as
possible, difficulties in construction or supply could be overcome with-
out delaying test administration. Test objects not attached to individual
items were assembled into a Test Object Kit for each examiner. Re-
usable materials were always put into this kit rather than attached to
the items.

The assembly of the tests and the test object kits was a task assigned
to several part-time undergraduate assistants. Sometimes, the construc-
tion of test objects nceded the personal attention of a member of the
evaluation staff, but for the most part, the procedures were routine
enough to require little outside help or supervision.

In general, the foregoing procedures make up a workable production
system that does not depend heavily upon sophisticated hardware. To
go beyond these procedures will require the development of very
general and flexible computer languages for manipulating verbal and
symbolic materials in item forms.®

Another function in which computer support would be a great help
in the long run is that of indexing, cross-referencing, and storing item

One such language is currently under development at the University of Minne-
sota under the direction of Rod Rosse, Department of Psychological Foundations
of Education.
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forms and performance data. At the time the MINNEMAST Project
terminated, the research and evaluation staff had just begun to grapple
with this. The problems become formidable when one begins to con-
template the long-term development of item-form banks.’

TEST ADMINISTRATION :

Test items for the evaluation of MINNEMAST Units were designed
to be administered individually. Individualized administration of items
was not a necessary component of the general evaluation model and,
had the project proceeded with the development of units for the upper
grades, individual testing might have been to some extent supplanted
by group testing.

Individualized testing necessitated the hiring of several people to
administer the tests. It was important that the examiners appreciate
the necessity of following the item directions as given and not inter-
polate procedures and comments of their own, Therefore, where pos-
sible, people with some training in testing were hired as examiners.
Usually, they were undergraduate students in psychology or education.

It was possible to arrange for a fairly continuous schedule of testing
during the school year. Within any one grade level, different classes
completed a given unit at different times, often a month or more apart.
Similarly, from grade to grade, units were completed at different times
throughout the year. Consequently, examiners could be kept busy -
throughout the year testing units at various grade levels.

Because of the staggering of testing, a large number of examiners
was not needed. Three or four examiners were able {o carry out the
testing of approximately eight units each year with about 400 children
involved in each testing. Training sessions for examiners were held by
members of the evaluation staff to explain the evaluation model and to
describe the general procedures to be followed.

Examiners were advised to spend some time in small talk with the
child before beginning testing, and each test included a sample warm-
up item to ease the child into the test.

The examiner was instructed to sit on the same side of the table as
the child. This served two purposes. Seated next to the child, the
examiner was in a better position to observe his activities. Further, in
this position the child was less able to observe the facial expressions
of the examiner and therefore was less likely to obtain inadvertent cues
about his progress.

_Examiners were instructed not to depart from the exact words of the
items once test administration had begun. If for some reason they
found it necessary to add some comment or question of their own, they

? An excellent operating example of a computer-based item selection, genera-

tion, and printing system is that produced at the Center for the Study of Evaluation,
the System for Objectives Based Evaluation—Reading (Skager, 1971).
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were to record their words on the item so that due allowance could be
made for them later. Questions from the child about the item were
answered by saying simply, “T'll read it again,” and then repeating the
question. The same procedure was adopted if the child failed to
respond within 30 seconds. If the child still failed to respond after an-
other 30 seconds, or when it appeared that he had completed his re-
sponse, the examiner asked, “Shall we go on to the next one?”

Recording of responses was done in as detailed a manner as possible.
Spoken responses were recorded verbatim. Manipulative responses were
recorded by a detailed written description and the use of diagrams.
Written responses were made on sheets of paper which could then be
stapled to the relevant item. The important thing was to epsure that
an outsider could accurately reconstruct the essential features of the
response. The examiner made no judgments about the correctness of
the response.

Sometimes it happened that a child to whom test items were as-
signed was no longer attending the school or was absent during the
whole of the testing. When this occurred, his test was reassigned to
another member of the same class. In reassigning a test, a random
selection was made from those children who had not been assigned
any items. When all children had been assigned tests, selection was
made randomly from those with the fewest items assigned. Since one
or two such absences per class were not infrequent, the reassignment
of tests was important in preserving the sample size.

Training of examiners also included detailed mock administration
of the items. It is important for the examiner to practice with the items
and test objects before testing begins in order to reduce the chances
of inadvertent mistakes in administration. Each day, examiners brought
their completed tests back to the evaluation staff for “de-briefing.”

nick action could then be taken if it turned out that some items were
not being administered correctly. Wrongly administered items were
excluded from the compilations of results.

Another form of supervision of examiners was ocecasional visits to the
sites of testing by 2 member of the evaluation staff. Spot checks on ex-
aminers early in the testing schedule enabled incorrect procedures, such
as rephrasing of scripts and incomplete recording of responses, to be
remedied. By taking trouble early to ensure that an examiner followed
the rules, testing was able to proceed smoothly with a minimum of
operational problems.

On a few occasions, recording methods other than written descrip-
tions (sound or video tape) were used. In general, however, these cre-
ated more problems of data processing than they solved in data collec-
tion.
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INTERPRETING RESULTS OF TESTING

Categorizing Item Responses

Testing produced an enormous quantity of raw data. For a single
MINNEMAST Unit it was usual to administer between 1,000 and
3,000 items. The item responses had to be scored and codified in ways
that preserved the interesting and important facets of the responses
and allowed those facets to be easily seen and understood.

The responses were almost never of a kind which would lend itself
to computer scoring. Instead, scoring was done by hand by members
of the evaluation staff. Since scoring criteria were often not established
in advance of testing, scoring usually required the establishment of
categories of responses for each item-form cell. When possible, a cor-
rect-incorrect dichotomy was established. But often this was insuf-
ficient, and further subcategories were developed on the basis of salient
differences among the responses.

No set procedures were established for presenting data. Each staff
member drew up tables and made statements about them in whatever
way he considered most amenable to the data. Toward the end of the
project, it became usual to present the data both in tables showing
frequencies of various categories of responses and also in complete
item-by-item listings of the actual responses (condensed where neces-
sary to enable them to be reported in this way) arranged according to
the categories shown in the table. This arrangement allowed others to
check the accuracy and suitability of the categorizations (see Appendix
4, Examples 3 and 4).

Statistical Inference

The basic statistic utilized in presenting the test results was a propor-
tion reporting performance on the sample of items from the item-form
cell by the sample of children from the experimental group. This pro-
portion was treated as an estimate of the corresponding parameter of
the cell-group matrix, viz., the expected performance on all items from
that item-form cell by all children in the experimental group. Responses
were scored dichotomously so that the proportion represented correct
or satisfactory responses. Related analyses produced proportions for
subcategories of responses, and these were often reported along with
the proportion of correct or satisfactory responses. Proportions for these
categories of responses were treated in the same way as proportions of
correct responses—as estimates of the corresponding parameters.

The proportions of correct responses for each item-form cell were
usually cast into a table following the characteristics of the cell matrix
of the item form. This table was then examined for patterns that might
be attributed to the dimensions of the matrix. No inferential statistical
tests were applied to these tables; inductions were simply made from
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the data by searching for consistent patterns. For example, in the data
from Appendix 4, Example 1, which appear in Table 2, the consistent
similarity of the proportions across columns shows large effects on
performance related to ranges of numbers and the conjunctions of
order relations, but no effect related to response mode.

Table 2: Proportions of Correct Responses for the Cells of Item
Forms 9.7 and 9.8: Producing Number (x) Satisfying Given
Relations to Specified Numbers (b, and b:}

Response Requirement

1} (2) (3l L] (5}
Rem Response | x> b, | x¢by | Bu¢x<¢h. | Bi<X¢h: | BiCX(D:
Form Form b.>b,4+1 | b.=b,+1 b.¢h,
91 Spoken s | _9 16 1 2
20 10 20 20 20
98 Written 18 | 16 A 0 o
20 10 20 20 20
% 1| =z | 1 | 2
Totals: | 40 20 40 40 40
(90) | (95 (.68} (03) (.05)

This emphasis on analysis in terms of patterns of responses to sets
of items with related stimulus and response characteristics is the most
powerful product of domain-referenced evaluation. Where an objec-
tive is represented by a single item, and students have difficulty answer-
ing it correctly, it is easy to seek explanations for their performance in
incidental or artifactual characteristics of the item. But if the objective
is defined by sets of items with related stimulus and response character-
istics, the functionally effective variables emerge clearly through anal-
ysis of the overall pattern of difficulties. Examples of such pattern
analysis are illustrated in Appendices 4 and 5.

Standards of Performance

Desired standards of performance against which actual performance
could be compared were not established in advance of testing. In gen-
eral, there was little experimental evidence or theoretical rationale to
guide the setting of desired levels of achievement, and staff members
often disagreed, some being content that a few children attain some
objectives and others being dissatisfied if most children did not attain
nearly all objectives. Consequently, proportions were reported and
patterns in the cell matrices examined, but without the application of
any set standards of performance. Instead, the writers were left with
the problem of deciding ex post facto whether they were satisfied with
the results. A more structured rationale for interpreting results, agreed



EVALUATION IN THE MINNEMAST PROJECT 49

upon by all project members, and perhaps periodically debated and
revised, would have been useful.”

Interpreting the Results and Revising the Curriculum

Evaluative reports typically consisted of three sections: at the lowest
level of abstraction was a section showing relative frequencies of spe-
cific responses grouped into apalytical categories within each separate
item-form cell (see Appendix 4, Example 2); at the next level, propor-
tions were reported in such a way as to allow several related item-form
cells to be examined at the same time {see Appendix 4, Examples 1 and
3); and at the highest level a short interpretive summary was pre-
pared, pointing out the main characteristics of the data (see Ap-
pendix 5).

Once the evaluative report had been prepared, discussions were
held with the writers concerning its significance. Typically, a general
staff conference was scheduled to examine and discuss the report.
Appendix 5 illustrates the typical quality and complexity of the data
presentation. It was at the point of revision that the domain-referenced
evaluation activity ran into most severe difficulties. In general, the
data presented in the evaluation reports and discussed in staff meetings
did not stimulate and guide revisions of the units effectively. A body
of theory and a set of procedures to guide revision did not accumulate.
Some very general organizational problems of the MINNEMAST Proj-
ect made it difficult to utilize the data—problems representative of
those encountered in many other large-scale curriculum development
projects. Recommended organizational strategies for future projects,
designed to circumvent some of these problems, are presented in the
next chapter.

