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NATIONAL CENTER FOR EDUCATION STATISTICS

NAEPfacts
Calculators and Computers

NAEPfacts are brief reports that extract the results of data on a single topic from the National
Assessment of Educational Progress (NAEP); they are intendedfor elementary and secondary school
teachers and principals. NAEPfacts dexribe what educators, researchers, and policymakers have to say

about effective practice; provide information from NAEP about what actually takes place in schools; and
conclude with questions for discussion. They are not meant to prumote orprove any educational theory.

This issue of NAEPfacts is concerned with the use ofcalculators and computer technology in the
classroom. We hope that it will promote conversations among teachers, principals, parents, and other
interested parties about effective education. Readers' comments and suggestions are welcome.

The 20th century has been marked by scientific
advances that have had a profound effect on

American enterprises such as manufacturing,
business management, transportation, and
communications. We entered the century with a
horse-drawn caffiage; we leave it with spacecraft
probing the univere entered the century with
Pencil and Paper; we lcábit with computers able to
figure thousands of times faster than the human brain.

Technology has revolutioeized the education needs
of the workforce as it has revolutionized the
workplace. As a result schools that use ()lily pencil
and paper to teach mathematics, for example, are as
out of step with the times as those that wad use a
horse-drawn carriage to teach auto mechanics.

Yet, thew is little evidence that technology is used to
full advent:4p in the American schoolroom. In fact,
teachers report that 47 percent of 4th-graders and 22
paean of Sth-graders wen never asked to use a
calculator in mathematics class. This was a finding
of the 19c") NAEP assessment in mathematics.

Technology in the
Mathematics Classroom

rr he Naticeal Council of Teachers of Mathematics
(NCTM), a professional association of

classroom teachers, supervisors, educational
resealchea, teacher educators, and university faculty,
states that the very nature of the mathematics

curriculum must be changed to meet the needs of the

next century. Mathematics problems and the

methods used for solving than have changed with
technological advances.

The understanding and competent use of
technological tools are indispensable to U.S.
students. all of whom will have a role in the nation's
progress in the 21st cemury. Thus, NCTM
recommends expanded use of canputers and
calculators in schools.

In its publication, Curriculum and Evaluation
Standards for School Mathematics, NCTM
recommends that

Appropriate calculators be available to all students
at all times;

Every classroom have a computer for
&maturation purposes;

Every student have access to a computer for
individual and group work; and

All students learn to use the computer as a tool for
processing information and performing
calculatices to investigate and solve problems.

Further, students' understanding of mathematics
should equip them to know when and how to use the

various technologies for problem solving. "Students
should be able to decide when they need to calculate
and whether they require an exact or approximate
answer," NCTM says.

U.S. Department of Education
Office of Educational Research and Improvement NCES 92-060



Use of Calcukttors in
the Oauroom

Acalculator component has been a pan of the
NAEP mathemaks assessmaa since 19824

albeit a small part. To detamine how and to what
extent calculators actually are used in classroom
malice, the component was expanded in the 1990
alISCSSMCIIL

Calculators were used in the 1990 national
assessment of 4th-, and 12th-grade public and
private school students and in the Trial State
Assessment of 84h-grade public school sturknts.
Plurth-graders had the use of four-function
calculators and 8th- and 12th-graders the use of
scientific calculators for portions of the assessment.
Before they were tested, all of the students were
trained briefly in how to use the equipment.

NAEP collected information shout whether students
understood how to use a calculator, as well as when
to use one (see tables 1 and 2). NAM) also
cpiestioned and collected informatim from students,
teachers, and administrators about the availability
and use of calculators and computen in schools and
about school policies related to their use.

NAEP results show that NCTM' s recommendations
have not been implemented. According to their
teachers, only 3 percent of 4th-graders and 19
percent of &h-graders were permitted free and open
use if calculators; only 2 percent of 4th-graders and
34 percent of &h-graders were permitted to use
calculators when taking tests. A:. i, as indicated
earlier, teachers reported that 47 percent of
4th-graders and 22 percent of 8th-graders were
never asked to use a calculator in mathematics class.

Fourth-grade teachers tended to use calculators
somewhat more frequently in their high-ability
classes; 8th-grade teachers said they used them least
ftrquently with their low-ability classes. Although
there are some exceptions, more-proficient students
appear to have more opportunities to use calculators
than their less-froficient peers.

Use of Computers in
the Classroom

omputers can be used in a variety of ways in the
mathematics classroom. Teachers can take full

advantage of this technology by using computers to
teach such things as statistics, graphs, spreadsheets,
and ;apportions and tn encourage students to
undertake extended investigations of mathematical
ideas requiring higher-order thinking skills and logic.

Computers give students an opportunity to use
"handsen" techniques in problem solving. Perhaps
More imptiftant, they help students develop an
understanding of the processes and reasonins that are
dm heart of mathematical problem solving. Because
computers can be used in ways that parallel the
applicatirm of mathematics in the real world of
business wad industry, computer technology in the
classroom enhances practicality and students' interest.

Computers are expensive and finding the resources to
make them available for the use of students can be a
problem. NAEP asked school administrators and
pinchers about the availability of computers in
mathematics classrooms (see table 3).

School administrators and teachers appear to agree
that more 4th-grade than 8th-grade mathematics
classrooms have computers. Teachers reported that,
az grade 4, about one-third of students had at least
one computer in their classrooms. Teachers and
administrators reported that, at grade 8 and again at
grade 12, about one-fifth of students had at least one
computer in their mathematics classrooms.

Many schools have computer laboratories, and
school administrators reported thatacross the
gradesmore than half of students were in schools
where computers were available for classroom use
when needed. FOy-six percent of students in grade
4, 61 percent of students in grade 8, and 79 percent
in grade 12 were in schools with computer
laboratories.

