Higher-Order Thinking Skills

in Mathematics Textbooks

Despite the lip service that publishers have given to
thinking skills, math textbooks have had a poor track

record for the last 25 years. Until this situation is
' rectified, educators are going to have to rely on

| supplementary methods and materials.

Barbara Marentetie

| dent of the National Council of Teach

tudent acquisiton of problem
S solving and higher-order think- |
ing skills has long been a goal of
schools in general and of mathematics
educators specifically. Thus, it is im
perative that the tools we use 1o teach
those skills be equal to the challenge
of this goal
In 1984 Steven Willoughby, Presi |

ers of Mathematics, averred that the
maost impaortant factor in d{'tcrmll'llru.{
what mathematics is taught is the text
book used.” Unfortunately, mathemat
ics texthooks are not doing enough o
actively involve students in the devel
opment, practice, and acquisition of
higher-order thinking skills

Analytical Tool and
Procedures

Based on a study of earlier schemes
for analyzing and evaluating texthooks
(Maxwell, 1921, Franzen and Knight,
1922; Fowlkes, 1923 NCTM Commit
tee on Aids for Evaluators of Text
hooks, 1965, Eash, 1969, Trueblood
and Jansson, 1973), I designed an anal-
ysis scheme to overcome some of
their weaknesses and 1o be consistent
with the needs of educational evalua
tors and purchasers. One such need 15
the availability of descriptive data to
use in their decision-making and se
lection process

Robert F Nicely, fr, s Assocuate Professor of
Education and Coordinator of Contin
ing Fducanon and Commeorwealth Rela
tions, The Pennsyivarua State [ niversin
Uninversity Park
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The analvtical tool consists of four
lists, which, when accompanied by
decision rules, enable analvsts to clas-
sify printed instructional materials ac-
cording to tvpe of content, level of
cognitive activity, stage of mastery, and
mode of response. Because of the
interest in higher-order thinking skills,
I will highlight only the “cognitive
level of student tasks” portion of the
analysis svstem. (See Nicely, 1970, for
complete descriptions of the other
three components. )

The cognitive level list contains 27
verbs grouped into nine categories
and arranged in an ordinal scale (Fig-
ure Each of the nine categories
(plus an additional category, “No Task,
Observe, Read™) was assigned a one-
digit code, and each verb was specifi-
cally defined so that analysts could
accurately classify the printed marterial
based on what it actually meant and
not necessarily what the textbook au-
thor might call . For instance, an
author might use “solve” to describe a
varietv of behaviors at different levels
of complexity

With assistance from two of my stu-
dents, I applied the cognitive level list
to the “complex numbers” portion of
secondary school mathematics  text-
books printed between 1961 and 1984,
and to the “decimals™ portion of ele-
mentary (grades 3 through 6) rext
books printed in the mid-1980s. These
comprehensive  mathematical  topics
allowed us to examine how the text-
book authors would actively imvolve
students at a variety of cognitve levels

Figure 1. Cogpnitive Verbs and Codes.
Levels and Codes Verbs
Level 0 No Task; Observe; Read
tﬁ; M:W;M‘CmtEM.m
t::elds Clluurc )lllulh*tbunpllm
‘ .
: Cnepdu : rc‘_n‘q:
A.bltrldl Describe
Level 6 Justify (Support); Explain (Interpret); Analyze
Level 7 (Theorize); Synthesize (Organize, Structure);
Generalize (Induce); Deduce
Level 8 Prove; Solve; Test (Experiment); Design
Level 9 Evalum

throughout the stages of readiness,
development, practice, demonstration,
overlearning, and enrichment, as a
mathematical concept was developed |
in its entirety

The textbooks selected were in
wide use across the United States and
were representative of textbooks that
were popular at the ume they were
printed. Because the National Advisory
Committee on Mathematics Education
(1975) had reported that students read
very little of the textual material in a |
mathematics textbook, we focused on
only those situations in the books
where students could be actively in
volved in their learming and make an
overt response. The Commitee had
found that textbooks were used pri-

marily as a source of problems

Results of Textbook Analysis
The 1900s My analvsis of the com-
plex numbers portion of the textbooks

published in the 1960s revealed that
the number of overt responses that
required some sort of cognitive proc-
ess ranged from a low of 210 to a high
of 961. The average number of oppor-
tunities for students to be actively in-
volved in learning this particular con-
tent was 458 instances per book.