A NOTE ON THE COST OF THE ACTIVITY

The cost-benefit of domain-referenced evaluation is of considerable
interest, because even under optimum project organization, the critics
contend that procedures may be so expensive as to be unworkable.
During its peak years, 1967-8 and 1968-9, the MINNEMAST domain-
referenced testing activity involved about one-quarter of the profes-
sional staff. This proportion was estimated by ignoring expenditures
for administrative-clerical staff, artistic-reproduction staff, and trial-
center personnel (all of whom may be thought of as forming a central
core, supporting production and evaluation activities alike) and com-
paring the salaries of writers, editors, and their assistants to the salaries

** This problem is similar to that of interpreting the results of the National Assess-
ment of Fducational Progress (see Stake, 1970). In general there is an interesting
parallel between the goals and strategies of the MINNEMAST domain-referenced

evaluation and the goals and strategies of the National Assessment (c.f. Merwin &
Womer, 1963).
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of psychologists and their assistants. During fiscal 1968, for example,
salaries for the writing staff totaled approximately $188,500 and for the
evaluation staff approximately $54,000. During that year, eight units
were evaluated at a cost of roughly $7,000 per unit,

CONTRIBUTIONS OF THE MINNEMAST PROJECT

In many ways the MINNEMAST project was ahead of its time. It
pioneered basic notions about content, structure, and process in ele-
mentary mathematics and science that have since been incorporated
in curricula throughout the country. It opened the way for strategies
of interdisciplinary development, dissemination, and evaluation, and
produced an important generation of professional educational devel-
opers. Much of this intellectual endeavor may outlast the elementary
curriculum materials themselves that formed the concrete product of
the work, One purpose of this monograph has been to document some
of the results of what was a most exciting, cooperative venture.
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FACTORS THAT INFLUENCE THE EFFECTIVENESS OF
CURRICULUM DEVELOPMENT PROJECTS

In the preceding chapter we noted that some of the organizational
characteristics of the MINNEMAST Project constrained the effective-
ness of its curriculum development and evaluation activities. These
characteristics represent potential problems encountered in virtually
all major curriculum development projects. This chapter discusses some
of these potential problems, not only as they relate to the MINNE-
MAST Project, but also in terms of how they may limit the effective-
ness of curriculum development and evaluation in general. In addition,
recommendations are made concerning how these problems might be
overcome, with direct application to domain-referenced evaluation.

Need for Clear, Cumulative Overall Strategy

Major problems often arise because of the absence of clearly speci-
fied and well-functioning organizational mechanisms for planning and
supervising the overall activities of a project. Ideally, the general
strategy should be cumulative in the sense of making continual progress
toward the achievement of defined goals, each successive step building
on previous accomplishments. In any large project this ideal is difficult
to achieve, because experience constantly suggests changes in both
goals and procedures.

A helpful step toward developing a cumulative strategy, however,
is to preserve good records of issues met and decisions made. A project
archivist should be responsible for maintaining files on issues, pro-
posals, decisions, implementations, revisions, and rationales, cross-in-
dexed and summarized so that when new issues arise they can be
treated in the context of relevant history. These files should contain
everything of relevance to the developmental effort, including, where
possible, staff memoranda and occasional papers, minutes of meetings,
details of decisions taken and reasons for them, designs of instructional
sequences and lessons, and reports on evaluations. These archives may
serve as an adjunct to the library and enhance its general educational
function.

Potential ambiguity can be removed by maintaining a public blue-
print of a project describing its philosophical rationale, the general
operating procedures of the organization, and the general characteristics
of the intended products. As the project proceeds, this document can be
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revised and extended but always kept in the forefront of planning and
review. Revision of the document is occasioned by deliberate decisions
that the goals of the project should be altered. Extension of the docu-
ment involves interpretive explications according to deliberate decision
about meaning and intention. In a sense, the whole effort of the project
is directed at operationalizing the blueprint.

Turnover of Staff

Cumulation of effort may be hampered by turnover of staff, trace-
able to three main frustrations: (1) conflict among staff members arising
from vaguely defined goals and inadequate communication and deci-
sion processes; {2) relative instability of the job; and (3) inadequacy of
the available professional and personal rewards.

The first of these problems is often connected with the lack of clear
overall organizational strategies. People who do not think the organiza-
tion is doing what it should be doing, and who do not believe that
their views have received reascnable consideration, will either attempt
to seize control or, failing that, will leave.

Appointments of committed staff may be unstable because of un-
certainty that funds will be available for each coming year. Faced with
this uncertainty, many staff members who might be disposed to spend
a major proportion of effort on a project might seek advancement in
their careers and stability in their employment elsewhere. One conse-
quence of this can be that many of the key staff work only part-time
on a project, which can compound organizational problems in com-
munication and coordination. A central group of full-time staff in-
vested with responsibilities for leadership and coordination in a project
can produce a much more effective and efficient operation. A long-term
funding arrangement allows at least a few people to commit them-
selves to such a role for an extended period.

Curriculum projects frequently enlist the help of numerous scientists
and mathematicians, These people may initially volunteer their time
and effort as occasional consultants, summer writing-session partici-
pants, part-time staff members, etc. But scientists and mathematicians
who contribute this kind of time and effort run the danger of losing
their professional status and orientation, since the more time they spend
away from their own direct, professional pursuits, the less likely they
are to stay abreast of their field. The point is not just that subject-
matter experts who throw themselves into the effort of curriculum re-
form may lose out professionally, but that many of them fail to make
themselves available at all for fear of falling behind. There are two
basic issues: (1) curriculum writers are usually not given the kinds of
rewards considered satisfactory by the professional scientist or mathe-
matician; that is, they are rewarded not for behaving as scientists and
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mathematicians, but as somebody else whose activities are essentially
unscientific and non-empirical; and (2) being a curriculum writer in
any case involves learning new skills which are not those of the re-
search scientist and mathematician.

One suggested way of overcoming this problem is to involve not the
advanced level expert, but his students. At first sight this seems an
attractive proposition. Graduate students should understand the basics
of their field as well as their professors, may perhaps be more flexible
than their professors concerning problems of instructional design and,
moreover, cost less to employ. But the same serious flaws remain.
Graduate students have presumably embarked on a career in their
chosen field, just as their professors. For a graduate student to take
time out to study the issues of curriculum design can be threatening to
his career, also. The same pressures are likely to build up for him to
change his career plans or to be content with second-rate professional
status.

For a curriculum development project, an alternative approach to
this problem might be to use subject-matter experts not as writers but
as informants; people whose behavior is studied by educators and edu-
cational psychologists. Detailed and systematic study of the behavior
of scientists could yield the information necessary to set up domains
of behavior to represent the objectives of instruction and to suggest
effective teaching techniques. By sampling from pools of available ex-
perts, the demands on any one of them could be kept small.

Drag Exerted by Production on Evaluation and Revision

There are other problems of organizational strategy which may seri-
ously affect the evaluative effort. For example, evaluation may be con-
ceived on a grand scale, as was the case in the MINNEMAST Project,
and encompass large numbers of students in classrooms all over the
country. In a sense, then, implementation of a curriculum in these
classrooms has less to do with evaluation than dissemination, And in
that sense, the curriculum may be largely prejudged to be worthy of
implementation on a large scale. Evaluation under these circumstances
is bound to be relegated to a summative rather than a formative role
in an organization.

This conception of evaluation is not only peripheral to the develop-
ment of the curriculum, but is also a relatively static activity. That is,
it may encompass such long time periods and involve materials upon
which such large expenditures of time, effort, and money have been
made, that there is relatively little opportunity for it to influence the
production process. At most, this evaluation only serves judgment on
what has been done. It does not have the characteristics of a “servo-
mechanism.” For that, a smaller, more easily controlled, more frequently
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applied evaluative effort is needed, and it needs to be linked closely
with the developmental effort itself. In short, the evaluation of the
curriculum should be central and dynamic rather than peripheral and
static. This may seem a bit like putting the cart before the horse, forc-
ing development to fit an evaluation model. But in another sense, what
is being argued is the need for an integrated developmental and eval-
uative effort, since evaluation ought to be the means for monitoring
the developmental effort and adjusting it continually to keep the proj-
ect on course toward its goal.

Production schedules present another strategic problem. A project
may encounter severe problems in meeting deadlines imposed by the
effort to keep schools supplied with a new curriculum. As part of the
production schedule, considerable effort must be spent in preparing,
shipping, and handling materials. As a consequence of the constraints
set by the production schedules, rapid trial, feedback, and change may
be difficult to bring about. For example, the total turnaround time of
development, trial, evaluation, and revision of a unit for the MINNE-
MAST Project was about two years. The drag that dissemination often
exerts on the production process, however, may be alleviated if the
two tasks are separated.

An alternative strategy might be to concentrate the efforts of a project
on a small part of the curriculum and carry on the rest of the instruc-
tion by “conventional” means and thus remove the pressure of time
schedules that require a specified output within a specific time period.
However, this requires a longer time perspective on production out-
put, an insistence on proceeding experimentally and incrementally,
and a suspension of judgment about the curriculum until pertinent
evidence is available. The effect of working on just one part of the
curriculum at a time is to concentrate the effort intensively on the
solution of basic issues—of objectives, of teaching strategy, and of
evaluation—so that they can be tackled systematically. In this alter-
native approach, large-scale dissemination is viewed as a process de-
manding attention only after a sizable piece of the final product has
been developed to a point of satisfactory application.

Empirical vs. Artistic Approaches to Teaching

Underlying the strategic problems of development and evaluation
is, of course, a philosophical problem. Curricutum writers often espouse
an experimental approach to teaching in which the objectives of teach-
ing are expressed in terms such as “exposure” and “give a feel for.”
Emphasis may be placed on what the teacher is to perform and not on
what the child is to learn. Writers may balk at requests to think care-
fully and systematically about learning outcomes of the instruction.
Yet, such requests may frequently be made by evaluators in order to
arrive at domains of behavior representing the objectives of the cur-
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riculum. Whereas writers insist on the primacy of the instruction (what
you arrange for the child to do), the evaluators insist on the primacy
of the objectives (what you hope the child will know as a result of the
instruction).

Essentially, this conflict is one between an empirical and an artistic
approach to teaching. The empirical approach emphasizes the impor-
tance of documenting instructional issues and examining them em-
pirically. Such an approach leads logically both to domain-referenced
testing and to organizational strategies which emphasize experimen-
tation and revision. The artistic approach de-emphasizes testing in any
form and emphasizes strategies for production and dissemination of
materials that are judged to be important or exciting on subjective or
logical grounds.

