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In the design of curriculum materials, we should strive for a systematic

method in which certain criticalfactors related to student achievement can be

consciously incorporated, according to the author. The teacher might then

assume the role of diagnostician.

The Relationship of Three Factors in Printed Materials to

Student Achievement

EDWARD J. EATON

The University of Texas, Austin, Texas

The curriculum designer, today, is eon-
fronted with unique tasks with respect to
selection of subject matter. He ;ti asked to
keep abreast of changing data and theories
within the disciplines and also to identify
what content is to be incorporated into the
existing program. To accomplish these
tasks, he must be knowledgea -ble about each
discipline; but to be constantly conversant
with any one discipline, requires continuous
study. Bingham' has pointed out that
nearly everything known now in the sciences

was unknown when most adults were in
school.

As an educator, the designer is faced also
with new evidence in psychology which
points to a revised theory of learning- -a
theory which encourages the introduction of
content to students at an earlier age than
heretofore thought feasible and that accents
the desirability of doing so. Fraser' sees
the educator, in an attempt to meet the
challenge, slowly moving from the learner-
centered curriculum toward the discipline-
centered curriculum. Optimally, the teacher
will soon be helping his students develop
newly identified concepts of the disciplines
through a proeess grounded in the emerging

psychology.
Scholars, scientists, and teachers are be-

coming increasingly aware of the shortcom-
ings of continuing our present practices in
curriculum revision. These efforts usually
take the form of periodically depositing
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newly found data on the existing foutalation.
Partly from this concern a theory has de-
veloped: under each discipline lies a struc-
ture which supports its body of accumulated
knowledge. It is the understanding of this
structure which lends intellectual power to

the student, not the nonsequential fragments
currently in the curriculum. Bruner,3 iu
summarizing the thoughts of leaders from

a number of disciplines, stated:
Designing curricula in a way that reflects the basic

structure of a field of knowledge requires the most
fundamental understanding of than field. It is a
task that cannot be carried out without the active
participation of the ableit scholars and scientists.

The problem of curriculum revision and
implementation becomes acute and complex.
In turning to the structure of the discipline,
there is the probability that much of our
present curriculum, often considered trivial,
will be replaced. Basic concepts known to
and identified by the leaders in the dis,ii-

plines will supplant existing curriculum con-
tent. It, would not be unreasonable to state
that most of these concepts are either foreign
to, or at best only vaguely recognized by,
the present classroom teacher. It is beyond
reasonable expectation that the general
practitioner in the classroom will be at ease
in this new arena.

Scholars and scientists, although special-
ists in their realms, would have a difficult
time, indeed, communicating the basic con-
cepts which they have identified to elemen-
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tary school children, This task has been
left, in most of the current curriculum re-
vision projects, in the hands of the educator.
He, in turn, through production of instruc-
tional materials, must interpret to children.
In many instances, the teacher is ill equipped
to teach these specialized areas and could
conceivably do a great injustice to both the
student and the discipline. It would appear
that if this tread is to continue, the learning
materials of the future must be capable, so
to speak, of carrying their own weight.

It is unrealistic to believe that all elemen-
tary school teachers can be trained to teach
any discipline at any depth or that it would
even be possible to train a substantial num-
ber of them to be highly competent in any
one discipline. It is more realistic perhaps
to think that if a systematic method of
preparation of materials could be found, one
in which critical factors related to achieve-
ment could be consciously incorporated,
then the teacher could assume the role of
diagnostician. It would be his task to
assess the conceptual level of the child and
match this judgment with the myriad of
possible areas to be explored. It is toward
the problem of design of curriculum ma-
terials that this study was directed.

