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The elementary science curriculum must include real-1ljfe
experiences that enhance development of problem-solving
skills and provide students opportunities to apply the scien-
tific method. Becatse the ability to think critically is a
widely held goal of elementary science, and both textbooks
and questioning are suth prominent tools in the instructional
process, elementary science textbooks and accompanying re-

source materials must be analyzed to determine their ability

to elicit higher cognitive processes.

This study sought to determine the cognitive levels of
questioning of test items accompanying selected fifth-grade
science textbooks. Also investigated were the extent to
which test items emphasized higher level questioning and
whether significant differences existed among the texts in
distribution of knowledge- and above-knowledge-level test
items.

Data were derived from 500 test items, 100 randomly
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selected from each of the five most widely used fifth-grade

science textbooks in Alabama, California, Tennessee, and

Texas. Three raterss classified the items according to

Bl om's (1956) six major taxonomic categories.
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Collectively, 304 (61°) of the 500 test items were

judged as knowledge, 169 (34%) as comprehension, and only 26
(5%) as application items. No test item represented the
analysis and synthesis categories; only one evaluation item
was found. The textbooks contained significantly more
knowledge~ than above-knowledge-level test items (g? =
23.3287; p < .001).

When data were dichotomized into low and higher levels
of questioning, two textbooks had slightly greater percen-
tages of higher level questions than lower. However, the
overwvhelming majority of higher level questions were compre-
hension, the lowest level of understanding.

Some textbooks contained significantly greater percen-
tages of higher level test items than others (§? = 41.5716;
P < .001). 1Individual post hoc comparisons indicated that
two textbooks were significantly superior to the others in
their emphasis of above-knowledge-level ijitems.

Because these tests focused on memorization and not the
development of higher cognitive skills, it was concluded that
students cc'uld master these tests with little or no true
unGgerstanding of science processes. It was recommended that
publishers include a more logical progression of test items,
reflective of all six levels of Bloom's taxonomy. Additional
recommendations addressed publishers, textbook selection
committees, preservice teacher educators, and classroom

teachers.




INTRODUCTION

Background ang Statement of the Problem

The emergence of elementary science textbooks and supplementary tex:

materials has paralleled closely the development of science education In

the public schools. In the pioneer days of the American graded school,
the standard curriculum was limited to reading, spelling, arithmetic, and

writing. Although science was not among the basics, children’s 1iterature

often emphasized science themes. The McGuffey Reader, for example,

included such topics as plants, weather, and animals (Harbeck & Marcuccio,

1978).

Prior to the development of public schools in the United States,

noted scholars Jean Jacque Rousseau (1712-1788) and Johann Pestalozzi
(1746-1827) had advocated the Study of Science through sensory activities
and individual examination of natural obiects. By the late 1800s,
American grammar schools utilized object teaching activities in which
students composed descriptions of animate and inanimate objects. The
focus of such exercises was to develop the mental processes of the student
in preparation of obtaining knowledge for reasoning in later years.
Because students did not use textbooks with the object exercises, the
amount of science knowledge possessed by the teacher was a critical factor
In the success of the lessons. Teacher manuals were published to provide
science background; however., most were 8o laden with incorrect science

Information that they were nf little value (Underhill, 1941).

As the population of the United Stat>s migrated from rural to urban
comnunities during the industrial revolution, educators began to stress

th2 study of nature. The pericd between 1890 and 1920 became known as the
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Nature Study movement and was characterized by an enormous increase in the
production of teacher manuals and suppliementary materials., By 1918,
science methods courses were introduced by many teacher-training
institutions. As a result, numerous texts of elementary science
methodology and curriculum were published (Underhill, 1941).

In 1932, the 318t Yearbook of the National Society for the Study of
Science Education emphasized a teaching methodology based on conceptual
learning rather then memorization of scientific facts. In highlighting
the necessity of science education, the Yearbook defined the need for a
specific scope and sequence throughout the entire school curriculum. The
landmack publication greatly contributed to the advancement of acience as
a regular component of the elementary curriculum (Smith, 1975).

As science progressed rapidly at the elementary school level auring
the 1930s, numerous science textbook Series were published. Between 1940
and 1950 most elementary schools began using science textbooks with
standard content (Harbeck & Marcuccio, 1978). The dominant purpose of
these texts was to tranamit factual knowledge. Underhill (1941) discussed
the weakness of these early science textbook publications:

The emphasis is almost wholly on the knowledge of facts. Very little

is suggested by the material itself in the way of discipline or mind

training of any sort, or the development of powers or faculties,
although of course, educators who support the use of such materials
do so in terms of such theories of mental development. Even the
question-and-answer form degenerates into a catechism type of
questioning which leads almost inevitably to a process of memor:-

zation. (p. 50»

Although exper imental activities were included in the first science text-
book publications, the exercises merely required students to replicate
textbook procedures rather than usé investigative inquiry (Harbeck &
Marcuccio, 1978),

New emphasis was placed on the higher levels of cognition when

Bloom (1956) published a taxonomy for classifying educational goals and
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objectives. His hierarchical scheme was based on the premise .nat simple
concepts become incorporated with other equally simple concepts to form
more complex concepts. The resulting concrete-to-abstract progression in
cognition found suppor. in Piaget’s (1970) psychological principles of
cognitive deveiopment.

Concurrently with Bloom’s publication, the launch:ng of Sputnik I by
the Soviet Union 1n 1957 initiated the shift of emphasis from learn:ng
content to learning process. Because science eagucation was considered
imperative for our national security, federal funds were appropriated
through the National Science Foundation to revise elementary science
curricula. Pedagogical methodology in science shifted from traditional
memorization of factual information to an inquiry/discovery mcde of
learning (Hunkins, 1972). The process skills of science Jere taught
through manipulative materials. The 59th Yearbook of the National Society
for the Study of Science Education strongly advocated teaching process
skills through inquiry or discovery lessons (Smith, 1975). Science was
regarded as a method of problem solving that could be learned without
teéxtbooks,

The activity programs that emerged during the National Projects Era
of the late 1960s and 1970s represented a departure from the traditional
drill-and-practice procedure in science education. Programs such as
Science--A Process Approach (SAPA), Elementary Science Study (ESS), and
the Science Curriculum Improvement Study (SCIS) were nontrad:tional in the
sense that they: (a) were activity-based, utilizing lab materijals rather
than textbooks; and (b) were process-oriented, emphasiziig the applica-
tion of science knowledge (Shymansky, Kyle, & Alport, 19R3).