Those who take the empirical approach tend to argue that curriculum
development is an open-ended process of continual trial and improve-
ment, and emphasize formative evaluation. Those who take the artistic
approach tend to think of it in terms of writing projects with clear be-
ginnings and ends and think of evaluation mainly in the summative
sense. A practical educational venture may be organized along exclu-
sively artistic or exclusively empirical lines, or it may strive to maintain
a balance between the two approaches. It is of the greatest importance
that funding agencies and development organizations approach the
problem of achieving a satisfactory balance directly and self-con-
sciously in the future.

Loose Connection Between Written Curriculum and
Classroom Activities

A potential difficulty may arise if the connection between the written
curriculum and the classroom activities of the teacher is a weak one.
From the empirical viewpoint an ideal curriculum should give un-
equivocal directions as to how to make certain things happen in a
classroom, given that those things are known from experimentation to
lead to specified learning outcomes. The written curriculum thus turns
out to be a report of procedures that have actually been tried out.
This implies close initial cooperation between writers and teachers
in a laboratory-classroom setting. Separation of the two may create
a barrier to initial tryout and evaluation of content and method. Writers
may not hold themselves closely accountable for the leaming of any
specific group of children and teachers may not hold themselves ac-
countable for the implementation of the curriculum according to the
specifications of the writers.

AN ALTERNATIVE STRATEGY OF CURRICULUM
DEVELOPMENT
Much of the discussion so far has focused on some of the problems
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that may prevent the techniques of the domain-referenced evaluation
from contributing significantly to the development of curriculum. Some
suggestions have been made for modification that would permit these
techniques to contribute to more efficient formative evaluation. In the
final analysis, however, what may be needed is not an overhaul but
an entirely different strategy for curriculum development. The dis-
cussion that follows proposes some general characteristics of an alter-
native strategy based on a thorough-going empirical approach. The
advantage of a basically empirical approach is that it can be opened
up to leave room for artistic production but, as we have seen, an ap-
proach primarily guided by large-scale artistic production is very hard
to modify so as to incorporate systematic utilization of empirical data.

The proposed strategy is applicable to curriculum development in
any area (or combination of areas) in the sciences, arts, or humanities.
Following the case-history theme of this monograph, however, the
reference will continue to be to curriculum development in mathematics
and science.

Focus on Specific School Systems

Projects should be administratively based in school systems, not in
universities or research-and-development agencies that then establish
transitory relationships with a variety of schools. Two important con-
sequences follow from anchoring curriculum development in a specific
group of schools. First, a real community of consumers is established,
with development of the curriculum implying its actual, long-range
implementation by that community. The developer is not permitted to
avoid specific problems by appealing to some more abstract target
population located elsewhere, Second, a direct connection may be es-
tablished between curriculum development and teaching, allowing
curriculum developers and teachers to closely coordinate their activities
and to make it possible for both to be held accountable for the results.

Direction by R and D Specialists, Not Subject-Matter Experts

Some of the difficulties stemming from direction by subject-matter
experts have already been discussed. Taking on such activities threatens
the careers of those who do so by cutting the time they devote to their
normal professional activities. Furthermore, subject-matter experts typi-
cally experience considerable difficulty in approaching the design of
curriculum within an experimental, scientific framework. A better or-
ganizational scheme would allow the experts to continue their profes-
sional activities while serving as advisers and informants to projects
directed by social scientists and educators.
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Frovision for Systematic Definition and Refinement of Domain-
Referenced Objectives

The task of generating domains should be performed by teams of
psychologists trained in procedures for extracting them frem the reper-
toires of experts. There are three distinct components to this task.
First, there should be a systematic method for locating and sampling
a broad range of experts (mmathematicians, physicists, biologists, etc.)
to act as informants whose behavior may be analyzed. Second, there
should be a method for having these same experts criticize and guide
the selection of portions of the resulting domains as goals for the cur-
riculum. Third, there should be a method for having them suggest and
criticize alternative possible teaching sequences and procedures and
observe them in operation.

Another group of experts, also, ought to make a direct contribution
to the selection of goals. They are the sociologists, social psychologists,
economists, philosophers, and other futurists concerned with educational
policy. These are important resource personnel for discussions concern-
ing the anticipated consequences of selecting certain kinds of goals and
of emphasizing one set rather than another. The expertise of these
persons could be drawn on in the same way as for the mathematicians
and scientists—by sampling systematically from the available pool of
talent in a kind of jury duty to education.

Finally, members of the community served by the school (students,
parents, and representatives of community interest groups) should be
engaged in the selection of goals and the placing of priorities, Proce-
dures for achieving this in a practical and effective way are one of the
toughest current problems in American educational policy. School-based
curricutlum development might be set up to approach this communica-
tion problem directly and intensively.”

The specification of objectives in the form of behavioral domains is
not, of course, a once-and-for-all process. Objectives continually evolve
in the light of new information about the society, the subject matter,
and the process of human learning. This would require continued, sys-
tematic sampling from the pool of social planners and community
representatives for regular feedback about general objectives, sys-
tematic sampling from the pool of subject-matter experts for feedback
about speeific objectives, and continued assessment of the validity of
the domains through experimentation and naturalistic observation of
students.

** Techniques for engaging the community in selecting goals and establishing
priorities have been developed and field tested by the Center for the Study of
Evaluations. See Klein, 8. P. Burry, ., Churchman, D., & Nadeau, M., 1971;
Klein, 8. P., Burry, ]., & Churchman, D., 1972; Hoepfner, R., Bradley, P. A., Klein,
S. P., & Alkin, M. C., 1973.
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Local Assessment to Provide Performance Baselines

Development should proceed in the context of a baseline inventory
of the performance of current students. The purpose of this inventory
is to find out what portions of the specified behaviorial domains are
already being established in the repertoires of the children in the ex-
perimental group by current experience and instruction. (This may be
viewed as a kind of local counterpart to a national assessment.)

With a description of what the children are currently learning and
a description of what it is considered desirable for them to learn (both
stated in terms of behavioral repertoires), priorities may be established
for altering parts of the instructional program.

Experimental Design of Instruction

The design of teaching strategies should proceed empirically. Teach-
ing strategies ought to be treated as hypotheses whose acceptance or re-
jection is to be made on the basis of empirical investigation. Conse-
quently, the roles of teacher and curriculum developer should be tightly
linked together. If the roles of developer and teacher are separated,
the developer may have difficulty persuading the teacher to follow his
instructions or, worse still, may become so remote from the classroom
situation that his instructions are unnecessarily awkward or unrealistic.
Developers ought to teach, and teachers ought to design teaching
strategies. Little formal consideration has been given to the formation,
training, and motivation of teacher-developer teams. Careful organiza-
tion at this level is crucial.”

Teacher-developer teams should initially work with small groups of
children selected from the larger school population on the basis of pre-
requisite skills and abilities related to the goals of a chosen unit of
instruction. Once a pilot unit of instruction has been designed, it
should be tested in one or more replications conducted by other expert
teacher-developer teams on other similar groups of students. The most
important requirement of these pilot replications is rapid feedback
on effects so that modifications both in the teaching strategy and in the
directions used to communicate it to the other teams can be made
quickly and a new trial made by a new team on another group of chil-
dren. When refinement of the unit has reached a plateau through this
system of expert replication, it might then be implemented on a wider
scale within the total school system.

The curriculum units that result from this sort of development
effort would be directions to teachers for carrying out relatively short

= The term teacher ought to refer, in this context, to anyone who has the respon-
sibility for arranging the conditions under which learning actually takes place, not
only the classroom teacher as traditionally conceived, but also parents  students,
and other members of the community whoe may be called on to play teaching roles,
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sequences of instruction. These directions would be descriptions of ac-
tivities performed with success by at least one group of people who
did not themselves initially develop the unit. As the instruction is suc-
cessively carried out by more and more groups, the inventory of con-
ditions under which it works successfully (and the prerequisite skills
of the teachers using it) may be enlarged.

As the units are distributed on a successively wider scale, their usabil-
ity by various groups of teachers may be systematically studied. The
interaction of this kind of curriculum development with programs of
teacher training, selection, and evaluation is an important area of study.
Optimum curriculum development ought to be embedded in the con-
text of a more general teacher-training and evaluation program.

Fracticability

Perhaps the strongest criticism of the above strategy will be that
no school system could carry it out. For the field of mathematics and
science alone the technical resources and expert consultation required
just to establish and maintain a viable domain-referenced objectives
barik would be formidable. If other major areas of the curriculum were
also included the task would obviously become impossible without ex-
tensive outside support. At best there could exist only a few such R and
D systerns, heavily supported by outside funds. Would they be worth
establishing?

The notion of a vigorous education community, continuously and
carefully assessing its needs and pursuing ways to fulfill them, is a
classical and appealing one (c.f. Tyler, 1942; Chase, 1971). An attempt
to maintain a few working examples, utilizing the most advanced plan-
ning, development, evaluation, and communications techniques avail-
able in the current state of the art, might be worthwhile for several
reasons: {1) It might provide a counterbalance to the currently prevail-
ing view in which the posture of school systems toward development
is seen as largely defensive, with changes in curriculum and adminis-
trative organization being imported from outside in response to pres-
sures from a chaotic variety of sources, rather than being sought out
as components of an internally directed, continuous program.” (2) It
might provide the stimulus for discovery of more effective planning,
evaluation, and communications technologies. The techniques of do-
main-referenced testing may provide an important core of what is
needed. To supplement them we particularly need a communications
technology to provide convenient and effective procedures through
which members of an educational community may select domains to
serve as goals for individuals or groups and set priorities for develop-

 See Brickell {1969) for an account of problems of assessing the effects of innova-
tion in schools that exemplifies this largeqy defensive position.
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ment of strategies to achieve them. (3) It would provide the oppor-
tunity to study problems of research and development for whole sys-
tems as well as for development and dissemination of discrete pro-
grams or products, thereby possibly clarifying the interrelationships
between the two."

Could the proposed strategy be initiated, even with substantial
outside funding? The necessary technological skill could probably be
assembled, and favorably disposed try-out communities might be found.
The recent press for evaluation and cost-effectiveness accounting of
educational programs has redirected attention to problems of assessing
the activities of local school systems in detail over extended periods
of time (cf. Alkin, 1968). In the context of such local evaluation pro-
grams, together with the related pressure for performance-based
teacher evaluation (McNeil, 1971; Popham, 1971b), certain school sys-
tems, perhaps working in conjunction with certain regional educational
laboratories, may be more ready and able to carry out an internal
program of research and development than would have been the case
ten years ago when projects like MINNEMAST were first being sup-
ported.