In all of these textbooks, 62 percent
or more of the problemstasks were
iterative (level 2). The average amount
of iterative behaviors per book was
shightly more than 75 percent. Rela-
tively few behaviors, other than iterate.
appeared more than 10 percent of the
ume. One book had 18 percent at the
application level, while another had 11
percent at that level All others were
significantly lower in terms of applica-
ton and similarly complex behaviors.
Onlv one book had more than 3 per-
cent hvpothesizing and generalizaton.
and several books had no behaviors at
that level.
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Several textbooks had a variety of
(at least seven) cognitive levels, and
two had 12 to 15 percent of their total
behaviors in the areas of analysis and

justification, synthesis and generaliza-
tion, and proof. In contrast, one book
had 98 percent of student behaviors in
just one level—iterate. None of the

books had student tasks that required
evaluative (level 9) behaviors (Nicely,
1970 and 1981).

The 1970s. The analysis of the com-
plex numbers portion of textbooks
that were printed in the 1970s re-
vealed that the range of overt respons-
es that required some sort of cognitive
process ranged from a low of 112 10 a
high of 444. The average number of
opportunities for students to be active
ly involved in their learning about
complex numbers was 263 instances
per book.

In all of the textbooks, at least 66
percent of the problems/tasks were
iterative (level 2). The average amount
of iterative behavior per book was 81
percent. In only two books did behav-
iors other than iterate appear more
than 10 percent of the time. These two
books devoted 15 1o 17 percent of the
student tasks to behaviors at the cate-
gorizing level Only wo books had
many (5 to 8 percent) behaviors at the
analysis and justification, svnthesis and
generalization, and proof levels. One
book had 100 percent of student be-
haviors in the iterate level Again, no
books contained student tasks that re-
quired evaluative behaviors (Nicelv,
1984 )

The 19805 The analysis of the com-
plex numbers portion of the textbooks
published in the mid-1980s revealed
that the number of overt responses
that required some sort of cognitive
process ranged from a low of 216 10 a
high of 474 The average number of
opportunities for students to be active-
ly involved in learning this particular
content was 325 instances per book

In all of the textbooks, at least 77
percent of the problems/tasks were
iterative with the average amount of
iterative activity more than 86 percent
per book. Again, in only two books did
behaviors other than iterate appear
more than 10 percent of the time
These two books devoted 10 percent
and 12 percent of the overt student
tasks to behaviors at the prove level
No books contained opportunities for
students to operate at the highest lev-
el—evaluate (Nicely, Bobango, and Fi
ber, 1984).

Some trends are apparent across the
decades The density—or the number
of opportunities for students to be
actively involved in learning about
complex numbers—decreased sub
stantially from the 1960s to the 1970s
and then increased slightly in the
1980s—but not nearly 1o the extent
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that was evident in the 1960s (Figure
2)

Figure 3 illustrates how the relative
emphasis on lower-order (levels 1, 2,
3, and 4) cogmuve behaviors in-
creased from about 84 percent in the
1960s 1o more than 93 percent in the
1970s, and then decreased to 90 per-
cent in the 1980s There was a con-
comutant decrease in the emphasis on
higher-order (levels 5. 6. 7, and B)
cognitive behaviors—from 16 percemt
in the 1960s to 7 percent in the 1970s
and then to 10 percent in the 1980s
The recent texts show a shght in-
crease, although not a return to the
19605 level

To determine what happened with a
single textbook over time, we exam-
ined three texthooks, cach of which
was published by the same company
n all three decades and sull had at
least one of the original authors. Fig-
ures 4 and 5 illustrate the results

Figure 4 shows that the number of
problems in Book A increased in each
succeeding nme period, while the
number of problems requiring stu-
dent acuon in Book B decreased sub-
stanually from the 1960s 1o the 1970s

and conunued to decline slightlv into
the 1980s. The number of exercises in
Book C decreased from the 1960s to
1970s but then increased in the 1980s
edition o a level higher than that
found in the 1960s. However, it is still
lower in the 1980s than either of the
other two were in the 1960s

Figure 5 illustrates that the empha-
sis on lower-order cognitive behaviors
in all three books is similar to the
patterns described for all of the books
analyzed. In each case, the emphasis
on higher-order cognitive behaviors
decreased from the 1960s to the 1970s
followed by a slight upswing in the
1980s edition. Book A went from 23
percent to 1 percent w 19 percent
higher-order behaviors. Book B went
from 21 percent to 4 percent to 7
percent; and Book C went from 11
percent o T percent to 9 percent
There was a concomitant increase in
the number of lower-order behaviors
from the 1960s to the 1970s followed
by a slight decrease in the 1980s.
However, the relatuve amount of atten-
tion paid to higher-order behaviors is
still not at the level seen in the 1960s
editions