For a brief period following the intraduction of new science
curricula, critical thinking received prominent emphasis in the

professional )jiterature. However, a limited amount of research has been
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conducted to detecmine the influence of Bloom’'s (1956) cognitive mode! on
elemeitary science textbook content. No published research has been done
specifically for determining the cognitive levels of test i1tems which
accompany elementary textbooks. This study will present an analysis of
the cognitive levels of test items that ac ompany seiected elementary

Science texi{books.

Kkationale for the Study

The textbook remains the most widely used teaching tool in elementary
Science. Wright (cited by Mechling & Oliver, 1983) reported that an
overwhelming majority of all science classes use the basic text for
instruction. The National Science Foundation conducted an extensive study
of science classes and found that reading assignments and discussion
in{ mtion were limited to the science text (Smith, 1980, cited by
Mechling & Oliver, 1983). Textbook instruction is sc predgominant at the
elementary level that most of the allocated science time is devoted to
reading and answering questions from the science book. According to
Mechling and Oliver (1983), the most important decision made by school
districts is the choice of the science book; curriculum and instructional
methods are dictated by the text.

The dependence on textbooks for science instruction presents an
educational problem. Teaching and learning strategies which foster
critical thinking ekil1s often are neglected i1n the traditional textbook
afproach. Objectives which facilitite higher order thought processes are
not utilized by writers in creating textbook questions, student
activities, and tests (Harksberry..HcCarter. & Noyce, 1969). Concerning
the prefe. . state of elementary science, Johnson (1982) wrote: *While it

is desired that elementary school science be taught with real alterna-




tives, real problems, and concrete materials, there s evidence that
Science is taught in a didactic manner using a single text* (p. 7).

During this century science teaching has reflected one of two
Instructional approaches: the product or the process orientation. The
Product approach encompasses teacher-centered lecture and recitation of
factual knowledge (Lapp, 1980). Textbooks are the core of this approach;
learning is equated with memorization of knowledge contained in the
Science book rather than participation in experiences which 1nvolve
analysis, synthesis, and evaluation (Mechling & Oliver, 1983). Except for
a brief encounter with the innovative curricula of the 1960s, the product
approach has been the predominant practice in elementary schools.

The process-oriented approach encourages problem solving through
critical and divergent thinking. Activity-based science, inquiry, experi-
mentatior, and process science are central to this method. In this
approach, science is considered a method of Solving problems rather than
a body of knowledge (Horak & Roubinek, 1981). This approach was
conceptual ized by Dewey (1916) and later accentuated by prominent
educators such as Bruner (1962), Gagne (1970), and Piaget (1970). ESS,
SCIS, and SAPA are innovative science curricula projects that reflect the
process-oriented theme. A survey of the research literature (Bredderman,
1983; Shymansky et al., 1983) reveals the positive effect of these
programs in facilitating critical thinking in science.

The differences between these two approaches reflect the discrep-
ancles that exist between the goals of elementary science and the
Instructional practices utilized to attain them (Smith, 1963). It is
clear that there are inconsistencies between actual and desired states
In elementary science (Johnson, 1982). The gap between theory and
Practice deserves attention, and necessitates an examination of the

questioning strategies included in science textbooks.
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Ouestioning is one of the most widely used teaching and learning
techniques. Several studies (Floyd, 1968; Hoetker, 1968; Stevens, 1912)
have shown that a tremendous portion of the school day 1s spent In
question and answer recitation. It was not until publication of Bloom’s
(1956) taxonomy and the launching of Sputnik that researchers and
educators became concerned about higher level questioning skills, Crump
(1970) commented on the poor quality of teacher questioning: “Yet is the
potential of the question being fully exploited? Although they have the
capacity of initiating critical and creative thinking, many questions
focus on memory of specific facts* (p. 657).

Research evidence (Haynes, 1935; Stevens, 1912) clearly indicates
that teachers have had a long history of posing a substantial amount of
factual-type questions. Studies conducted after the publication of
Bloom’s (1956) taxonomy reveal that the overuﬁelmlng majority of teachers’
questions require memory-convergent thinking rather than evaluative-
divergent thinking (Davis & Hunkins, 1966; Davis & Tinsley, 1967; Floyd,
1968; Gali, 1970). It must be recognized, however, that acquisition of
specific facts serve a valid educational purpose. To suggest that
teachers use only higher cognitive questions would diametrically oppose
the theoretical perspectives asserted by Bloom (1956) and Taba, Levine, &
Elzey (1964). 1Inherent in both cognitive models is the premise that low-
level, factual thinking provides the foundation which allows students to
draw inferences, fc.m generalizations, and make judgments. Facts,
therefore, should serve as a vehicle to enable students to engage in
critical thinking. Sanders (1966) elaborated on the purpose of facts when
he stated that teachers, in conceptionalizing a new unit of study, should
ask: “What are the must important generalizations that deserve to be

emphasized? What facts are necessary to develop these generalizations?*




(p. 21).

Factual knowledge represents a vital bullding block in the

problem-solving process; unfortunately, many teachers’ quest ions never go

beyond this inital step in thinking.

Bloom’s (1956) taxonomy prompted researchers to conduct experimental

studies to determine the effects of higher cognitive questions. Taba et

al. (1964) founc an extremely high correlation between the levels of

thinking demonstrated by pupiis’ answers and the levels of questions asked

by their teachers. Additional studies (Andre, 1979; Doak, 1970; Hunkins,

1969; Ladd & Anderson, 1970; Redfield & Rousseau, 1981) provide evidence

that the use of higher level questions promotes higher level thinking.

Because one of the major goals in elementary science education is to

foster problem-soiving capacities through independent critical thinking,

the concern for stimulating higher cognitive thought through appropriate

questioning strategies |s Justified. The literature suygests a definite

need to examine the content of elementary science textbonks with regard

to the types of questions included by writers for pupil evaluation.