Local political pressures and the network of forces that tie the
typical urban school system to problems well beyond its control seem
likely to undercut the proposed strategy no matter how skiliful the
managers. Perhaps the main problem has to do with finding ways to
form more functional educational communities: communities of man-
ageable size, linked together by certain cores of common values that
could provide the basis for effective action. Perhaps in the current
movement toward educational! diversity, exemplified by such things
as education vouchers (Center for the Study of Public Policy, 1970),
ways of forming such communities may be worked out. Trying to
change school systems without encouraging them to take special forms
to serve the needs of special constituencies is somewhat like trying to
change industrial production without allowing new corporations to be
established. i and when the barriers are let down, new technologies
for defining and communicating educational objectives may provide
means to form these more functional educational communities.

Compromises between the internal and external models for educa-
tional research and development are obviously possible. Outside re-
search and development organizations may berrow children and
teachers from school systems for experimental purposes, under motiva-
tional conditions which may closely approximate those of idealized
internal development. Qutside agencies may provide access to item-
form banks, assessment services, and communications schemes for

% ¢f. Hemphill (1969); Schutz (1970) for discussions of programs and product
development.
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schools to help them select and adapt programs (c.f. Popham, 1971c). But
in any event the model of dynamic, internal development emphasizing
the feed-back process by which a specific community steers its educa-
tional wagon train (Platt, 1970) ought not to be forgotten in the current
focus on product development and dissemination.

And above the network of personal reward that produces coopera-
tive educational development, our community must keep in focus the
children. What do they know? What are they doing? What will they
need to know and do in order to survive in the changing world to come?



APPENDIX 1: List of Final Units of MINNEMAST

62 Curriculum

Grade Grade

Level Unit Number and Title Level Unit Number and Title
K 1. Watching and Wondering 2 15. Investigating Systems

K
K

K
K
K
X
1
1
1
1

2. Curves and Shapes

3. Describing and
Classifying

4. Using Our Senses

5. Introducing Measurement

6. Numeration

7. Introducing Symmetry

8. Observing Properties

9. Numbers and Counting
10. Describing Locations
11, Introducing Addition
and Subtraction
12. Measuring With
Reference Units
13. Interpretations of
Addition and Subtraction
14. Exploring Symmetrical
Patterns

2
2

LW NN NN

16. Numbers and Measuring
17. Introducing Muitiplication
and Division

18. Scaling and Representation
19. Comparing Changes

20. Using Large Numbers

21. Angles and Space

232, Parts and Pieces

23. Conditions Affecting Life
24. Change and Calculations
25. Muliplication and Motion
26. What Are Things

Made Of?

27. Numbers and Their
Properties

28. Mapping and Globe

29. Natural Systems
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a. Texts and Supplementary Materials

Douglis, A. Ideas in Mathematics. Philadelphia: Saunders, 1970,

Humphreys, A. H., Hindrichs, G. B, & Dadesch, R, R. A methods manual
for teaching science in elementary schools. (Trial Version.) Minneapolis:
University of Minnesota, 1964

Humphreys, A. H., & Post, T. R. MINNEMAST recommendations for sci-
ence and mathematics in the intermediate grades. Minneapolis: Univer-
sity of Minnesota, 1970.

Jones, T. B., & Ross, D. Adventures in science and mathematics. Minne-
apolis: University of Minnesota, 1970.

Rosenbloom, P. C. Adventures with numbers. Reading, Massachusetts: Ad-
dison-Weslev, 1958,

Rosenbloom, P. C. Teachers manual for adventures with numbers. Read-
ing, Massachusetts: Addison-Wesley, 1938,

Subarskv, Z., Reed, E. W,, Landin, E. R., & Klaits B. G Living things in
field and classroom. {2nd ed.) Minneapolis: University of Minnesota,
1969.

b. Published Articles

Ahrens, R. B. MINNEMAST—The coordinated science and mathematics
program. Science and Children, 1965, 2, 16-18.

Bray, E. C. The MINNEMAST elementarv mathematics-science program.
The Physics Teacher, 1968, 6, 201-206.

Cohn, A, New math—Learning by first hand experience. Minnesota Jour-
nal of Education, November 1963, 12-13.

Cohn, A, MINNEMAST. Geology Teacher's Newsletter, 1964, 1(1), 7.

Cohn, A. Project MINNEMAST. The Minnesotan, November 1964, 3.

Cohn, A. Project MINNEMAST, Alumni News, University of Minnesota,
February 1965, 11-13.

Cohn, A. What's new, math? Twin Citian, August 1966, 55-59.

Karplus, R. MINNEMAST science writing conference—Summer 1963.
Minnesota Journal of Science, 1963, 7, 10-16.

Maxwell, C. Some notes and comments on Minnesota mathematics and
science teaching project. Australian Mathematics Teacher, 1969, 25(1),
1-9.

Post, T. R. A mathematical svstem, Journal of Indiana Council of Teach-
ers of Mathematics, Spring, 1966.

Reed, E. Instant greenhouse. Turtox News, 1966, 44, 230-231.

Reed, E. Let's clean up the language. Science and Children, 1968, 5(3),
23-24.

Reed, E., & Thrig, E. A. Common plants useful for classrooms. Plant Sci-
ence Bulletin, 1968, 142, 2-6.

Rising, G. R, Recommendations for the preparation of elementary teach-
ers in science. Science Education, 1965, 49, 359-362.

Rising, G. R. Research and development in mathematics and science edu-
cation at the Minnesota school mathematics and science center and the
Minnesota national laboratory. School Science and Mathematics, 1965,
65,811-814.

Rosenbloom, P. C. Experimentation in 7th and 8th grade mathematics.
Minnesota Journal of Science, 1958, 11(2), 23-26.
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Rosenbloom, P. C. Creativity in mathematics, In E. P. Torrance (Ed.), Cre-
ative proceedings of 2nd Minnesota conference on gifted children, Min-
neapolis: University of Minnesota Press, 1959, 108-112.

Rosenbloom, P. C. Implications for the colleges of the new school programs.
Mathematical Monthly, 69, 255-259.

Rosenbloom, P. C. A leap ahead in school mathematics. In Science and
mathematics: Countdown for elementary schools. Frontiers of Science
Foundations of Oklahoma, Inc., 1960,

Rosenbloom, P. C. What is coming in elementary mathematics? Educational
Leadership, 1960, 18, 98-100,

Rosenbloom, P, C. Large-scale experimentation with mathematics cur-
riculum. In Collier, R. O., & Elam, §. M., (Eds.), Research design and
analysis: Second annual Phi Delta Kappa symposium on educational re-
search. Bloomington: Phi Delta Kappa, 1961, 11-43.

Rosenbloom, P. C. Science instruction in high schools. Congressional Rec-
ord, 1961, 107(38).

Rosenbloom, P. C, The breath of school children, The Jewish Times, 1961,
1(9), 5.

Rosenbloom, P. C. National conference on curriculum experimentation.
School and Society, 1961, 89, 436—437.

Rosenbloom, P. C. Review of the child’s conception of geometry by Jean
Piaget, Hervard Educational Review, 1962, 32, 136-141.

Rosenbloom, P. C. Mathematics K~14. Educational Leadership, 1962,
19(6), 359-363.

Rosenbloom, P. C. Applied mathematics: What is needed in research and
education. SIAM Review, 1962, 4(4), 297-320.

Rosenbloom, P.C. Dilemma in mathematics. Minnesota Journal of Educa-
tion, 1962, 43, 7-8.

Rosenbloom, P, C. Minnemath science project. Science Education News,
AAAS Misc. Pub. 62-14, December 1962, 13-14.

Rosenbloom, P. C. The Minnesota mathematics and science teaching proj-
ect. Journal of Research in Science Teaching, 1963, 1, 276-280.

Rosenbloom, P. C., & Hillestad, P. C. National conference on curriculum
experimentation, University of Minnesota 1961. New York: McGraw-
Hill, 1964.

Subarsky, Z. Seminar on marine biology. The American Biology Teacher,
January 1966.

Subarsky, Z. Communication——A goal of elementary science teaching. Sci-
ence and Children, 1966, 3, 18-19.

Subarsky, Z. First-grade chemistry. Science and Children, 1966, 4, 5-7.

Subarsky, Z. Differential heating apparatus—A model of sea and land. Sci-
ence and Children, 1967, 4, 4. .

Subarsky, Z. Apparatus for land-water temperature study. Science and
Children, 1967, 4, 4.

Subarsky, Z. Apparatus for wind system demonstration. Science and Chil-
dren, 1967, 5,7,

Subarsky, Z. The systems concept in science. The Instructor, January 1968,

Subarsky, Z. An outline for presenting a unit on genetics. Croft Educa-
tional Services Science/Senior High School Edition, Fall 1968.

Subarsky, Z. Curriculum construction for K~6 science and math—A strat-
egy. Science and Children, 1968, 6, 15-17.

Victor, L. Systems: An organizing principle for science curricula. Science
and Children, 1968, 5, 17-20.

Wemtz, J. H. A style of understanding. Nature and Science, 1967, 412).



MINNEMAST TEXTS, ARTICLES AND REPORTS 65

c. Research Reports

Gottfried, N. The relationship between concepts of conservation of length
and number. Journal of Genetic Psychology, 1968, 114, 85-91.

Johnson, P. E. A note on methods of indexing associative relatedness. Be-
havior Research Methods and Instrumentation, March 1969,

Johnson, P. E. On the communication of concepts in science. Journal of
Educational Psychology, 1969, 60(1), 32-40.

Johnson, P. E. Some aspects of the psychology of written instruction. In
E. Z. Rothkopt (Ed.), Verbal learning research and the technology of
twritten instruction. Chicago: Rand McNally, 1968.

Jehnson, P, E., & Murray, F. Some relevant and irrelevant transformations
for children’s concept of weight. Paper presented at the annual meeting
of the American Educational Research Association, Chicago, February,
1968.

Murray, F. Reversibility training in the acquisition of length conservation.
Journal of Educational Psychology, 1968, 59(2), 82-87.

Murray, F. Operational conservation of illusion-distorted length. British
Journal of Educational Psychology, 1968, 38, 189-193.