Related Research

To date, little research has been produced
to give direction to the problem. L111118-

dainc4 reports that few studies have been
done

. in which the format or content of the printed
textual material has been experimentally manipu-
lated in a situation involving supervised reading for a
fixed interval or a similarly structured situation. A
further potential exception might be envisaged in a
large-scale field experiment in which the experi-
mental factor is availability of text or reference ma-
terials in two or more clearly differentiated alterna-
tive forms. Such a study would require a consider-
able sampling of classes or schools, and teachers.
It would pose the question: Does placing one kind of
text in the, hands of teachers or students result
(despite probable wide variation in the conditions of
its use) in differences in achievement? No such
studies on conventional textbooks are known to the
author . . .

Statement of the Problem

Through concern with the usual trial and
error method of material preparation, this
study was an attempt to investigate differ-
ences in student achievement and attitude
formation due to planned differences in
textual materials. These differences were
determined and controlled through the
manipulation of three factors: (1) number
of questions, (2) number of activities, and
(3) number of incongruities. These three
factors were selected because of their appar-
ent importance in the learning process. It
is readily conceded that these factors are not
all inclusive and that two or more in varying
combinations may provide variances in the
results. However, it is hoped that through
the act of identifying their role in isolation,
this study may provide possible direction or
avenues for further study for those concerned
with preparation of instructional materials.

Content Selection

The initial effort in this study was to lo-
cate content which would meet three criteria: ,
(1) It must either contain or lend itself to
inclusion of all three factors questions,
activities, and incongruitiesin varying
combinations; (2) It must lend itself to a
variety of reorganizations, which would be
necessary if the factors were to be rigorously
manipulated; (3) It must be unfamiliar to
the students but must not demand a higher
degree of competence than could be expected
of students at the selected grade level.

In view of these criteria, content was
selected from Chapter Four, "Charting on
the Earth," from the text, Charting the Uni-
verse. The text is a publication of the
University of Illinois Elementary-School
Science Project. It was the result of a team
of astronomers and educators jointly at-
tempting to interpret to students what con-
tent the former group felt to be bmic to
astronomy. As such, the content is radi-
cally different from that which students ,are
ordinarily taught in the traditional astron-
omy program.
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The chapter did demand certain prior
knowledge of angles, triangles, circles, and
scale drawings. Because the purpose of the
treatments was not to teach these specific
skills, and it was not feasible or desirable to
request that students in the project be
taught these skills prior to the treatments, t
it was decided that the study could most
effectively be done with sixth grade students.
Most boys and girls of this grade level are
in adequate possession of the forementioned
skills as was established through an examin-
ation of mathematics and social studies texts
designed for fifth and sixth grade students.

A survey of the chapter revealed thirteen
questions, fourteen activities and what can
be considered as three incongruities. Thus,
all three factors were in evidence and all
appeared to be manipulative.

Test Development

To ensure a comprehensive test coverage,
"Guidelines of Content for Chapter Four"
was developed by the investigator using
seven categories as identified by Bloom.'
These categories were: (1) Principles and
Generalizations; (2) Terminology; (3) Spe-
cific Facts; (4) Methodology; (6) Transla-
tion; (6) Extrapolation; and (7) Applica-
tion. Both Chapters Four of the text and
of the Teachers' Manual were thoroughly
scanned for learnings which would fall into
each category.

Once the guideline was complete, the in-
vestigator constructed a number of multiple
choice questions for entries within each
category with some assurance that the con-
tent of the chapter was being sampled. The
result was a test of ninety-three items.

Interviews were held with a sixth grade
student who had studied the material the
previous year to get some idea of how such
a student would interpret the questions.
Following this, the test was read by a fifth
grade student reading on a fifth grade level,
a level not uncommon to many of the pros-
pective subjects to get some idea of the diffi-
culties a student reading below sixth grade
level would encounter. After these inter-

views, where necessary, test items were re-
written to eliminate any confusing sentence
structure, vocabulary, or other stumbling
blocks.