Purpose_of_ the_Study

The purpose of this study will be to determine the levels of

questioning, according to Bloom’s (1956) taxonomy, generated by ({est

Items that accompany selected fifth-grade science textbooks.

Research_Quest ions

1. What levels of questioning are generated by test items included
in the end-of-chapter tests?
2. To what extent do the end-of-chapter test items in the basic

science books emphasize the higher levelg of questioning, as defined by

Bloom’s '56) taxonomy?




3. Are there significant differences among the basic science texts

studied in the number of knowledge-level and above-knowledge-level test

items included in the end-of-chapter tests?

Need for the_ Study

A study to determine the levels of questioning generated by end-of-
Chapter test items that accompany science textbooks 18 Justifiea for the
following reasons:

1. The science textbook approach is the most commonly used approach
for the teaching of elementary science.

2. End-of-chapter tests accompany most basic science series and are
available for teacher usage.

3. Authorities in the field of education agree that the use of
higher level guestions is essential to the development of higher level

thinking skills or critical thinking.

Assumpt i ons

The following assumptions are basic to this research study. First,
the use of higher cognitive questions facilitates the development of
higher level thinking skills (Hunkins, 1970). Second, end-of-chapter test
Items that accompany science textbooks are important guides for

instruction and evaluation (Sanders, 1966).

Limitations

Limitations of the study relate to specific aspects of questioning

not analyzed in this research. First, only end-of-chapter test items that
accompany science textbooks will be studjed. End-of-chapter questions

cont:ined in students’ textbooks or manuals and questions contained in

teachers’ editions for classroom use will not be Included in this
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research. Second, this study will be restricted to fi1fth-grade science
textbooks. Third, this research will be Iimited to state-adopted

textbooks for the states of Alabama, California, Tennessee, and Texas.

Definition_of Terms

For the purpose of this study, the following definitions will apply:

Basic_science textbook - A systematically organized presentacion of

science concepts and skhills presented in a series of books written by an

author or group of authors and presented by a single publisher.

End-of-chapter test - A science evaluation of accompanying textbook
material which is designed for systematic administration following each
chapter of ir ~.cuction, devised by the author(s) of the corresponding text
and presented by the corresponding pubiisher.

Bloom’s (1956) Taxonomy of Educational Objectives: Cognitive Domain -

A hierarchically ordered classification scheme for six levels of

questioning: knowledge, comprehension, arplication, analysis, synthesis,

énd evaluation.

Definitions of Bloom’s six levels of questioning are provided as
adapted by Grorlund (1978).

Low Level of Questioning (Gronlund, 1978):

Knowledge. Knowledge is defined as the remembering of
previousiy learned material. This may involve the recall
of a wide range of materiel, from specific facts to
complete theories, but all that is required is the
bringing to mind of the appropriate information.
Knowledge represents the lowest level of learning out-
comes jn the cognitive domain. (p.28)

Higher Levels of Questioning (Gronlund, 1978):

Comprehension. Comprehension is defined as the ability
to grasp the meaning of material. This may be shown by
translating material from one form to another (words to
numbers), by Interpreting material (explainiry or sum-
marizing), and by estimating future trends (predicting
consequences or effects). These learning outcomes go
one step beyond the simpie remembering of materijal,

and represent the lowest level of understanding.
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Application. Application refers to the ability to use
learned material 1n nev and concrete situations. This
may include the application of such things as rules,
methods, concepts, principles, laws ang theories,
Learning ouicomes in this area require a higher level
of understarding than those under cumprehension.

Analysis. Analysis refers to the ability to break down
material into its component parts so that its organiza-
tional structure may te understood. This may include

the identification of the parts, analysis of the rejation-
ship between parts, and recognition of the organization.|
principles 1nvoived. Learning outcomes here represent

a higher intellectual level than comprehension and
application because they require an understanding of

both the content and the structural form of the material.

Synthesis. Syathesis refers to the ability to put parts
together to form a new whole. This may involve *he
production of a unique communication (theme or speech),

a plan of operations (research proposal), or a set of
abstract relations (scheme for classifying information).
Learning outcomes in this area stress Creative behavijors,
with major emphasis on the formulation of new patterns
or structures.

Evaluation. Evaluation is concerned with the ability
to Judge the value of materiii (statement, novel,
poem, research report) for a given purpose. The
Judgments are to be based on definite criteria. These
may be internal criteria (organization) or external
criteria (relevance to the purpose) and the student
may determine the criteria or be given them. Learning
outcomes in this area are highest in the cognitive
hierarchy because they contain elements of all of the
other categories, plus conscious valye Judgments based
on clearly defined criteria. (p. 28)




ANALYSIS OF DATA AND RESULTS

The major purpose of this study was to determine the levels of
questioning generated by test i1tems inciuded 1n the end-of-chapter tests
that accompany selected fifth-grade science textbooks. Classification
of the test items was based on the six major categories included 1n
Bloom’s (1956) taxonomy: knowledge, comprehension, application, analysis,
synthesis, and evaluation.

Textbook information was obtained from the state departments of
education of Alabama, California, Tennessee, and Texas to obtain a rank
ordering of the fifth-grade science textbooks used most frequently in each
state. From that 1ist, the five series used most frequently for all
states combined were selected for ana'ysis. The five series studied were:

Silver Burdett_Science (1984), published by Silver Burdett Company; Hoit

Science (1984), published by Holt, Ri *hart, and Winston Company; Scott,

Foresman Science (1984), published by Scott, Foresman and Company; Accent

on Science (1983), published by Charles E. Merrill Company; and HBJ

Science (1985), published by Harcourt Brace Jovanovich Company.

Iraining of Raters
Prior to the actual classification of data, three raters were
prepared for the task through three training sessions. The training

involved a review of Bloom’s (1956) taxonomy and practice classification
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exercises included in Sander’s (1966) handbook, Classroom_Questions: What

Kinds? Each rater was presented with a training packet which i1ncluded the

following: (a) Taxonomy of Educational Objectives Handbook I: Cognitive
Domain (Bloom, 1956), (b) a 1ist of key werds used as criteria for item
classificaticn, (c) a sample test item classification form, and

(d) pertinent notes from Classroom Questions: What Kinds? (Sanders, 1966).