Murray, F. Phenomenal-real discrimination and the conservation of illu-
sion-distorted length. Canadian Journal of Psychology, 1968, 22(2), 114
121.

Victor, L. The development of modern space-time concepts in the ele-
mentary schools. Journal of Research in Science Teaching, 1969, 6(1),
36—41.

Victor, L. Conceptual schemes of science: A call for research. Science Ed-
ucation, 1969, 53(4), 335-339.



APPENDIX 3: Examples of Item Forms Developed by Members
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Item Form

2.2

3.6

3.15
9.7

9.8

16.14

17.8

23.10

26.2

Title
Producing examples of simple and non-simple, open and closed
curves.
Using a comparison or “contral” set to detect changes in a cor-
responding set.
Comparing TNuInerosity of sets b_v one-to-one correspondence.
Producing a number satisfying a given relation to specified num-
ber(s) (spoken form).
Producing a number satisfying a given relation to specified num-
ber(s} (written form).
Comparing two objects on equal-arm balance and choosing sym-
bol to complete statement of the weight relation.
Completing multiplication equation by writing the product of
two factors.
Explaining how to set up an experiment to study moisture ef-
fects on sowbugs and mealworm beetles.
Plotting a single point on a volume-weight graph.
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APPENDIX 4: Examples of Sections of Reports on
76  selected MINNEMAST Units

Example Description

1 Extract from the summary of Results of Testing Unit 9:
Numbers and Counting, Iall 1968,

2 Extract from the Report on Results of Testing Unit 16:
Numbers and Measuring, Feb.-Mar.-Apr. 1969,

3 Extract from the Report on Results of Testing Unit 16:
Numbers and Measuring, Feb.-Mar.-Apr. 1969,

4 Extract from the Report on Results of Testing Unit 23:

Conditions Affecting Life, Spring 1969.

APPENDIX 4, Example 1
Extract from the Summary of Results of Testing Unit 9:
Numbers and Counting, Fall 1968°
Table showing proportions of correct responses for the cells of ITEM
FORMS 9.7 and 9.8: Producing Number (x) satisfying given relation to
specified numbers (b and b.)®* Response Requirement

{n {2 {3} o] (5)

Item Response X5 b e b, ¢x¢h, b, ¢x<b, b, (x<h.
Form Form b.>b,+1 b.=bh,+1 b, b
8.7 Spaoken 18 8 16 1 2
2 10 20 20 20
9.8 Written 18 10 1 0 2
20 i0 20 20 20
% 19 2 1 2
Totals: 40 20 40 40 40
(.90} (.95) (.68) (%)) {.05)

° Prepared by Donald Sension.
¢¢ See Appendix 3 for the complete Item Forms.

AFPPENDIX 4, Example 2
Extract from the Report on Results of Testing Unit 16:
Numbers and Measuring, Feb.-Mar.-Apr. 1969°
Item Form 16.6: Understanding T-Notation .
Description: A three-place numeral was presented in T-notation.
The verbal instruction was:
“Write down the numeral indicated by this T-notation.”
Summary of test Results
Cell 1: Presented i T-T+0T + K=
(where i and k are non-equal digits from the range 1 thru 9.)

Completely satisfactory 3 {12%)
Unsatisfactory

ik 5

i+k 4

other 11

No response
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Cell 2; Presented i T-T + K=
(where i and k are non-equal digits from the range 1 thru 9)
Completely satisfactory (4%)
Unsatisfactory
ik
ki
I+k
other
No response

P

NS o0 o 00

® Prepared by Graham Maxwell.

Cell 3: Presented iT-T+jT+ 0=
(where i and j are non-equal digits from the range 1 thru 9)

Completely satisfactory 4 {16%)
Unsatisfactory

ij 2

i+j 6

other 11
No response 2

Cell 4: Presented iT-T+jT=
(where i and | are non-equal digits from the range 1 thru 9)

Completely satisfactory 1 (4%)
Unsatisfactory
ij 4
i+] 2
(i+)0 3
other 12
No response 3
a5

Cell 5: Presented iT-T +jT +k=
(where i, | and k are non-identical digits from the range 1

thru 9)
Completely satisfactory 1 4%)
Unsatisfactory
1+i+k 3
other 13
No response 3

& |
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Listing of Test Results: Item Form Cell 16.6.1

Class Child Stimulus Response Score™
0 6602897 ST +0T+ 5 205 cs
42 6602925 41T 4+ 0T 4+ 2 402 cs
11 6600262 11IM4+0T7++ 2 102 €S
84 66002687 aTT+0T7T 4 8 96 UN
64 6602943 7TMM+DT + 2 12 UN
68 6602957 ATT 4+ 8T+ 3 43 UN
7 6600349 2M4+ DT+ & 25 UN
69 6600084 sm+o0T+8 38 UN
89 6600075 S5TT+0T7 + 1 6 UN
62 6600869 1ImM4+0T7T+4+ 3 4 UN
30 6600136 8TT+0T+ 4 12 UN
13 6600598 2TM+0T+1 3 UN
7 6500504 S5TM+0T+ 6 16 UN
1 6600866 6TT+06T + 7 10 UN
13 6600162 §TE+0T 4+ B 9 UN
12 6602075 ST+0T4+ 4 42 UN

12 5602874 4Tr 0T+ 8 “fdon't get what you're  UN
- talking ahout.” ERQ. 12

65 6600278 BTT 4+ 0T+ 2 22 UN
62 6600632 ST+ 0T+ 17 15 UN
36 6600503 S5TT+0T 4 38 27 UN
44 6600498 41T+ 0T+ 1 4 UN
28 6600255 TTM+07+ 4 41 UK
83 6600246 BTT 0T+ 2 3 UK
Ly} 6600605 BTF 4+ 0T+ 2 No Response Nk
85 6600222 41T+ 0T 47 No Response NR

®Legend: CS = Completely Satisfactory; UN = Unsatisfactory; NR = No Response.
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Listing of Test Results (cont'd): Item Form Cell 16.6.2

Class Child Stimulus Response Score™
65 6600279 61T + 4 604 Cs
30 6600509 6IT+ 5 1] UN
40 6600493 91T + 4 84 N
3% 6600342 TTE+9 9 UN
37 6600197 91T + 3 93 UN
42 6602914 1M+ 6 16 UN
1 6600619 61T + 7 67 UN
36 6600187 217+ 8 28 UN
28 6600850 21T+ 9 29 UN
62 6600823 4T + 5 54 UN
89 6602957 91T -2 11, “Would | add 9 tens  UN

and 2 tens?”
69 6600078 7T+ 1 8 UN
68 6600077 21T +1 3 UN
13 6602879 41T -+ 3  “Okay that would be 400. UN

Does this T go to the four

and this to the three?”
42 6602927 81T + 1 a0 UN
65 6600627 1M+ 7 1 UN
64 6600243 4T + 7 20 UN
28 6600255 51T + 4 9 UN
12 6602304 31IM+9 100 UN
37 6602906 3ITT+H1 81 UN
47 6602938 ITT+ 6
47 6600586 am+17 "] don't think | can do it” NR
40 6600185 81T 4 4 No Response NR
13 §602883 17+ 4 No Respense NR
63 6602751 5T +9 No Response NR

®Legend: C5 = Completely Satisfactory; UN = Unsatisfactory; NR = No Response.
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Listing of Test Result (cont’d): Jtem Form Cell 16.6.3

Class Child Stimulus Response Score”
1 §502858 GTT 45T+ 0 850 cs
30 6602900 2T+ 917+ 0 290 [
42 6602928 IMT+4140 340 s
1 5600259 9T+ 1T+ 10 810 cs
69 5600083 4T+ 5T+ 0 45 N
64 6600211 IM4+717T+0 37 UN
40 6600205 STT+8T7T+0 14 UN
42 6602922 67T 4+97T4+0 15 UN
62 8600252 6T+ 2T+ 0 B UN
47 6602939 5T+ 5T7T+0 10 UN
62 6600251 STT+-8T7T40 13 UN
36 6600498 S5TT+274+0 7 UN
63 6608254 ST+ 7740 10 UN
40 5600501 TIT+47T+0 101 UN
64 6600280 3IT+11.+0 70 UN
28 8600217 31IM+57T+0 10 10
13 5604004 TIT+ 57+ 0 “You mean copy it?” ERG UN
68 6600098 5IM+67T4+ 60 4 UN
65 6600272 1M+3T7T4+10 1 UN
12 6602865 TIM+47+0 41 UN
63 6600854 gamMm4974 20 180 UN
28 6600872 TIMM46T7T+0 130 UN
7 6600207 11MM4+87T+0 0 UN
36 6600441 2TMM+ 3T+ 0 No Response NR
30 6600437 S5IT+ 8T+ 0 No Response NR

°Legend: CS = Completely Satisfactory; UN = Unsatisfactory; NR = Ne Response.
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Listing of Test Results (cont'd): Item Form Cell 16.6.4

Class Child Stimutus Response Score*
47 6600596 41T+ 97 430 cs
1 6600868 41T+ 971 19 UN
11 6600210 TIT+ 41 14 UN
k1) 6600344 ITM+17T 7 UN
68 6600826 11T+ 6T 16 UN
12 6604003 4TT 4+ 11 5 UN
40 6600205 4TT + 8T 12 UN
37 6600428 ITm+8T 150 UN
40 6602911 11T+ 67T 70 UN
65 6600234 4T+ 3T 70 UN
13 6600162 I+ 8T 3 UN
62 55600285 QI+ 8T 19 UN
63 6600852 BIT +97 28 UN
42 6802919 1m+87 1% UN
12 6602875 STT4+ 71T 42 UN
69 6600078 9T+ 771 " UN
13 6604005 ITM+8T7 “It can't be 79 can it?" UN
30 6600500 ITT+ 6T 1 UN
28 E6D2887 ST+ 6T 36 UN
68 6600093 ST+ 5T 120 UN
63 6602942 aTT+ 9T 1 UN
42 6602326 27T+ 87 38 UN
64 £602945 SIM4+ST “I dor’t get it.” NR
36 5600196 EM+ 771 No Response KR
28 6660227 41T + 2T No Response NR

* Legend: CS = Completely Satisfactory; UN = Unsatisfatcory; NR = No Response.
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Listing of Test Results {(cont’d.). Item Form Cell 16.6.5

Class Child Stimulus Response Score”™
42 6602920 1mM+5T+49 159 cs
42 6602918 STT+6T+1 12 UN
69 6600075 BT+ 27T+ 7 15 UN
47 6602939 6T +1T+ 8 15 UN
63 6660854 81T +2T+ 8 20 UN
47 6600601 3mM4+4T + 1 10 UN
64 6600857 IT1IM4+2T+ 6 35 UN
83 6600860 11T +9T +2 294 UN
65 6500851 1T +6T -+ 5 0 UN
12 6602868 ETT + BT + 2 100 UN
3 6600335 1M+ 5T+ 6 5 UN

68 6602947 BTT + 471 + 9 “What does notation mean?” UN
E: the way it is written here.