The test was submitted to forty sixth
grade students who had completed a study
of "Charting on the Earth" within the week.
An item analysis was conducted and for
each item the difficulty level and the inter-
nal validity were established; the former
through a formula given by Lindquist' and
the latter through use of an abridged table
of Flanagan's table of normalized biserial
coefficients, as described by Garrett and
Woodworth .7

Fifty-five items were identifial as being
acceptable for Trial Test II. The items
were again compued with the "Guideline
of Content Coverage for Chapter Four" to
establish that the content was adequately
sampled. This final test was administered
to sixty-two sixth grade subjects who had,
during the week, completed a study of
"Charting on the Earth."

TABLE I
Analysis of Trial Mit II

It ems 55 Variance 137.3
Subjects 62 Standard

deviation
11,7

Mewl 20.0 Reliabili I ya 0.922

a Reliability was established through use of the
Kuder-Richardson reliability formula 20.

Construction of Materials

In the process of rewriting Chapter Four,
there was need to control three areas with
considerable rigor. First, it was necessary
to state with some authority to what extent
each factor was present in each treatment.
Therefore, primary attention had to be
focused on factor control. Second, the
format of each treatment had to be substan-
tially the same. Radical c1ranges in illus-
trations, type, general attractiveness, or
other aspects of format would inject a fourth
uncontrolled variable into the study, making
any statement of probable causality vir-
tually impossible. Third, attention had to
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TABLE II
Analysis of Factors Found in Each Treatment

Treatment Variable factor Questions Activities Incongruities

0 Original chapter 13 14 3

I Emphasis on questions 30 14 3

II Deemphasis of questions 0 14 3

III Emphasis on activities 7 39

TV Deemphasis of activities 8 0 3

V Emphasis on incongruity 15 15 8

VI Deemphasis of incongruity 2 14 0

be given to the readability level of the ma-
terial. Any great difference would render
comparison across treatments out of the
question.

Six treatments were written. In each in-
stance, one factor was either accentuated or
minimized while the remaining two factors
were held constant, i.e., found in approxi-
mately the same quantity as the original
version. Thus, Treatment I laid heavy
stress upon questions by increasing the num-
ber but retained basically the same activities,
and incongruities as found in the original
chapter.

Care was taken that all booklets, includ-
ing the original, were in mimeograph form,
that each had the same cover page, that all
page layouts resembled as closely as possible
that of the original, that all included the
same illustrations, that all were typed with
the same type, and that all contained the
same number of pages. Treatment III
represents an exception in two instances.
Because of the additional activities, it was
necessary to increase both the number of
illustrations and the number of pages.

The Dale-Chall readability formula was
implied to the seven treatments and the
average grade level of each treatment was
found to be 7-8. Therefore, no manipula-
tion of the vocabulary or sentence length was
necessary.

The seven treatments were then submitted
-to a panel of five judges to determine if
there were actual detectable differences
among the treatments. The treatments,
arranged initially in a random order, were
categorized correctly by all five judges. It

seems reasonable to state that there was a
difference in the manner in which the treat-
ments were written and that this difference
was great enough to permit knowledgeable
educators to categorize them with a high
degree of accuracy.

Teacher Selection and
Treatment Implementation

An invitation was offered to sixth grade
teachers in a South Florida county school
system to participate in the study. Thirty-
five teachers responded. These were ar-
ranged in alphabetical order and randomly
assigned a treatment. Each of the seven
treatments, the original and the six varia-
tions, was taught by five teachers. A total
of 889 students in thirteen schools consti-
tuted the sample.

Prior to the teaching of the material, the
investigator personally tested each of the
thirty-five classes, ensuring that no test
booklets were lost or previewed by the proj-
ect teachers.

Following the pretest, enough astronomy
booklets were delivered to each teacher for
every subject. Booklets were not to leave
the classroom nor were teachers to discuss
the study until the post -test had been admin-
istered.