The scope of the initial training session focused on developing a common

framework of terminology and criteria needed for reliable classification.
The second training session involved classifying written questions

fron the chapter-end practice exercises in Sander’s (1966) Classroom

Questions: What Kinds? After independent ciassifications were made, the

raters compared their results and discussed the rationale for each classi-
fication. D:screpancies among the three judges were noted and discussed;
agreements were reached after further deliberation and.addltional review
of Bloom’s (1956) taxonomy and training notes. At the close of this
session, the raters reached 86% agreement on a random sample of 50 science
test items (10 from each textbook series) not included in the actual
classification study. Although this level met the predetermined level of
acceptable agreement, an additional training session wac held to provide
more experience with science test items from the five textbook series.
During the third session, the raters discussed each of the 50 test
1tems classified in the previous session and the rationale for the
category chosen. Of particular interest in this final session were

discrepant test items revealed in the prior classification. After
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. discussion, concensus was achieved on all test items in question.
Following this session, an additional pool of 50 science test items, not
Included in the previous training session or actual classification study,
was randomly selectea for further analysis. Interrater agreement reached
96% on A, sample, which exceeded the specified acceptable leve! of 85%.
Upon obtaining 96% interrater agreement, the classification of actual data

began,

Data Treatment

The sample consisted of a total of 500 science test items, 100 from
each of the five science textbook series. These items were randomly
seiected prior to the training sessions and extracted from all preclassi-
flcatlon training exercises and discussions. In categorizing the data,
the three raters used training packets and the key word 1ist
to independently classify each of the S00 test |tems.

The interrater agreement achleved during the actual clasuification
study reached 88%. The remaining test items (12%) were classifled accord-
Ing to the assignment of the majority of raters. In all cases where two-
out-of-three agreement was used, the discrepant rater had assign.d the
test item to a category adjacent to the one chosen by the majority of
raters,

To represent the data; answer the research questions; and test the
Proposed hypotheses, the study utilized bar-graph comparisons, fregquency
distribution tables, and a series of chi-square statistical analyses.

The chi-square procedure was employed to determine whether the distri-

bution of observed frequencies differed from that expected by chance.




Findirgs

Research Question 1

The first research question asked: What levels of guestioning are
v2nerated by test items included in the end-of-chapter tests? In order
to answer this question, the following null hypothesis was tested: There
is no significant difference between the frequencies of end-of-chapter
test items classified at the knowledge-level and above-knowledge-level of

questioning for all textbooks combined.

Each test item chosen for classification was rated independently by
the three trained analyzers. The results of the ratings were compared and
the test item was placed in the category ascribed by the majority of
raters., Table 1 reports a frequency distribution of the results of this
classification. These results are represented in a bar graph in Figure 1.

Inspection of these data indicate that the majority of test |tems
that accompany these five series were classified in the know| edge
catgegory, the lowest of Bloom’s (1956) cognitive domains. The overall
frequency distribution and percentage tabulation reveals that of all 500
Items randomly selected for analysis, 61% dealt with knowledge. The
second largest percentage of items was categorized as comprehension (34%).
Only 5% of the test items fell into the application category. Neither
the anaiysis nor synthesis questioning level was represented in ihe five
textbooks: only one evaluation test item existed. Collectively, results
of the classification demonstrate that, with the exception of the one
evaluation test item, only the first three levels in Bloom’s (1956)

cognitive domain were represented by the textbooks studied.
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Although .hese findings indicate that the total observed frequencies
were largely in the knowledge category, comparisons between tndividual
textbook distributions yield important diffcrences which should be
discerned. The Scott, Foresman series, for example, contained the largest
percentage of knowledge-level test items. The next largest percentage of
knowiedge-level test items was demonstrated by the Silver Burdett and
Harcourt Brace Jovanovich series, respectively.

The series analyzed in this study differed vastly with respect to
the comprehension category. The data show that the Holt Science series
contained the largest percentage of comprehension items. Merrill
Possessed a similar distribution with the next highest percentage of
comprehension jtems and the lowest percentage of knowledge-level jtems.
In comparison with the other texts, Merrill‘s emphasis was different in
the area of application; 14% of its items fell into that category.
Merrill is the only series that had any of its test items rated
as evaluation; one item necessitated an evaluation or Judgment on the
Part of student based on external criteria. Of major note is the
finding that among the five series studied, no analysis or synthesis test
items existed, and only one item was classified under evaluation.

A chi-square goodness of fit analysis was calculated to deter-
mine if the observed differences between the total frequencies of the
combined textbooks’ test items (knowledge-level vs. above-knowiedge-level)
departed sjgnificantly from those expected by chance. The following

results were obtained:
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0 E 0-E (0-E>* T E
Know] edge 304 250 54 2916 11.664
Above-Knowledge 196 250 -54 2916 11.664
X*= 23.328
X*(1) = 23.328; p < .001

Because the calculated chi-square value of 23.328 exceeds the
critical chi-square value beyond the .001 level, the null hypothesis is
rejected. This statistic indicates that the distribution of total .
frequencies for knowledge-ievel and above-knowiedge-level test items for

all series combined departed significantly from a distribution based on

chance.

Regearch_Question_2

The second research question asked: To what extent do the end-of-
chapter test items In the basic science book3 emphasize the higher levels
of questioning, as defined by Bloom’s (1956) taxonomy? To determine the
extent to which the test items in the selected science books emphasize
the higher levels of questioning, results of the data were dichotomized
into two major categories: lower level and higher level. Thus, lower
leve] test items refer to Bloom’s knowledge level, and higher level items
represent levels two through six in the hierarchy.

By collapsing the comprehension, application, analysis, synthesis,

and evajuation levels into one major category, it 18 possible to analyze
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the emphasis of each science series on understanding and using science
Information (higher level) as compared to rote memorizat jon (lover level).
The resulting data were tabulated and percentages were calculated (see
Table 2 and figures 2 - 6). These results indicate that, even when
Bloom’s cognitive levels two through six were combined for examination,
the ‘lower level of questioning represented the largest percentage of test
items. It should be noted that the overwhelming majority of higher level
test items were categorized as comprehension, the lowest level of under-
standing.