40 6600498 4M+3T+ 5 55 UN
28 6600872 T4+ 8T+ 1 150 UN
13 6600594 IM+77T+9 16 UN
13 . 6604004 2M+3T+ 6 9 UN
36 6602903 4TT 4+ 8T + 2 “Is it plus?” 27, UN
37 6600188 9T+ 6T+ 1 “I don't think 1 know how NR
to do that.,”
12 6602866 ST +2T7T+ 17 “| can't get it.” NR
30 5602901 9T+ 5T+ 8 “3 don't Know." NR
64 6600867 2M+7T7T+8 No Response NR
30 6600437 1MM4+57+17 No Response NR
1 6602856 1M+ 8T+ 5 No Response NR
62 6600241 47T 4+ 8T+ 8 No Response NR

®Legend: CS = Completely Satisfactory; UN = Unsatisfactory; NR = No Response.
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APPENDIX 4, Example 3
Extract from the Report on Results of Testing Unit 16:
Numbers and Measuring, Feb.—Mar.~Apr., 1969*

Item Form 16.11: Addition and Substraction of Half Values
Description: A sheet of notepaper displaying an incomplete number sentence

was presented together with
nothing else |
a number line | °
“Complete this number sentence.”
Summary of Correct Responses
With Without
Cells 1-16 Number Number Total
Line Line
a-+bi{where a and b are drawn from
the integers 1 through 9) e.g. B 2 17
i+2 8 10 18 94%)
a+b (where 2=1; b=j 4 1%, with
| and j drawn from the inte- 3 6
gers 1 through 9) e, [] 18 (33%)
3+2%
a+tbiwhere a=i-+ V2; h=], with
i and j drawn from the inte- 3 4 i
gers 1 through 9) e.g., 12 7 19 (37%)
3+ 2
a+biwhere a=1-+%; b=j+1,
with i 1mihi dra‘\zn 9I;'rum the inte- 3 3 6
gers rou, eg. 10 18 (33
I+ 21 8 3%
® Prepared by Graham Maxwell.
With Without
Number Number Total
Line Line
s-biwhere s=a-+ b withaand b 7 6 13
drawn from the integers 1 - - -
through 9) e.g. 5-2 8 8 16 (81%)
s-b (where s=a -+ b, and a=i;
}l=] ;}'; Va, with i ant'l|j drﬁvg; 2 1 3
rom the integers 1 througl 10 5 18 (189
e 52V 10 9 19 (16%)
sbiwheres=a—+ hand a=i+ Yo,
b =j, with i and | drawn from 2 3 5
the integers 1 through 9) 5 10 16 31%
e.g 52
s-b (where s—a+b,and a=i+ 13,
b=j+ Va2, with i and j drawn 3 1 4
from the integers 1 thraugh 9) T 0 18 22%)
eg. 6-212 _
31 30

9 73
(45%) 41%)
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APPENDIX 4, Example 4
Extract from the Report on Results of Testing Unit 23:
Conditions Affecting Life, Spring 1969°
Item Form 23.10: Explaining how to study effects of moisture on sowbugs or
mealworm beetle.®*

Cell 1: Categorized Responses (Selected) _

Category 1: The responses in this category were the most complete
descriptions of how to set up the experiment. All responses mentioned
setting up of different conditions of moisture (wet and dry}.

“Well I'd take these two and put them in here (picks up blotting paper)
then T'd take this and fill it with water (points to petri dish) on one side
and let other side dry and see what side mealworm would like best. Then
I'd put the lid on and see little air bubbles would come up then the
sow bug or mealworm would pop bubble so that they could breathe.”

(S says nothing.) (Places blotters in petri dish with space between, Uses
eye dropper to put water on 1 piece of blotting paper—carefully wets
entire piece. Then places tape on the bottom of dry paper and tapes it to
petri dish.)

“Should I set it up?” (Then S puts blotting paper in dish.) “We'd put meal-
worm in here.” (dish) {closes it) (takes eye dropper) “Put water in here
(dish) then close the lid—then put the tape over it because otherwise
some of the moisture would get out and see how they would react to the
moisture on this little container.”

Category 2: The responses in this category may have been just as
adequate as those in Category 1, but the child’s verbalizations were vague.
“We could put these in here (blotting paper in petri dish) put a drop of
water in here” (Points to blotting paper and then put a cover over it.)

“You could put these in here (puts blotting paper separated in the petri
dish) then you could put a sowbug in here and see where he goes. Then
you could water on here.” (Points to left half of petri dish.)

“Take a beetle and put it in here (points to dish) and then pour some water
in then put two pieces of paper in then put the beetle and see what he
does and see if the paper gets wet.”

Category 3: The responses in this category constituted incomplete
descriptions of how to set up the experiment. None of these responses al-
luded to setting up contrasting moisture conditions—wet, dry.

“I can’t remember how you do that.” (S tries to put paper on outside of
dish—opens dish—closes it—turns cover upside down—places paper in—
takes it out closes it—lays paper on top again only one half.} “Suppose to
put a mealworm in there (points to dish} and a piece of paper there (points
to top of cover). Don’t know how to do it cause we did it—we didn’t
even need the tape or scissors.”

* Prepared by Bruce Mussell.
#® See Appendix 3 for the complete item form.
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“You could dunk those two papers in here (water) then put it in here (dish)
then put a mealworm on them.”

“Put these together.” (Points to all materials) (How would you put them
together?) Put these (blotters) inside dis ."

Category 4: The responses in this category referred to some experiment
which did not test the effect of moisture on insects,
“Put some mealworm beetles and maybe put some ice in and see if they
hibernate or sleep or put cold water in it.”

“We can put a sowbug or beetle in here (points to petri dish) then we
would put bug in here (points to petri dish) like water cold or warm. I
don’t know any more.”

“We could put them in a cup and put cover on top—that's wrong, take
cups like those ones there and £ one with water and put the other on top,
then put one of those blue things on top to see how much humidity.”
(Cups S points to were those making up piece of nature)

Category 5: No Response

Cell 2: Categorized Responses

Category 1: The responses in this category were the most complete
descriptions of how to set up the experiment. All responses mentioned
setting up different conditions of moisture (wet and dry).

(RQ) “Put some water on one piece of cloth, and not on the other, then
see which one would go on the dry one or the wet one.” (No actons.)

Places cloth in container and then removes one piece and dips it entirely
into the water then she placed it in plastic container but was not satisfied
that it was wet enough, so she redipped it in water and placed it in the
plastic container again—leaving a space between pieces of cloth very
carefully.

(RQ) “I'm not quite sure, You could put these materials into this plastic
thing—then pour a little water, not too much on one side, and see which
side they stay on, the wet side or the dry side. You could use the tape
to tape it in.”

Category 2: The responses in this category may have been just as ade-
quate as those in Category 1, but the child’s verbalizations were vague.

“Put a little water on that piece of material. Then put the piece of material
on the cover, and see if the mealworm will go off the piece of material.”

“Put these down on here . . . sprinkle water on one side, leave the other
half dry . .. put the bugs in it.” (Points to cloth to put in tray.)

“Take glue or something and put cloth in water and put beetle on and see
how he reacts to it.” (Student puts cloth in water and places on tray while
talking.)

Category 3: The responses in this category constituted incomplete de-
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scriptions of how to set up the experiment. None of these responses alluded
to setting up contrasting moisture conditions—wet, dry.

“Hum, well if we put a sowbug or something, we could put it in water
to see if he would like it or something,” {No actions.)

(RQ “Yes put water on one side of tray with cloth in it and—TI don’t know
what else to do.” {A bit puzzled by question.)

“We could put water in what you've got the dirt in now (she was look-
ing at piece of nature on materials tables to my right) and put a sowbug
in it and see what he does.”

Category 4: The responses in this category referred to some experiment
which did not test the effect of moisture on insects.

“I don’t really know about this. You get a mealworm and you get a sowbug
and you get some water and put them in it and see which one lasts the
longest.”

(RQ) “Well you'd dig a hole and put the beetle in the hole and see if he'd
stay in there or get out.”

{RQ)} “By fresh air or bad air, or you could try no air.”

Category 5: No Response

Data Summary (showing number and percentage of responses in the chosen

categories):
Cetl
Category 1 2
1 15 (50%) | 11 (371%)

5 (17%) 4 (13%)

2

3 3 [10%) 7 (24%)
4 6 {20%) 4 (13%}
] 11(3%) 4 (13%)
Total 0 3o
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Summary of the Results of Testing Unit 16—
Numbers and Measuring (Feb.—Mar.—Apr. 1968}"

This summary is an attempt to present in capsule form some of the most
important features of the results of the evaluation of Unit 16—Numbers
and Measuring. It is not intended to be read without reference to the larger
and more detailed analysis of the results forming section 1 of the total re-
port. However, it should provide the reader with an overview of the results
and a means for discovering what aspects of the more complete analysis he
may wish to explore further. In addition, it will raise questions of the sig-
nificance of the results, especially in relation to the general aims of the unit
and of the whole MINNEMAST Curriculum, so that further discussion of
the implications of these results may be encouraged. The treatment moves
generally through the item forms in numerical order. It is hoped that this
procedure will facilitate reference to section 1 of the report,

The test required the administration of 2743 test items to a total of 396
Grade 2 children from 16 classes in 5 MINNEMAST schools in the Twin
Cities area. All children in this experimental population had been taught
the relevant MINNEMAST Unit (16—Numbers and Measuring) during the
Fall and Winter of the 1968-69 school year. Testing was done on an indivi-
dual basis by three experimenters and was begun as soon as possible after
the teaching of the lesson had been completed. All testing was done during
the months of February, March, and April 1969. No child was administered
more than 5 items for each part of the total test, i.e., 15 items for all three
parts. All three parts of the test were administered at the same sitting. Details
of the number of items administered are shown in Table 1,

Table 1: Distribution of Items Among Children

Number of children receiving Total
Part* Qitems | 1item | 2 items | 3 items | 4 items | 5 items | Items | Av/Child

A
{16.1-16.17) | 23 L] 9l 85 60 58 | 1046 2,64

B
16.12-16.20| 43 105 104 83 36 25 831 209

[
{16.21-16.29)} 46 84 119 12 47 28 866 2.18

Totals 2143 §.82

® The three parts constituted three separate tests administered consecutively.
Part A encompassed sections of the unit dealing with Arithmetic, Part B with
Measuring Weight, and Part C with Measuring Length.