At the completion of the study, the inves-
tigator once again tested all subjects.
Every attempt was made to make the situa-
tion closely resemble the pretest sessions.
The post-test contained three additional
questions which related directly to students
attitudes. These were:
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1. My feelings toward the astronomy we studied

are:
( ) Liked very much; ( ) Liked Some; ( )

Undecided; ( ) Disliked Some; ( ) Disliked

very much.
R. The chapter was:

( ) Very easy; ( ) Easy; ( ) Some easy,

( ) Some hard; ( ) Hard; ( ) Very hard.
8. I would like to study astronomy like this:

( ) Much more; ( ) A little more; ( ) Not

sure; ( ) No more; ( ) Never again.

Hypotheses Tested

It was hypothesized for nine categories of
subjects that no relationship existed between
achievements test scores and treatment
ferences. These nine groups of subjects

were:
1. Total sample.
2. Male subjects.
3. Female subjects.
4, Subjects with mental ages in the upper quartile

of all subjects.
Subjects with mental ages in the low
of all subjet,t,

6. Male subject'swith mental ages in the upper
quartile of all male subjects.

7. Male subjects with mental ages in the lower
quartile of all male subjects.

8. Female subjects with mental ages in the upper
quartile of all female subjects.

9. Female subjects with mental ages in the lower

quartile of all female subjects.

Three additional hypotheses were tested
concerning differences in the subjects' atti-
tudes as related to their achievement scores

for the seven treatments. It was hypothe-
sized that a correlation of zero existed be-
tween the seven treatments, when ordered

by their adjusted mean achievement test
score for all subjects, and the order of the

seven treatments when ordered by each of

the following: (1) the extent to which the
treatments were liked or disliked by all
subjects; (2) the extent to which the treat-
ments were perceived as being easy or diffi-

cult by all subjects; and (3) the extent to
which the students desired to study more of
similar material.

Statistical Treatment

Initially, hypotheses for subject groups 5
and 7 above were eliminated as untestable

MOW

because of sampling problems. It was found
that not all subjects within each of the two
groups, 6 subjects with mental ages in the
lower quartile of all subjects, and 7 male
subjects. with mental ages in the lower
quartile of all male subjects, were drawn

from a homogeneous population.
To determine if differences in achieve -

merit scores among treatments existed for
the remaining seven categories of subjects,
the five classes in each treatment were pooled

and the data were analyzed through an
analysis of covariance, holding the mental
ages of subjects constant. Significant differ-
ences were found in achievement scores of
subjects in six instances. Only the test of
the hypothesis for subject group 8, female
subjects with mental ages in the upper
quartile of all female subjects, produced no
significant differences in achievement scores
across the seven treatments. A summary of

the findings is given in Table III.
Further analysis was made in an attempt

to determine the influence of manipulation
of individual factors upon achievement.
An analysis of covariance was used in de-
termining if there was a significant differ-
ence for each group of subjects in achieve-
ment test scores between (1) subjects who
received materials which emphasized ques-
tions as opposed to subjects who received
materials which deemphasized questions; (2)
subjects who received materials which ern-

. .phasized activity as opposed to subjects who
-received materials which &emphasized ac-

tivity; (3) subjects who received materiaN

which emphasized incongruity as opposed to
subjects who received materials which de-
emphasized incongruRy. With two excep-
tions, each subject group appeared to be
sensitive only to the manipulation of one
factor, and that factor varied among groups.

For example, females with mental ages
in the lower quartile of all female subjects
responded only to the manipulation of the

factor "activity." Significant differences in
achievement test scores were found only for

this factor; printed materials containing
thirty-nine activities resulted in significantly
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TABLE III
Comparison of Order of Treatments as Determined by Mean Achievement Scores for the Six Hypotheses

which were Rejected

Rank
All

subjects Males Females
High
M.A.

High
M.A.
males

Low
M.A.

females

1 III (activities) III III II II III

2 II (no questions) II I 0 0

3 -,I (questions) O. 0 I I IV

4 0 (original) I II III IV V

5 IV (no activity) IV IV IV III II

6 V (incongruity) V VI VI VI 0

7 VI (no incongruity) VI V V V VI

Level of
significance 0,01 0.01 .0.01 0.01 0.05

higher scores than did printed materials
containing no activity. No significant dif-
ferences in achievement were found between
students studying materials with many.
questions and students studying materials
with no questions or students studying ma-
terials with many incongruities and students
studying materials with no incongruities.