The relatively low emphasis placed on higher level questioning (39%
overall) reveals interesting similarities and differences among the
Series studied. The Holt and the Merril| series had a generally even
balance of lower level and higher level test items. Both series had
slightly larger percentages of higher level than lower level items:

however, there were differences in the distribution of items in the higher

level category. As shown in Table 2, Merrill placed a heavy emphasis on

higher level test items (58%). Close inspection of the distribution of
Merrill‘s test items reveals that 14 out of 58 higher level questions
(24%) represented the application cavegory. In contrast, Holt, the series
with the next largest percentage of higher level items, had only two
application questions which represented 3% of the total: the remaining
questions in the higher level category were comprehension.

The Harcourt Brace Jovanovich and Silver Burdett series demonstrated
the next largest percentages of higher !evel questions, respectively. An
analysis of the higher level questioning categories for these series

shows that the clear majority of the items were classified under




camprehension. Of the 36 higher level items in the Harcourt Brace
Jovanovich series, 8 (22%) were judged as application jtems. Silver
Burdett had only one application item. The Scott, Foresman series
contained the lowest percentage of higher level questions. The higher
leve] category in this series was comprised of 17 comprehension items and
one application item.

When considering the overall percentages of highe: level questions,
the Merrill and Holt series gave greater emphasis to this category than
did the other series studied. It is worth noting again, however, that in
these five textbooks the majority of higher level questions were classi-
fied as comprehension. Relatively few higher level questions were
application and only one was classified in the three highest levels of

Bloom’s (1956) taxonomy: analysis, synthesis, and evaluation.

Research Question_3

The third research question asked: Are there significant differences
among the basic science textbooks studied in the distribution of
knowledge-level and above-knowledge-level test items included in the
end-of-chapter tests? The second null hypothesis was tested to answer
research question 3: There are no significant differences among the basic
science text-books studied in the distribution of knowledge-level and
above-knowledge-level test items included in the end-of-chapter tests.

To determine if there were significant differences among the basic
science textbooks studied in the number of knowledge-level and above-
knowledge-level test items, a chi-square test of independence was per-

formed. The calculation consisted of two steps. First, a § x 2 matrix
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(Textbook Series x Knowledge-Level! and Above-Knowledge-Level Questions)

was established to determine whether the distribution of one variable
(textbook series) was independent of the second variable (test items).

The overall 5 x 2 chi-square test yielded the following results:

(0-E)*
0 E 0-E (0-E)* E
|
Silver Burdett KL 67 60.8 6.2 38.44 .632
Silver Burdett AKL 33 39.2 -6.2 38.44 .980
Holt KL 49 60.8 -11.8 139.24 2.290
Holt AKL 51 39.2 11.8 139.24 3.552
Scott, Foreaman KL 82 60.8 21.2 449 .44 7.392
Scott, Foresman AKL 18 39.2 -21.2 449.44 11.465
Merril) KL 42 60.8 -18.8 353.44 5.813
Merrill AKL 58 39.2 18.8 353.44 9.016
Harcourt Brace KL 64 60.8 3.2 10.24 .168
Harcourt Brace AKL 36 39.2 -3.2 10.24 .261
Note: KL = Knowledge-Level X*= 41.5716
AKL = Above-Knowledge-Level

X*(4) = 41.57; p < .001




Since the calculated chi-square value (41.5716) exceeds the critical
chi-square value beyond the .001 level, the two variables (textbook
series and test items) are not independent (i.e., a significant rela-
tionship is indicated). This reveals that the distribution of test items
(knowledge-level and above-knowledge-level) for the five textbooks series
depart significantly from that expected by chance, indicat ing that some
textbooks had a significantly greater percentage ot hféher level test
Items than others. On the basis of this calculation, the null hypothesis
Is rejected.

Second, a series of post hoc analyses were necessary to determine
where these differences in frequencies of the ' vels of test items
existed; therefore, ter 2 x 2 chi-square calculations tested whether
the difference in the distributions of knowledge-level and above-
knowledge-level test items was statistically significant. The results
of these comparisons are presented in Table 3.

As Table 3 evidences, the series of 2 x 2 (Textbook Series x
Knowledge-Level and Above-Knowledge-Level Items) analyses produced several
significant results concerning the number of above-knowledge-leve! test
Items. A statistically significant difference was indicated between the
Merrill series, which had the most above-knowledge-level items, and three
of the series analyzed. A highly significant difference was observed
between the Merrill and Scott, Foresman series (X = 39.95; p<.001).
Also, a significant difference beyond the .001 level was noted between
the Merriil and Silver Burdett series (X =12.60). The compar ison between

the Merrill series and Harcourt Brace Jovanovich serjes yielded a chi-
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Square value of 9.71, which was significant beyond the .01 level. No
significant difference was found between the Merrill and Holt series.

Interpretation of Table 3 frrther indicates that a gsignificant
difference existed between the Holt science series, which had the second
largest number cf above-knowledge-level items, and three series studied.
The comparison of Holt’s distribution of test items to Scott, Foresman’s
distribution resulted in a significant (p < .001) chi-square value of
24.09. When compared to the Silver Burdett series, the Holt series had
a significantly (p < .01) greater number of above-knowledge-level test
items, as evidenced by the chi-square value of 6.65. A significant
difference beyond the .05 level was noted between the Holt and the
Harcourt Brace Jovanovich series.

In addition to the aforementioned results, Table 3 reveals two
additional chi-square comparisons which reached significance. The
Harcourt Brace Jovanovich series had significantly (p < .01) more above-
knowledge-level items than the Scott, Foresman series (X2= 8.21). When
the above-knowledge-level jtems were compared between the Silver Burdett
and Scott, Foresman series, a significant difference beyond the .05 level

was found.

Summary

The results of the classification of 500 science test items according
to Bloom’s (1956) taxonomy indicate that a preponderance of knowledge-
level items existed across the five series studied. The combined
frequency distribution and percentage tabulation demonstrate that 304

(61%) test jtems emphasized knowledge, the lowest jevel of Bloom’s

24




hierarchy. The textbooks included more knowledge-level test items than all
other items combined. Bloom’s comprehension category accounted for 169
(34%) of the items under study. A total frequency cf 26 (5%) application
items existed. Noticeably absent from the frequency distribution were
Bloom’s three highest levels of cognition; no analysis or synihesie items
were found and only one evaluaion item existed. The chi-square goodness
of fit statistic, which compared the .requencies of knowledge-level and
above-knowledge-level items for all textbooks combined, resulted in a
significant (p < .001) chi-square value of 23.3287. On the basis of this
finding, the first null hypothesis was rejected.