Item Form 16.1 required children to name a three-digit numeral, Per-
centages of satisfactory responses were 84% for the even hundreds, 79% for
numerals with a zero in the middle (tens) positions, 88% for numerals with
a zerp in the units position, and 100% for numerals with no zero present. The
results indicate most children had relatively little difficulty in naming three-

® Prepared by Graham Maxwell.
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digit numerals. As expected, most difficulty occurred for numerals with a zero
in the middle position.

Egyptian Numeration was not stressed in the unit (being dealt with in a
single lesson and three worksheets) so it is not surprising that performance
on Item Form 16.2 is poor. Only 22% of the children could correctly represent
a three-digit Arabic numeral in the Egyptian Numeration system. For the
opposite task, representing an Egyptian numeral as a three-digit Arabic
numeral, 32% of the children produced a correct response when the Egyptian
symbols were in descending order of magnitude, but only 17% could do so
when the symbols were ordered randomly. A few more children (22%, 12%,
and 17% respectively) made responses that involved small errors in counting
or choice of symbols, but the majority (56%, 56%, and B6% respectively) pro-
duced responses that seem to indicate more confusion than understanding.
If the lesson is considered important enough for inclusion in the unit, then
sufficient practice to remove the present confusion would seem desirable.

Roman Numeration also received attention in only one lesson and three
worksheets. Item Form 16.3 focused on specific numbers in the range 1
through 21. Cell frequencies are too low (5 per cell) to enable meaningful
analysis of the results for each specific number. The percentage of correct
responses for representing Arabic numerals as Roman numerals was 33%
and for representing Roman numerals as Arabic numerials was 50%. Although
these figures indicate that a majority of the children did not leamn the
simplest aspects of the Roman Numeration system, they are nevertheless
encouraging. For one thing, instruction was brief, and for another the item
form does not test all that may have been learned {symbols L and C were
also used in instruction). Obvicusly, the opportunity for revision and further
practice at some stage in the curriculum would be desirable.

Item Forms 16.4 and 16.5 deal with Decimal Place-Value Notation, The
tasks involved the use of a set of little squares, strips of ten little squares,
and cards of ten strips. The relations among the objects were stated but the
fact that each card contained one hundred little squares was not. One task
was to choose objects from the total set so that the total number of little
squares chosen was that indicated by a three-digit numeral. The second
task was the converse of the first—to write a three-digit numeral showing the
total number of little squares in a given set, The results are shown in Table 2.

Table 2: Percentages of Completely Satisfactory Responses

for Item Forms 16.4 and 16.5
ILF, 16.4 IF. 165
Numeral Given Numeral, Given Set,
: Produce Set Produce Numeral
i0k 16% 16%
ij0 4% 28%
ijk 20% 24%

Obviously, the results do not support the contention that place-value is
well understood. The tasks themselves were relatively simple and represent
a straightforward generalization from these in the unit. Difficulties did arise
for some children from the form of the instructions and the nature of the
materials. But these considerations do not account for many of the incorrect
responses. Obviously, any future application of these item forms at this level
should include cells involving two-digit numerals, cells with various cues
to the place-value system (such as pointing out that each card contains 100
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little squares), and possibly cells with different materials (such as pellets in
transparent packets and bottles or counters in open cups and trays as in the
unit}.

The use of T-Notation to represent numerals is closely linked to the under-
standing of place-value. Item Form 16.6% was designed to investigate both
the representational and the place-value aspects of T-notation. The results
were the worst for any item form in this test and are shown in Table 3.

Table 3: Percentages of Completely Satisfactory Responses
for Item Form 16.6

Description of Cells Percent Correct
1,iTT+0T+k=__ 12%
2 iTT+k=__ 4%
3L ITT+jT+0=__ 16%
4 iTT+iT=__ 4%
5. iTT+jT+k=__ 4%
B ik=z 0%
T ik=__TT+ _T+___ 40%

(where for any item i, j, and k are non-equal digits from the range 1 through 9.)

It is quite clear that the great majority of the children could not use or
interpret the symbolization of three-digit numerals in T-notation. This is
serious since T-notation is used as one of the central teaching strategies of
the curriculum (for example, for teaching about place-value, number base,
algebraic symbolization, power and indices). There is no comfort in the per-
centage (40%) obtained in the seventh cell, since not only does it still rep-
resent a minority of the children with the remainder giving either largely
nonsensical responses (28%) or no responses at all (32%), but also the evidence
from other cells of the item form is that these responses represent simply
rote memorization of a procedure where the three digits of the numeral were
placed consecutively in the blank spaces provided. Almost no one could do
the reverse operation {although it was dealt with in the worksheets) (c.f.
Cells 1, 3, and 5) and little to no account was taken of the symbol that sig-
nifies the values of each digit (c.f. Cells 1 and 3 and compare them respec-
tively with Cells 2 and 4). Even more worrisome is the discovery that 17%
of all responses in Cells 1 though 5 seem to have ignored the T symbols
entirely and made a simple addition of the digits, and that a further 44%
were ot only wrong but nonsensical.

Taking Item Forms 16.4, 16.5, and 16.6 together, the evidence is clear
that place-value was not well understood by these children.

It has been claimed (Unit 16, p. 75) that the Base-Four Number System
was taught “only to help the children achieve a better understanding of
place-value. It is not intended that they should master the concepts and
ideas of the base-four numeration system. The purpose of having the children
work with the base-four system, in which they group by fours, is to have
them comprehend the place-value concept more easily as it applies to the
decimal system, in which they group by tens.” The exact nature of what will
be learned about base-four numeration and the mechanism by which this
learning will transfer to base-ten numeration is not stated. Presumably, some-
thing must be learned for transfer to occur. On the basis of the content of the
three lessons devoted to this topic (Unit 16, pp. 75-86), it can be assumed

¢ See Appendix 4, Example 2.
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that such learning must at least include understanding the terms “base 4” and
“base 10" and the idea of grouping into 4's and 10's according to the specified
base. These understandings could be demonstrated by correct representation
in base 4 and base 10, especially the latter, of the number of objects in a
set, and also by construction of a set of objects whose number is specified
in base 4 or base 10, especially the latter. These are the tasks set by Item
Forms 16.7 and 16.8. In each cell the question was asked with respect to
both base 4 and base 10, with order varied between cells. The results show
that only one child in 24, i.e., 4% could produce the correct response in base
4. These same children could also produce the correct response in base 10.

Since the unit claims that acquaintance with base 4 will facilitate under-
standing of base 10, it is interesting to look more closely at the parts relating
to base 10 in the responses to each item. Table 4 summarizes the results for
these partial responses.

Table 4: Percentages of Correct Responses to that part of each item in
Item Forms 16.7 and 16.8 requiring use of Base-10 Numeration,

Base 4, then Base 10 Base 10, then Base 4
Producing number 54% 67%
in Base 10
Producing set in 44% §2%
Base 10

The results are consistent with the interpretation that questions about base
4 inhibit rather than enhance performance in base 10. Moreover, even when
questions about base 10 were presented first, the percentages of correct re-
sponses were not very high. The question needing to be answered is whether
the hope that (unspecified) features of the base-10 number systemn will be
learned by transfer from an incompletely learned base-4 number system is
psychologically and pedagogically sound. The evidence of these results sug-
gests that it is not,

The results for Item Form 16.9 in which use was made of the abacus are
difficult to analyze. The items were not completely successful in eliciting the
desired kinds of responses since the instructions did not make it unambigu-
ously clear that the second number was to be added to or substracted from the
first number. Thus some children simply set up the abacus to represent each
number in turn. It is probably most useful to examine the percentage of
responses which, quite apart from this misinterpretation of the instructions
and quite apart from simple counting errors, must be scored incorrect. In fact,
an average of 40% of the children (36% for Cell 1 and 44% for Cell 2) produced
responses that demonstrate incomplete or faulty understanding of the abacus
and hence also of place-value notation. The nature of these incorrect re-
sponses may be suggestive of ways in which instruction in the use of the
abacus and of place-value notation could be improved.

Item Form 16.10 was designed to test addition and substraction of small
positive and negative numbers with the aid of the Number Line or the
Slide Rule. The relevant parts of Unit 16 are: Lesson 7—The Number Line;
Lesson 9—The Abacus; Lessons 26 and 27—Directions on the Number Line
and Negative Integers. Cells involving use of the Slide Bule for problems
in subtraction and in the use of negative integers were included as interest-
ing generalizations of the content of the curriculum. In the event, certain of
the cells in the item form were omitted as being too extreme. The results for
those cells that were included are given in Table 5.
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Table 5: Combined Percentages of Completely Satisfactory and
Partially Satisfactory Responses for Item Form 16.10

Number Line Slide Rule Totals
1+ 0, 8/9 (89%) 8/11 (73%) 16,20 (80%)
(positive integers)
5/9 (56%) 6/11 (85%) 11,20 (55%)

=M
(—> pos. Integer)

[ =, 2/8(25%} 3/12 (25%) 5/20 (25%)
(~> neg. integer)

The results provide no evidence that the Number Line aided computation
any better than the Slide Rule. This is somewhat surprising—since “sub-
traction” and “negative integers” were taught using a Number Line but not
a Slide Rule. On the other hand, there are large differences among the row
totals. The conclusion must be that “subtraction” and particularly “sub-
traction resulting in a negative integer” has been poorly learned. Further
evidence of the irrelevance of the number line or slide rule in the performance
of these computations is seen in the number of correct responses made with-
out using these aids at all and sometimes made in spite of using the aids
incorrectly.

Item Form 16.11* was designed to test competence in the addition of
half-values with the aid of a number line (Cells 1-4). This was specifically '
taught by the unit. Generalizations were also investigated—addition of half-
values without the aid of a number line, and subtraction of half-values with
and without the number line. It is surprising to note that the presence or
absence of the number line appears to have had ne influence on the children’s
performance, and that subtraction was performed only slightly worse than
addition. The addition and subtraction of two integers was in all cases
performed with very little difficulty (88% correct responses). However, the
primary focus of the item form, viz, addition of two numbers with the aid
of the number line where at least one number carries the fraction “%”, showed
consistently poor results (31% correct responses). It is perhaps not surprising
that performance was so poor given the extremely brief attention given to it
in the unit.