It should he noted that the factor to
which the students appeared to be highly
"sensitive" also produced the. highest mean
achievement score. For instance, the fe-
males with low mental ages, referred to
above, not only appeared to be most sensi-
tive to the manipulation of the number of

activities, but the highest mean achievement
score recorded for the Seven treatments was
recorded for those subjects who received
materials with an emphasis on activity.

Analysis of the total. group of female sub-
jects provided one exception. While there
was a significant difference in their achieve-
ment test scores among the seven treatments,
this difference was not accounted for through
the manipulation of any single factor. As
a second exception, subjects with high men-
tal ages appeared to be sensitive to both the
number of questions and the number of
incongruities. However, while this latter
group may have responded to differences in

TABLE IV
A Comparison of the Factors of Greatest Sensitivity and the Treatment Resulting in the

Highest Achievement Score for Each Group of Subjects

Subject,
category

Factors of greatest sensitivity

Factor
Direction resulting in
higher achievement

Treatment resulting
in highest achievement

scores

All subjects Activity Emphasis IIIEmphasis on
activity

Males Activity Emphasis IIIEmphasis on
activity

Females None IIIEmphasis on
activity

High mental Questions Deemphasis II-1)eemphasis of
aged subjects incongruity Emphasis questions

High mental.
aged males

Questions Deemphasis IIDeemphasis of
questions

Low mental
aged females

Activity Emphasis HIEmphasis on
activity

000101101.11.
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the number of incongruities, the response
was neither as great as that for manipulation
of questions nor did it result in a high per-
formance on the post-test.

It should be pointed out that those sub-
jects with high mental age scores deviated
markedly from students in the mid and low

ranges. This deviation was most marked
in the factor category "questions" where the
"high" category students received the high-
est mean achievement scores when studying
from materials with no questions, In this
treatment, all information and data was
given directly to the student without ques-
tions to stimulate further thought or to call

for class discussion. There were a minimum
of activities, the majority of whiCh required
application of the newly presented informa-

tion. However, manipulation of the num-
ber of activities made no significant differ-
ence in the mean achievement test scores of
these students.

To investigate the relationship between a
student's attitude and his achievement, the
students were asked to mark one of five
choices to indicate their like or dislike for the
astronomy lessons, and the 'extent to which
they would care to study more of similar
mateial. A numerical value, one to five,.

was assigned to the responses. By tallying
these values, it was possible to arrive at an
average value for a treatment group. The
seven treatments were than ranked as to
the average attitude for subjects within each

group. Since none of the subjects were
familiar with the content, or had seen the
material prior to the study, it was assumed
that any attitudes held were developed as a
result of the study.

To test the hypotheses of no correlation
between the rank order of the treatments
based upon the attitude questions and the
rank order based upon the adjusted mean
achievement scores for the total sample,
Spearman's rank order coefficient was com-
puted.

In each of the three instances it was found
that a relationship did exist between test
scores and attitudes, but this relationship

4'

TABU) V
Comparison of Order for the Seven Treatments on
the Three Questions Col teeming Attitudes and on the

Adjusted Mean Achievement Scores

Adjusted Subject
mean like Per-

achieve- for eeived
men t the diffi-

IYesire
to study
more Of

Bank score material culty the same

1 III III 0 III
2 II 0 III 0

3 I IV II I V

4 0 II V II
5 IV V IV V

6 V I VI I
7 VI VI I VI

could have occurred by chance. The data
do not support the hypothesis that students
who leant more content, as indicated by
higher achievement scores, (1) like the ma-
terial any better than lower scoring class-
mates, (2) perceive it as being easier, or (3)
desire to study more similar material.
However, it is interesting that the material
with the greatest number of activities con-
sistently ranked high, indicating the most
favorable attitudes developed, while the ma-
terials with the greatest number of questions
and the material with the least amount of

incongruities consistently ranked low, indi-
cating the least favorable attitudes devel-

oped.

