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When, at the turn of the century, Rice (4) constructed his
tests for his investigation which led to the publication "The
Futility of the Spelling Grind," he established the nature of
educational achievement tests. His conception of educational
achievement dominated education for the following half century.
His idea was quite simple: measure the retention of subject matter
which was taught. That his conception was widely accepted is easy
to document. Mid-way through the half-century Wood (3) conducted
the Commonwealth Study, a study of the quality of public schools in
Pennsylvania., His prime data were "the factual knowledge which
students have achieved." As recently as last year, a major test
publisher issued a revised form of a classic standardized achieve-
ment test. It differs only in degree from those of Rice and Wood.

I believe that we are in a period that is drawing to a close.
During this period we have depended almost completely on tests of
the Rice-Wood type for the measurement of achievement. We are on
the threshold of a new era in achievement testing. I would like to
discuss with you what I believe to be an emerging trend in achieve-
ment testing. Perhaps time will prove it to be a dominant theme
during the next half-century.

Perhaps the appropriate beginning point in a discussion about
it is for you to consider a test item consisting of a stem and five
alternatives. A student is directed to read the item and to choose
a response., To oversimplify somewhat, his response to the item
will depend on two factors; whether he is in possession of the
relevant content, and whether he can bring that content to bear on
the item. If he answers correctly, then we assume that he has com-
mand of the content, or he does not correctly apply the mental
process, or both,

The significance of mental process in this interaction has
been seriously neglected. One might ascribe the neglect as fol-
lows, First, mental processes, as such, have not been operationally
defined; consequently, instruments to appraise student command of
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them could not be built. Second, undue emphasis on subject matter,
content achievement, has caused many to lose sight of the inter-
woven process variables.

For the past two years a group of us at Florida State Univer-
sity has been investigating the possibility of assessing students'
mastery of mental process variables. The mode of investigation has
been to hold accessibility of content constant over pupils then to
analyze and assess their ability to manipulate the content. The
operational definitions of mental processes we are using appear in
the Taxonomy of Educational Objectives, Handbook I: Cognitive

Domain., (1)

The Taxonomy grew out of a series of conferences which were
held during the period 1949-1953 to explore methods of classifying
educational objectives. The participants were college and univer-
sity examiners who were in search of a theoretical framework which
would facilitate communication among them and which would serve as
a basis for examining the relationship between teaching and testing.
The group planned a complete taxonomy of educational objectives in
three parts: the cognitive, the affective and the psychomotor
domains. Considerable effort on the part of the conference par-
ticipants led to the publication, in 1956, of The Taxonomy of Edu-
cational Objectives, Handbook I: Cognitive Domain.

A taxonomy, according to the Thorndike-Barnhart dictionary, is
a '"classification, especially in relation to its principles or
laws." To build a taxonomy of educational objectives then would
imply the existence of principles and laws which are copmon to all
educative processes, whether the content be English, social stu-
dies, mathematics, science, etc. Teachers claim to be teaching for
"understanding, problem solving ability, comprehension or mastery."
The need for a taxonomy is emphasized when we consider that the use
of relatively undefined terms, such as "problem solving", by tea-
chers of mathematics might well imply a set of mental processes
quite different from those implied when teachers of physics use the
term "problem solving." The development of a standard classifica-
tion system such as the Taxonomy should standardize terminology and
the processes implied by terms, thereby preventing semantic confu-
sions such as that of the physics and mathematics teacher described
above.

A taxonomy has other uses. It can aid the teacher to develop
a better conception of educational goals in terms of behaviors and
it should suggest the possibility of new educational objectives.

Finally, since a taxonomy can be used as a basis for estab-
lishing educational goals, then it should serve, too, as a
classification system for the measurement of these objectives.

The authors of the Taxonomy of Educational Objectives assumed
that student behaviors could be grouped into a relatively small
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number of classes despite differences in curricular objectives,
test materials, etc, They further assumed that the classes estab-
lished would be common to levels of instruction (elementary through
college), schools, and curricula.

Four principles guided the construction of the ITaxonomy.
First, the major distinctions between classes should reflect the
distinctions which teachers make among student behaviors. Second,
the Taxonomy should be logically developed and internally consist-
ent, i.e., terms should be clearly defined and used consistently
throughout., Third, the Taxonomy should be consistent with present
knowledge and understanding of psychological phenomena. Fourth,
the Taxonomy should be, primarily, patterned for the description of
every type of educational goal, with no attempt to place any or-
dered value on the quality of the behaviors being classified,

On the basis of these principles and assumptions, a set of six
major classes was established. The six classes were ordered hier~
archically according to the complexity of the behavior in each
class. The categories, from least to most complex, are:

Knowledge, behaviors which emphasize the remembering
of ideas, material or phenomena. It is
the lowest level in the Taxonomy.

Comprehension, behaviors which represent an understand-
ing of some message transmitted through
some form of communication,

Application, behaviors which emphasize the use of ab-
stractions in specific situations.

Analysis, behaviors which breakdown a communication
into its several parts in such a way that
the relationship between the ideas ex-
pressed are made more clear.

Synthesis, behaviors which put together elements and
parts to form a novel whole.

Evaluation, behaviors which represent judgments about
the wvalue of material and methods for
specific purposes.

The hierarchy of mental processes is cumulative, i.e., each
level includes all preceding levels as well as a unique component,
This classification system is referred to as the Taxonomy of the
cognitive domain, It provides the theoretical framework for

our
research on the measurement of educational achievement.
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Being good researchers, or perhaps regressive ones, we decided
to center initial studies on the validity of the Taxonomy, the
framework we intended to use in our proposed studies of the meas-
urement of achievement. In short, the first task was validation of
the Taxonomy of Educational Objectives, Handbook I: Cognitive
Domain. Two specific questions were considered: Can judges agree
on the assignment of items to Taxonomy categories? Can the imputed
hierarchical structure of the Taxonomy be supported by empirical
evidence?