By dichotomizing the resulting data into lower and higher levels of
questioning, it was determined that the Merrill and Holt series possessed
slightly greater percentages of higher level questions. Of the 58 higher
level questions from the Merrill series, 14 (24%) were application; the
remaining higher level questions represented the comprehension category.
Two of the S1 higher level questions from the Holt series were
application; all remaining questions fell into the comprehension category.
In the otper three textbooks analyzed, the lower level of questioning
represented the largest percentage of test items.

To answer the third research question, two steps were necessary.
First, a chi-square test ot independence of two variables (Textbook Series
vs. Test Items) was calculated. In the overall 5 x 2 test, a chi-square
value of 41.5716 was obtained, which was significant beyond the .001
level. Second, a series of 10 post hoc analyses were needed to compare

all possible combinations of textbook series to determine where the
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differences in distributions existed. These comparisons showed that

the Merrill and Holt textbook series poscessed the greatest number of
above-knowledge-level items as compared with the other series studied.
When these two series were compared, no statistically significant
difference was indicated. In all L.her 2 x 2 analyses, however, the
Merrill and Jolt series Included significantly more above-knowledge-level
test items than did the other science series. The Scott, Foresman series
was found to contain the fewest above-knowledge-level items as compared
with the other series. In all cases, the Merrill, Holt, HBJ, and Si'ver
Burdett series contained significantly more above-knowledge-ievel test
items than the Scott, Foresman text. On the basis of these findings, the
second null hypothesis, which stated that there would be no significant
differences among the basic science textbooks studied in the distribution

of knowledge-level and above-knowledge-level test items, was rejected.
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SUMMARY, FINDINGS AND CONCLUSIONS, IMPLICATIONS,
AND RECOMMENDATIONS

Summary

The elementary science curriculum must acdress real-1:fe experi.nces
that foster the development of problem-solving skills and provide
students with opportunities to apply the scientific method. Since the
ability to think critically is a desired outcome of the science program,
and elementary teachers rely heavily on textbooks as the primary source
of science instruction, elementary science textbooks and accompanying
resource materials, such as tests, must be analvzed to determine their
abllity to stimulate higher levels of thought.

This study sought to determine the cognitive levels of guestioning
displayed by test items contained In the chapter-end tests that accompany
selected fifth-grade science textbooks. Additionally, this research
examined the extent to which each basic series emphasized the higher
levels of questioning and what significant differences, if any, existed
among the texts in the number of knowledge-level and above-knowledge-level
test items.

The sample of materials examined in this study included the five most
widely used fif*h-grade science textbooks from the states of.Alabama.
California, Tennessee, and Texas. Data were derived from 500 test items,

100 randomly selected from each textbook. After obtaining a 96%.interrater
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agreement on training materials, three raters Independently classified

the 500 \.ems according to the major categories included in Bloom’s (1956)
taxonomy. Results of the classifications were analyzed and presented

in frequency distribution tables and a series of bar-graph compar i sons.

The chi-square statistic was selected to test the oroposed hypotheses.

Findings_and_Conclusions

The first research question sought to determine the cognitive levels
of questioning revealed by test items included in the end-of-chapter
tests. Corresponding to this question, the following null hypothesis was
tested: There is no significant difference between the frequencies of
knowledge-level and above-knowledge-level test items for all textbooks
combined.

A total of 304 (61%) test items in the textbooks studied was judged
as n"owledge. The textbook series contained 169 (34%) comprehension items
and only 26 (5%) application items. Items representing the analysis and
synthesis categorles were nonexistent in the distribution; only one
evaluation item was found. The goodness of fit comparison of knowledge-
and above-knowledge-level test items yielded a significant (p < .001) chi-
square value of 23.3287; therefore, the first null hypothesis was
rejected.

When examined collectively, the five textbooks present significantly
more knowledge-leve: than above-knowledge-level test items. Therefore,

It is concluded that end-of-chapter tests that accompany selected
science textbook series predominantly emphasize mere recall or

recogn!tion of isolatec bits of factual information. Because these
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findings parailel those from earlier studies (Davis & Hunkins, 1966;
Pteiffer & Davis, 1965) conducted during the post-Sputnik period of the
1960s, it is concluded that little or no change has occurred over

time concerning the cognitive emphasis of textbook questioning. Further-
more, the heavy concentration of knowledge-level questions corresponds
with other research conducted in elementary science (e.g., Arnold et al.,
1973), thus indicating that science questioning remains factually
oriented. The cognitive range of questioning displayed by the five
textbook series is restricted to the lowest three categories of Bloom’s
(1956> hierarchy. This finding demonstrates a weighting of items towarc
the base of the taxonomy and a decreasing quantitative ordering of
knowledge, comprehension, and application jtems. The distribution further
reveals that the textbooks analyzed in this research place no emphasis on
Bloom’s upper three taxonomic categories; therefore, it is concluced that
these textbook publications display a uniform neglect of the highest
questioning levels: analysis, synthesis, and evaluation.

The second research question focused on the extent to which the test
items In the basic texts emphasized the higher levels of questioning.
Levels two through six of Bloom’s (1956) taxonomy were combined and
percentages were calculated. By collapsing the upper five levels into
one major category, textbooks were examined according to their emphasis
on understanding science information Chigher level) as compared to memori-
zation (lower level). Overall, the five series overwhelmingly stress
lower level questions. However, this analysis revealed that two series,

Merrill and Holt, inc 'de slightly greater percentages of higher level
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questions than lower.

It is concluded that the Mer:i ‘1l and Holt series possess generally
balanced disbursements of lower ard higher level questions on
end-of-chapter examinations. Based on these resuits, it is surmised
that the Merrill and Holt series place far greater emphasis or higher
level questioning than do the other textbooks studied, thereby exposing
students to cognitive stages other than mere recaii. When these two
textbook series were compared, however, one notable difference emerged.
Merrill includes more opporiunities than Holt for studernts to respond to
test items requiring the application of scientific concepts to real-life
situations. In contrast, only three of Holt’s higher level questions fall
into the application category. Since the clear majority of higher level
questions demonstrated by Merrill and Holt tests are comprehension, it
Is concluded that both series, although equal in their representation
of lower and higher level questioning, focused primarily on the lowest
level of understanding.