A new study (Nicely, Fiber, and Bo-
bango, 1984) indicated that recently
published elementary school mathe-
matics textbooks also tend to empha-
size lower-order cognitive behaviors
when teaching decimals. Most of the
problems designed for students in the
textbook series at the grade levels
analyzed were at the iterate level. With
one exception—a 3rd grade book in
one series—Iless than 14 percent of the
problems were at the application lev-
el. All four series offered enrichment
activities in grades 4, 5, and 6, but most
of these activities would require only
iterative behavior on the part of the
students

Comprehensive Mathematics
Instruction

The evidence gathered regarding math-
ematics textbooks supports Bloom's
(1984) contention that “"teachers in the
US. tpically use textbooks that rarely
pose real problems.” One corrective
measure would be for publishers to
employ instructional designers to
work with the mathematicians and
mathematics educators who write the
books. Instructional designers would
bring the technical competence need-
ed to develop materials that require
problem-solving and other higher-or-
der intellectual skills. The decision to
take such steps would be a major
financial nisk for publishers because
they are sensitive to the market and try
to provide what the consumers want.
The uncertainty lies with what the
educational market really wants. Is the
attention to problem-solving and high-
er-order skills just a fad, or is it here to
stav?

Are teachers, administrators, and in-
structional supervisors serious about
helping students acquire those impor-
tant skills? Goodlad asserted that the
schools in his studv did not appear to
be helping students develop those
abilities commonly listed as intellectu-
al development and that onlv “rarely
did we find evidence to suggest that
instruction was likely to go much be-
vond mere possession of information™
(1983)

If our goal is 1o help students ac-
quire higher-order thinking skills, then
teachers, curriculum committees, and
people responsible for staff develop-
ment will have to supplement the
commercially available textbooks as
they plan for effective mathematics
instruction.  Staff development pro-
grams (see the September 1984 issue
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of Educational Leadership) can be an
asset to teachers and supervisors who
value thinking skills, but our curricu-
lum and staff development efforts must
be reflected in comprehensive ap-
proaches that include an emphasis on
both instructional materials and the
teaching processes used.]

References

Bloom, B. 5. "The Search for Methods of
Group Instruction as Effective as One-to-
One Tutoring.” Educational Leadership 41
(May 1984): 4-17

Commintee on Aids for Evaluators of
Textbooks. “Aids for Evaluators of Mathe-
matics Textbooks The Mathematics
Teacher LVIII (Mav 1965): 467-473

Eash, M. ]. "Assessing Curriculum Materi
als: A Preliminary Instrument.” Education-
al Product Report 11 (February 1969). 18-
24

Fowlkes, | G Fraluating School Text-
bools. New York: Silver, Burdent and Com-

pany, 1923

Franzen, R H., and Knight, F B Text-
book Selection. Baltimore: Warwick and
York, Inc., 1922

Goodlad, | 1 "What Some Schools and
Classrooms Teach FEducational Leader-
ship 40 (April 1983); 8-19

Maxwell, C R The Selection of Text
hooks. Boston: Houghton Mifflin Company,
1921

National Advisory Commitee on Mathe-
matical Education. Overview and Analysis
of School Mathematics: Grades K-12 Wash-
ington, DC: Conference Board of the
Mathematical Sciences, 1975

Nicely, R F., Jr. "Development of Proce
dures for Analyzing Materials for Instruc-
tion in Complex Numbers at the Secondary
Level © Unpublished Ph.D  dissenation,
University of Piusburgh, 1970

Nicely, R F_ Jr "The Analysis of Mathe
matics [nstructional Materials: Concepts,
Procedures, Resulis ™ International Jowr
nal of Instructional Media 8, 3 (1980-81 )
221-232

Nicelv, R F, Jr 'Mathematics Instruc
tional Materials: A Decade of Change
International Jowurnal of Instructional Me-
dia 12, 2 (1984)

Nicely, R F., Jr, Bobango, | €., and Fiber,
H "A Darta-Based Method for Analyvzing and
Selecting Secondary Mathematics Text-
books.” Unpublished working paper, The
Pennsylvania State University, University
Park, 1984

Nicelv, R F Jr. Fiber, H, and Bobango,
I. €. "An Analysis of Cognitive Behaviors in
Selected Elementary School Textbooks
Unpublished working paper. The Pennsyl

vania State [Unmiversitv, University Park,
1984
Trueblood, C R, and Jansson, C “Mathe

matics Curriculum Projects: A Scheme for
Analysis and Comparison = Paper present
ed at the 51st annual conventon of the
National Council of Teachers of Mathemat
ics, 1973

Willoughby, 5 5 “"Mathematics for 21st
Century Citizens  Educational Leadership
41 (December 1983/ January 1984) 45-50

“a valuable resource. .."

the principal. . . "

instructional leadership”
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Michigan State University
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