The percentage of children who can read a symbolic comparison statement
satisfactorily is at best 62% (L, = Ly) and at worst 38% (W, < W, and W, > W,).
The two item forms requiring translation of comparison statements are 16.12
(weight) and 16.21 {length). Except for the obvious difference in the property
symbols, the only other difference between the two item forms was that the

Table 6: Combined Percentages of Completely Satisfactory and
Partially Satisfactory Responses for Item Forms 16.12 and 16.21

Weight Length
< 8% 42%
> 36% §8%
= 50% 6§2%
Combined 43% 4%

® See Appendix 4, Example 3.
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subscripts for W were lower-case while the subscripts for L were upper-case.
The cell percentages obtained for generally satisfactory responses are shown
in Table 6.

There seems to have been slightly better performance with length symbols
than with weight symbols. It is difficult to account for this difference unless
it is due to more practice in making length comparisons and making length
comparison statements, especially as a result of Unit 12.

Obviously, later instruction should not be designed on the assumption that
almost all the children who have been taught Unit 16 will be able to specify
the verbal equivalent of written symbolic comparison sentences. Only about
one-half of the children can, in fact, do this satisfactorily. In defense of Unit
18, we can point to the novelty of the full-blown symbolism (in the previous
unit on measurement, Unit 12, property and object identifications were made
in words, e.g., Length of A { Length of B) and the relatively small amount
of instruction and practice—Lessons 1, 2, and 19—given to it in Unit 16.
Against that must be contrasted the fact that most of the responses classified
as incorrect were grossly wrong and involved stating the relation incorrectly,
not stating the relation at all, or making no relevant response.

Item Forms 16.13 and 16.14° required the beam balance to be used for
comparing the weights of two objects. In one case responses were verbal,
in the other written. The percentages of satisfactory responses were uniformly
high and are independent of the relative size of the objects. Table 7 shows a
summary of the results.

Table 7: Percentages of Completely Satisfactory and Partially Satisfactory
Responses Pooled Across Size Variation for LF. 16.13 and LF. 16.14

wl>wr wl('r W.=W.
Making Verbal Statement 70% 3% 75%
of Relation
Completing Written 10% 62% 18%
Statement of Relation

Whereas the ordering of two objects by weight proved to have been well
learned, the children were much less successful m ordering three or four
objects. The percentages of satisfactory responses in Item Form 16.15 were
32% for ordering threc objects, and 21% for ordering four objects. Most of
the unsatisfactory responses were not even very adequate attempts at per-
forming the task.

Surprisingly, weighing an object on the beam balance was a task most
children could not perform. Tn Ttem Form 16.16, by combining across all
cells (different weighing Units), we discover that only 13% of the children
were able to carry out the correct weighing operation, and only half of those
could report the result of their weighing. Even more distressing is the revela-
tion that 62% of the children did nothing but put the object into the balance-
cups. There would seem to be an obvious weakness in the instruction at this
point and it seems likely that the majority of children were never given the
opportunity of manipulating the balance themselves. Since the assumption
of skill in weighing is a prerequisite of some later units (notably Units 19
and 24), more opportunity for acquiring this skill is probably desirable.

Item Form 16.17 was an attempt to investigate whether the children could
establish the weight relation between two objects without making a direct

© See Appendix 3 for Ttem Form 16.14.
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comparison of them. At least two methods of performing the task exist: (i)
weigh each object on the balance and compare the two weight values; (ii)
balance one object against a set of standard weights and then compare the
second object with the same set. The principle of transitivity is involved in
both methods. Unfortunately, since few children were able to use the beam
balance correctly (cf. Item Form 16.16), this task proved too difficult for
most children, Only four children out of sixty-four (6%) could produce the
kind of response asked for. Another three children (5%) went as far as weigh-
ing one of the objects but stopped at that point, and 10 more (16%} made a
direct comparison and produced the correct relation.

The beam balance requires equal arms for accurate weighing. Changing
the length of the arms or the distance of a suspended object from the
fulerum does not change the weight but will change the attitude of the
balance, Iitem Form 18.18 investigated what was known about these aspects
of the functioning of the beam balance. Because of the sensitivity of the
balance and the complexity of the questions, the results are not easy to
summatize, but it does seem that at least half the children do not under-
stand the significance of having equal vs, unequal arms. When the arms
were initially unequal and level, 53% of the children said that the objects
were equal in weight. A little over a third of the chidren (37%) could make
a satisfactory prediction concerning the balance for changing from unequal
to equal arms, although a larger number (53%) could do so for changing
from equal to unequal arms. However, even in some of these responses
there was a verbal confusion between the property of an object called
“weight” or “heaviness” and the attitude of the beam balance which sig-
nifies the relation between two objects for that property. To some children,
when the attitude of the beam balance changes (here by altering arm-
lengths), the weights of the objects change.

Item Form 16.19 was also concerned with the equality of the arms of the
beam balance except that here the focus was on the symmetry effects of this
equality. Once again the complexity of the responses cannot be captured in
a brief summary. However, the results demonstrate that the majority of the
children (77% with equal-weight objects; 85% with unequal-weight objects)
could make a satisfactory prediction of the effect of interchanging the ob-
jects. Once again, the verbal description given by some children left their
intention regarding conservation of weight as against change in the attitude
{if any} of the balance unresolved.

The use of a spring balance to compare the weights of two objects (Item
Form 16.20) was successfully demonstrated by 81% of the children, These
were easily the best-performed of all the items on weight and it is to be
wondered that more use has not been made of this simple device in teaching
about weight and weight measurement.

Item Form 16.21 has already been discussed with Item Form 16.12. The
comparison of lengths with production of a verbal statement of the relation
{Itern Form 16.22) was successfully performed by about 80% of the children.
Discriminations were made with equal ease whether the difference in length
was %", ¥ or 2". However, technical language was almost non-existent in
the responses—for example, no child gave the form of response “The length
of A appears to be the same as the length of B,” and gave mostly responses
of the form “They’re both the same” or “This one’s larger.”

Item Form 16.23 was similar to the previous one except that a response
was made by inserting one of the three comparison symbols in an incomplete
symbolic sentence. When the objects were as near as possible equal in
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length, 74% correctly made the comparison and wrote =. When the lengths
were unequal, 60% to 68% correctly made the comparison and wrote the
relevant < or > except in the case of inserting > for objects %" different in length
(33%). This last result may be explainable in terms of sampling error caused
by having to exclude certain items which were incorrectly presented.

Item Form 16.24, which required the placing of several objects in order
by length, also produced high percentages of correct responses; 87% for three
objects; 88% for four objects; 75% for five objects.

Ttem Form 16.25 involved measuring the length of an object and reporting
that length to a specified approximation. The results are shown in Table 8.

Table 8: Combined Percentages of Completely Satisfactory and
Partially Satisfactory Responses for Item Form 16.25

Actual Length Actual Length
Larger Smaller
Approx, to nearest inch 50% 15%
Approx. to nearest half-inch 45% 40%
Approx, to nearest cm, 45% 0%

Errors were mostly made in choosing the correct scale or making the
correct approximation. (The top two percentages in Table 8 could be boosted
to 65% and 60% if nearest-half-inch responses were counted correct.) There
are few responses (16% of the total) that demonstrate complete incompetence
in measuring.

Ttem Form 16.26 parallels the previous one. Here the child marks his
response on a number line. The percentages of satisfactory responses are of
the same order as for verbal response. They are given in Table 9.

Table 9: Combined Percentages of Completely Satisfactory and
Partially Satisfactory Responses for Item Form 16.26

i ] b
Apprex. to nearest inch 40% 20%
Approx. to nearest half-inch 50% 20%
Approx, to nearest cm. 50% 35%

The results of both this and the previous item form point fairly con-
sistently to the conclusion that making an approximation to the next largest
unit is more troublesome than making an approximation te the next lowest
unit. The children experienced more difficulties in ruling a line of specified
length (Item Form 16.27) than were anticipated. Some are an artifact of the
presentation (a2 few children did not alter the relative positions of response
sheet and ruler). It is interesting that ruling whole inches or whole centimeters
should produce percentages of satisfactory responses (55% and 50% respec-
tively) consistent with the previous item forms on measuring length, but that
ruling a fractional number of inches (here 5% inches) should prove inexplicably
troublesome (only 25% satisfactory responses).

Item Form 16.28 required comparison of two lines on opposite sides of a
card using different techniques. Results are shown in Table 10.
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Table 10: Combined Percentages of Completely Satisfactory and
Partially Satisfactory Responses for Item Form 16.28

Rufer Rod and Pencil Set of Minnebars
Equal Lengths 67% 50% 92%
(12"}
Unequal Lengths §7% 15% 39%
(712" and 8*)

The apparent irregularities in these data are intriguing. Tentative ex-
planations can be attempted. When using a rod and pencil, small impreci-
sions will lead to equal lengths being pronounced unequal, whereas judg-
ments about unequal lengths will be unaffected by small imprecisions, When
using a set of minnebars, comparing equal lengths would appear to involve
fewer choices concerning the next operation than comparing unequal lengths;
at any rate, the actual responses were simpler for the former than the latter.

In Ttem Form 16.29 a set of symbolic statements about the lengths of
some hypothetical objects were presented. The task was to fill in the cor-
rect letters for the objects in the blank spaces of an incomplete symbolic
comparison sentence. With information about two objects only, 30% of the
children completed the comparison sentence by filling in the correct letters;
another 20% using the numbers (of inches) instead of object letters. A much
smaller percentage of the children could produce either kind of response
for 3 objects (20%), 4 objects (10%), and 5 objects (25%). Obviously, they
were not yet at home with the use of symbolie notation.

On the whole, the results indicate better understanding and skill in
length measurement than in weight measurement. This was to be expected
since length and length measurement have been treated in previous units.
Obviously, the unit has made some progress toward teaching the central
concepts and skills embodied in it. However, the results presented here also
remind that it ean by no means be assumed that all, or even in some cases
most, children have learned the central concepts and skills of number place-
value, weight measurement, and length measurement. At best, a beginning
has been made and much practice and review will be necessary to expand
and consclidate that beginning. Further, the results pose a waming that
there are some cases of untoward generalizations that may present problems
of unlearning at later stages in the curriculum.
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