The first question, can judges agree on the assignment of
items to the Taxonomy categories, was answered affirmatively in two
separate studies. One study dealt with published, standardized
tests; the other with specially constructed tests.

Two well-known, standardized tests were selected for analysis,
one a test of reading comprehension, the other a test of arithmetic
computation. A panel of judges, all familiar with the Taxonomy,
were asked to classify each item according to the mental process
(knowledge, comprehension, application, analysis, synthesis, and
evaluation) which they judged would be required in responding to
the item. While the agreement among the judges was not unanimous
for all items, there was sufficient agreement to attest to the va-
lidity of the Taxonomy as a criterion of classification.

Of particular interest, although not the central purpose of
this phase of the research, is the distribution of items in these
tests with respect to Taxonomy categories. When the model classi-
fications of the items were considered 93% of the items in the
reading comprehension test were classified as either Knowledge or
Comprehension., For the arithmetic computation test, Knowledge,
Comprehension and Application accounted for approximately 75% of
the item classifications. These results testify to the emphasis on
content rather than process in the "typical" standardized test,

The second part of the answer to this question was based on
items which were written to conform to the operational definitions
of behaviors contained in the Taxonomy. The problem in this con-
text was, if item writer "A" writes an item designed to evoke
behavior "8," will judges "B," "C," '"D," etc., classify the item as
measuring "S." Two sets of items were constructed, one set based

on a science reading passage and the other set based on social
studies content.

Five judges classified the science items. Eleven of thirty-
six items were unanimously classified as congruent with the cate-
gories for which the items were written. On nine other items, only
one judge deviated in his classifications from those of the other
four, (Six of the nine disagreements were attributed to one
judge.) On all but two of the remaining sixteen items, three of

five judges classified each item congruently with the process it
was intended to evoke,




Four judges classified each of 39 items based on social stu-
dies content. For eleven items their agreement was unanimous and
perfectly related to the process category the items were intended
to evoke; for sixteen items, three of four judges agreed with each
other and the intended category. For each of the remaining items
two judges were in agreement.

In summary, raters do tend to agree among themselves as to the
behaviors required and do tend to classify items congruent with the
behaviors the items were intended to evoke.

The second question dealt with the empirical validation of the
hierarchical structure of the Taxonomy. If the categories are
hierarchical, from Knowledge through Evaluation, and also cumula-
tive, i.e., any given category includes the behaviors of all lower-
order categories, then data derived from tests constructed to
appraise all of the Taxonomy behaviors should exhibit the following
characteristics. First, the mean scores for items in each category
should decrease as the complexity of the category increases.
Second, analysis of the inter-correlation matrix of category scores
should reveal a simplical structure as described by the Guttman
Radex Theories, (2)

The experimental tests, consisting of items constructed to
measure the Taxonomy behaviors, were administered to approximately
1,000 students in grades 9-12 from two schools. The hypothesized
order of mean category scores was supported; mean process ScOTres
did decrease as the level of complexity increased. This not only
supports the hierarchical structure of the Taxonomy, but also indi-
cates some construct validity £for the experimental tests. A
perfect simplex, according to Guttman's theories, requires that
certain partial correlations vanish. In particular, Tikei = 0 for
i €j<k. This condition will obtain only if, teed

Tk " rij rjk’ where i < j< k.

While perfect simplical structure was lacking in the correlation
matrices, there was a definite trend toward a quasi-simplex, a
modification of the perfect simplex (inasmuch as the requirements
for the perfect simplex are extremely rigorous, it was not surpris-
ing that the conditions were not met).

Referring back to our two questions, we might say that judges
can agree on the assignment of items to Taxonomy categories and
there is general support for the imputed hierarchical structure of
the Taxonomy.

One or two other findings are perhaps worth mentioning. The
experimental tests were administered to students in grades 9-12;
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for each category, there was a general increase in mean performance
as the grade level increased from 9-12. This may well indicate
that the processes are perhaps general, learned outcomes of the
educative processes. The experimental tests were constructed in
the form of the typical reading comprehension test and, hence,
these differences may reflect differences in reading ability rather
than maturation level of the process.

When process scores were correlated with I.Q., the correlation
decreased as the level of complexity of the process increased. The
most plausible explanation for this would be that the I.Q. test
measures only those processes at the lower end of the hierarchy,
The pattern of correlations with I.Q., coupled with the pattern of
process mean scores, implies that the tests are measuring something
other than maturation,

The measurement of achievement for the past few decades can be
characterized by tests in the Rice-Wood tradition., The majority of
these tests have emphasized the acquisition of content. Scores
from these tests have been used successfully to identify students
who did not have command of the relevant content. However, little
has been done to identify the mental processes involved in the
manipulation of this content.

I predict that there will be a shift in emphasis during the
next few decades in the direction of a more careful examination of
the mental processes involved in learning. Perhaps the test bat-
tery of the future will be content and process oriented. Scores
from such a battery might tell us not only the content areas in
which a student is weak but also the mental processes which must be
learned to facilitate the strengthening of the weak areas.

The validation studies discussed here indicate the relatively
low level of mental process involved in the typical standardized
test, They also indicate the usefulness of the Taxonomy as a cri-
teria for classification for behavior and as a set of operational
definitions which can be used to determine the extent to which
these behaviors have been learned. The studies reported here are
just a beginning; the work has continued and its dimensions have
been extended. I believe the trend toward the inclusion of process
measurement to be well worth watching.
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