The third regearch question compared all possible combinations of
textbooks series in order to determine whether significant differences
existed in the distributions of knowledge- and above-knowledge-level test
Items. The following null hypothesis was tested: There are no significant
differences among the basic science textbooks studied in the distribution
of knowledge-level and above-knowledge-level test items included in the
end-of-chapter tests.

The chi-square test of independence of two variables (Texthook Series
x Test Items) resulted in a significant (p < .004) chi-square value of

41.5716. Because this finding reveals that some textbooks posesae
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significantly greater percentages of higher level test jtems than others,
the null hypothesis was rejected.

Interpretation of each post hoc 2 x 2 analysis revealed significant
differences between the Merrill and Holt series and all other series
examined in the study. No significant difference was evidenced, however,
between Merrill and Holt. Additionally, significant differences were
found in two other comparisons: (a) Harcourt Brace Jovanovich and Scott,
Foresman; and (b) Silver Burdect and Scott, Foresman.

Based on the results of these data, it is concluded that both the
Merr!l] and Holt series contain significantly more above-knowledge-level
Items than Harcourt Brace Jovanovich, Silver Burdett, and Scott, Foresman.
The greatest discrepancies exist in the Merrill and Scott, Foresman
compar ison and the Holt and Scott, Foresman comparison. Also, rather
large discrepancies occur in the analyses comparing Merrill to
Silver Burdett and Holt to Silver Burde‘t.

Ar overall conclusion from these post hoc analyses is that the
Merril] and Holt tsxtbooks are significantly superior to the other series
studied in their emphasis of above-knowledge-level test items. Since
every comparison with Scott, Foresman reached significance, a rather
obvious conclusion is that Scott, Forearan possesses significantly fewer

above-knowledge-level items that the other four textbook series examined.

Implications

The implications derived from the findings of this research are based
on two fundamental assumptions. First, the use of higher order questions

stimulates critical thinking. As noted by Taba (1964), questions are
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central to the jinstructlonal process and can be arranged in a simple-to-
complex progression for the purpose of elevating student thought to

higher levels. Indeed, much research evidence has veried Taba’s premise.
Since the inception of Blaom’s (1956) taxonomy, much scholariy literature
has supported its use as a means to plan purposely and incorpoprate
questions representing a variety of cognitive levelis (Gall, 1970).
Abundant research evidence has highlighted the need for teachers to
Inciude Bloom’s upper three taxonomic levels to enhance critical thinking.
Second, tests that uccompany textbooks are important guides to instruction
and evaluation (Billings, 1970; Sanders, 1966).

Based on the assumption that the test jtems analyzed in this research
are representative of all items in the five textbooks studied, and the
five science textbooks selected for study are representative of all
science texthooks, one rather obvious implication is that higher order
thinking skills are not elicted by end-of-chapter tests that accompany
ecience textbooks. It 18 recognized that the acquisition of knowledge
precedes functioning at higher cognitive levels; however, the emphasis on
knowledge demonstrated by these tests is excessive and indicates tiat
elementary science students have little or no encouragement, at least op
published examinations, to understand and apply information. If exposing
Students to higher order thinking skills through a balance of higher
cognitive questions is an integral part of elementary s.ience, none of the
end-of-chapter tests are desirable. A lesser goal might be to provide
students with cognitive experiences other than rote memor1zation, while

not necessarily concentrating on the upper three levels in Bloom’s (1956)
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taxonomy. 1In this case, all textbooks examined in this study rate
extremely low except Merrill and Holt. While tests from these Series

fail to emphasize analysis, synthesis, and evaluation, they do focus
Primarily on some form of understanding (comprehension and application).
Though significant differences exist between the Merrill and Holt series
and all other series studied, these are attributed to differences shown in
the comprehension and knowledge !evels, the lowest two categories in the
hierarchy,

These findings have broader implications concerning the instructional
Process in general and, more specifically. elementary science teaching in
the 1980s. It is recognized that ready-nade tests that accompany
newly acquired science textbooks tend to become guides for instruction as
well as evaluation. Designed to be administered afier each chapter of
Instruction, theue tests quickly become the focus of the science
experl.ace. Some teachers, particularly those with little confidence in
their science instruction, refuse to deviate from a textbook-approach and
feel compelled to adhere strictly to the lock-ster instruction and
evaluation techniques that accompany recent publications. Similarly, the
rigid testing movement currently underway in our nation‘s schools
encourages the use of traditional methods in science. Concern for science
achievement as measured by standardized achlevement tests |imits the
majority of elementary science classes to the textbook and accompany ing
materials (Smith, 1980, cited by Mechling & Oliver). Therefore, based on
the assumption that evaluation is representative of instruction, the

findings of this research infer that science instruction as well as
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evaluation focus on little more than remembering facts.

Also, the findings from this Study should be considered in view of
the commonly held objectives of elementary science. Although it was
beyond the scope of this research to analyze the goals and objectives

Inherent in the science series, the findings regarding the cognitive

levels of science textbook examinations suggest a vital dimension relative

to science textbook publishers. The five series selected for this

study inciude scope and sequence charts that 1ist the basic scjence
concepts covered in each textbook. A review of the teacher’s edition of
each series reveals a listing of higher order skills such as making
Inferences, torming hypotheses, drawing conclusions, and the like.

Silver Burdett Science (Ackerman et al.,1984), the most widely used series

in each state included in this study, makes the fnllowing claim: *The
basic thinking skills emphasized in the Silver Burdett Science program are
summarized in the chart below. The skills are divided into three malor
areas, based on Bloom’s taxonomy of thinking skills* (p. 29). In addition
to a thorough explanation of the process ski}ls of science, the Scott,
Foresman teacher‘’s edition includes the following statement in describing
the series: "Effective questioning 1s essential . ., . Open ended questions
stimulate a creative exchange of ideas. Asking questions that require
little reasoning or a simple yes or no answer is not a true evaluation of
understanding" (p. 28).