Conclusions

The first and most obvious conclusion to
be drawn from this study is that when the
project teachers, unfamiliar with the con-
tent, taught astronomy through adhering
closely to the materials provided, the manner
in which those materials were written seemed
to predetermine the amount of learning
which took place. The data leave little in
the way of doubt, as significant differences
were noted between the mean achievement
scores for the seven treatments in six in-
stances. It appears that the factors investi-
gated, the number of questions, activities,
and incongruities, were basic in determining
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the extent to which the students assimilated
the content.

It also appears that not all factors were of
equal importance for students within various
categories. An increase or decrease in the
presence of a given factor produced signifi-
cant differences for one group* of students
but remained impotent in altering achieve-
ment scores of others. For example, manip-
ulation of the number of activities resulted
in significant differences in three of the six
subject categories.

An nnalysis of the response of students to
factors indicates that there was a high

degree of selectivity operating within the stu-
dent. The data further support the con-
clusion that for a given student, that factor
to which he was most sensitive promoted
the highest level of learning.

A student's sensitivity to a factor was
either in terms of the presence or absence
of that factor. In four instances, subjects
within different categories responded best
to the presence of many activities. In two
instances students responded best to the
absence of questions. This would suggest
that materials produced for optimal learn-
ing must be founded upon both a recognition
of that factor to which the student is most
sensitive and the systematic con,,rol of its
frequency.

Of the three factors investigated, activitly
produced the highest achievement scores for
the. majority of students. If material is to
be written in only one form, it would seem
that much activity would satisfy the greatest
need. This, however, would not seem to
meet the needs of students with mental ages
in the upper quartile. The data suggest
that students with high mental ages were
capable of assimilating the content quickly
and with comprehension. Thus, Treatment
II, which contained no questions, provided
the most successful mode -of presentation.

Incongruity in printed material appears
to be a factor of some consequence, but its
exact role is not completely clear. The two
treatments involved, Treatments V and VI,
consistently produced low achievement
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scores. In only one instance were there
significant differences between the treat-
ments. This instance was due to the sensi-
tivity Of subjects with high' mental ages.
The factor appears to be quite nebulous,
and it is entirely possible that incongruity
was not adequately identified and subse-
quently manipulated for any clear lines of
distinction to become evident. It is felt,
however, that sufficient data were collected
to attest to the importance of this factor and
to demand further investigation.

The mental age of the student is critical
in determining the extent to which a partic-
ular piece of material will be learned.
Within the high and low mental age groups,
Treatment II and III lay a maximum of
five ranks apart, in inverse order. Use of a
general description of this student popula-
tion would only serve to construct a dis-
torted image.

Of prime importance to this investigation
were the attitudes which the students de-
veloped as a result of the seven treatments.
These attitudes were analyzed for the entire._
group of subjects and not for subgroups.
The data indicate that a specific piece of
material was not only instrumental in de-
termining the content which was learned
but also developed a given set of attitudes.

In light of these data, a serious question
must be raised with present practices of
teachers and authors concerning the nature
and use of texts and manuals. Generally,
emphasis in the test is placed upon questions,
specific and general. Activities are usually
minimal in number, to be supplemented by
those found in the teacher's manual. The
data suggest that this procedure be reversed;
that is, the activities and ideas for activities
should be written into the material for the
student, not into a manual of supplementary
work. It is perhaps in the manual that sug-
gestions for guiding the diverse interests of
students and suggestions for a few highly
productive discussions should be placed,
aiding the teacher in drawing from the
student ideas which will add unity to the
lesson and provide the foundation from
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which further explorations may develop.
For the student with high mental age, the
activities should be so structured that if
only a minimum are needed for complete
understanding, the student may move on,
unrestricted by the individual needs of

fellow students.
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