The goals and objectives outlined by the aforementjoned textbook
Series are ironic in view of the evidence gathered in this study,

Particularly because these two textbook series demonstrate the highest

percentages of knowledge-level jtems. The cther series studied make




similar proclamations concerning thelr respective emphasis on critical
thought processes and thought-provoking questioning.

The five textbook series, in varying degrees, attempt to include
Some experiences representative of the upper three leveis in Bioom’s
hierarchy. Examples of such experiences include teaching activities,
experiments, chapter inserts for independent enrichm-nt, and even
questions in the teacher’s edition for classroom discussion. Likewise,
the charts of science obsectives corresponding to each of the five science
series contain terminology related to complex process skills and Bloom’s
application, analysis, synthesis, and evaluation categories. Since the
purpose of published examinations is to assess the degree to which stated
goals and objectives are met, it is expected that test items would
correspond to the varying cognitive levels exhibited in terxtbook skill
Charts. However, the tests measure primarily the recall of facts. This
finding reveals that a discrepancy exists between publishers’ preferred
goals of elementary science and the instruments that measure the
accomp] ishment of science goalS. The results of the data imply that there
Is a disunified approach to include the higher cognitive processes in
science textbooks, thus supporting the premise that a gap exists between
science theory and actual practice.

Finally, it must be noted that these textbook examinations reflect,
to some extent, the preferences of the majority of classroom teachers.
Most textbook adoption presentations begin with survey data reflecting
teachers’ opinions concerning the desired format and accompany ing

materials for sc:cice textbooks. Based on the assumption that science




textbooks adequately reflect teachers’ opinions, it is implied that
factually oriented tests are preferrgd by the majority of elementary
teachers. Perhaps this inference further highlights the insecurities
elementary teachers possess about sclence instruction. It is more likely,
however, that the strong dependence upon supplementary textbook materials,
Such as tests, stems from the fact that they are scored easily and
Quickly, thereby reducing the teacher’s workload. In either case,
students are the beneficiaries of an unstimulating science experience
absent of any real-life application.

It must be remembered that tests and grades greatly influence the
image of science that students take with them from elementary school. 1f
successful science is -~~yated with the ability to memorize a given
body of knowledge, pupils are deprived of a challenging intellectual
Climate. The data obtained in this study imply that students can
master these tests without experiencing any true understanding of the
scientific principles involved. Developing higher levels of understanding
requires a more logical progression through all taxonomic levels and more
attention to the levels of application, analysis, synthesis. and

evaluation.

Recommendations

The results of this study should be particularly beneficial to
science publishers in planning and developing textbook quest ions,
especially those desigred for student evaluation. Also, this study should

aid those who serve on state and local textbook selection committees in




critically assessing science texts and accompanying materials during the

adoption process. Further, preservice teacher education programs as wel|
as practicing classroom teachers should find the data useful in examining

current questioning strategies in elementary science and developing

teaching and evaluation techniques sensitive to all cognitive levels in

Bloom’s (1956) taxonomy. Recommendations from the results of this
research acd ess: textbook publishers, textbook selection committees,

preservice teacher educators, and classroom teachers, respectively:

1. Sclence textbook publishers should attempt to Include a logical
progression of science test jtems reflective of all six levels in Bloom’s

(1956) hjerarchy.

2. Publishers should make a deliberate effort within each unit of
study to correlate the varying cognitive lavels of textbook objectives,
activities, questions, and test items for the purpose of creating unified
experiences that represent a balance of cognitive levels.

3. In addition to tests that emphasize all cognitive levels, science
textbook publishers should include corresponding resource materjals,
relative to each unit of study, that engage students in substantjal
practice with comprehension, application, analysis, synthesis, and
evaluatjon questions.

4. Textbook selection committees should become familiar with
research concerning the cognitive levels of questions uscd by classroom
teachers, questions iIncluded in textbooks, and questions included on

examinations, as well as the research related to the effective and logical
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use of questioning.

5. During the examination process, textbook selection commlttees
need to analyze the questioning style of each textbook series in light of
the previous research findings; a well-balanced cognitive approach to
questioning, in textbooks and accompanying materiais, should be jnciuded
In the criteria for adoption.

6. Textbook selection committees should analyze critically the
claims proposed by textbook representatives concerning the higher levels
of questioning included in their respective series.

7. Preservice teacher educators need to emphasize research findings
and !nclude instruction on effective questioning techniques in methods
courses,

8. Activity-based programs such as SCIS, SAPA, and ESS should be
Included in the science methods courses as a means to promote student
awareness concerning effective science questioning.

9. Preservice teacher educators should provide instruction and
practical experiences in supplementing science textbook material,
Including tests, with higher level questions.

10. Preservice teacher educators should include micro-teaching
sessions that promote self-assessment and improvement of both oral and
written questioning techniques.

11. Teachers should become familiar with the various cognitive levels
of questioning and the research findings concerning the use of higher
level questjons.

12. Teachers need to critically assess the level of questioning




demonstrated by recent textbooks and accompanying tests and devise
supplementary questions, both written and oral, that facilitate the
development of the higher cognitive processes.

13. Teachers should consider the need for higher level questjons in
Planning science lessons; objectives and evaluation should promote
critical thinking through purposely planned discussion, activities, and

evaluation that inc.ude higher level questions.

Suggestiong_for_Additional_Research

Because questioning IS such a vital aspect of the Instructional
process, and higher level questions are essentjal in developing critical
thinking skills, further research needs to be conducted related to
questioning. The results of this study indicate a need for the following
research:

1. A similar study needs to be conducted in elementary science to
determine the cognitive levels of questions included in teacher’s editions
for classroom discussion and puplls’ textbooks for chapter-end review.

2. A study in elementary science should be conducted to determine
the relationships among the cognitive levels of questions demonstrated in
teachers’ editions, textbook activities, and end-of -chapter tests.

3. Additional research s needed to determine the relationship
between question level and response ]evel in elementary science.

4. A similar study should be conducted to determine the oral
questioning levels used by elementary science teachers.

S. More experimental studies are needed to determine the effects of
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higher level questions on student achievement, attitua., and interest in

elementary science.
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