If computers are to have an impact on mathematics
instruction end achievement, students must have
opportunities to use the equipment. NAEP,
therefore, asked teachers and administrators about
student use. Despite the availability of computers,
teacher repons indicated that access to them was
more limited,

Teachers and administrators reported that computer
access was difficult for thous lolf of the students at
grades 4 and 8. Teachrrs and students agreed that
school use of computers was greater at grade 4 than
at grade 8, but usage in general was quite limited. A
positive overall relationship was seen to exist
between the availability of computers and average
mzthematics proficiency at grade 4; this relationship
tended to hold across ability groupings at that grade
level. At grade 8. however, there appeared to be no
relationship between the availability of computers
and mathematics performance.



Table L-Students' uncharstanding of when to use a calcuhttor

High Group* Other Group"

Percent of Average
students proficiency

Percent of
students

Average
proficiency

Grade 4 57 (0.7) 221 (0.7) 43 (0.7) 209 (0.9)

Gude 8 44 (0.9) 275 (1.3) 56 (0.9) 258 (1.1)

Grade 12 30 (0.8) 310 (1.3) 70 (0.8) 439 (1.1)

NOTE The standard =TM of the estimated percentages and pmfniencies appear in panwheses. It can be said with 95 percent certainty

that for each population of interest, the value for the whole population is within plus or minus two standard anon of the estimate for the

sample.

SOURCE The State of Mathematics Achievement: NAE1 s 1990 Assessment of the Nation and MsTrial State Mammas of the States.

'High Gmup-Studems who used the caladator appropliately (i.e., used it for the calculator-active items and did not use it for the

calmlaw-inacnve items) at least 85 percent of the time and indicated that they had used the calculatorfor at least half of the calculstor-active

hems they were resented
"Other Group-Studaus aim did not use the calculator appmpriately at least 85 percent of she time or indicated that they had used a

calculator for less dun half of the calculator-active Stant they Were given.

Table 1-Students' reports on ways they use a calculator

For mathematics class, how often do you use a calculator to do each of the following?

Almost always Sometimes Never

Percent of Average
studerts proficiency

Percent of
students

Average
proficiency

Percent of
students

Average
proficiency

Work problems in class

Grade 8 46 (0.9) 257 (1.1) 30 (1.1) 271 (1.6) 24 (1.3) 275 (1.2)

Grade 12-M1 students 42 (1.0) 301 (1.1) 32 (0.8) 298 (1.4) 27 (1.0) 285 (1.6)

Grade 12-Taking math 53 (1.2) 306 (1.3) 33 (1.0) 308 (1.5) 14 (0.9) 299 (1.0)

Do pralems at home

Grade 8 30 (1.0) 264 (1.2) 52 (0.8) 266 (1.3) 19 (0.7) 266 (1.3)

Grade 12-All students 38 (0.9) 305 (1.2) 38 (0.7) 295 (1.4) 24 (0.8) 283 (1.5)

Grade 12-Taking math 46 (1.0) 311 (1.3) 41 (1.0) 303 (1.5) 13 (0.6) 294 (2.5)

Take tests or quizzes

Grade 8 25 (0.9) 257 (1.6) 43 (1.2) 261 (1.5) 32 (1.3) 277 (12)

Grade 12--All students 34 (0.9) 303 (1.2) 34 (0.9) 298 (1.4) 32 (1.1) 277 (1.2)

Grade 12-Taldng math 43 (1.3) 309 (1.3) 38 (1.2) 304 (1.6) 19 (1.1) 300 (2.7)

NOM The standard erron of the estimated percentages and r.oficiencies appear in parentheses.

that for each population of interest, the value for the whole population is within plus Of minus two

mewl&

SOURCE: The State ofMathernatiCS Adatiffinilint: NAEP 1990 ASSLUMIN of the &fiat and

It can he said with 93 percent oenainty
standard erron of the estimate for the

ths Trial SW* Amassment of the States.



Table 1Scimo Is' reports on the availability ci computers

Yes, computers available
aft the time in

mathemadts chissroom

Yes, computers grouped
in a laboraksry available
to mathematics classes

Yes, computers available
to brkg to classroom

when needed

Percent of students Percent of students Percent of students

Gracie 4 22 (2.7) 56 (2.9) 53 (11)

Grade 8 10 (2.6) 61 (4.4) 57 (3.5)

Grade 12 10 (2.6) 79 (3.8) 64 (3.7)

NOTE The sundard mon of the estimated percemaga Ind profieienOes appear in prentheses. It anbe said with 95 pest= cestainty that
for eads peculation of interest, the value for the whole population is within plus or minus two slot:hal wen of the esunsate for the sample.

SOURCE The State of Mathematics Achievement: NAN s 1990 &wawa of the Natio, and the TrialState Assessment of the States.

Questions for Discussion

NAEP data reveal minimal use d computers and
calculatots in mathematics instnEtiom In many

cases, technology is not widely available, accessible,
or used to advance students' mathematical thinking.
The following questions are posed to stimulate
discussicsi among teachers, principals,
ackninistrators, parents, and other interested citizens
about the use of calculatas and computers in the
classicsmn:

I. What are the pros and cons of allowing students
to use calculators only after they have proven
their ability to compute with pencil and paper?
Does this policy worsen the performance gap
between higher- and lower-perfcmning students?

2. How can calculators be used to help students
develop a broader view of mathematics problem
solving?

3. Can students be taught estimation techniques that
will help them iv:cognize whether compute or
calculator results are masonable? If so, how?

4. How can computers be used to help students
develop the mathematical reasoning and
problem-solving concepts required in the real
world?

5. How can computers be used in mathematics
programs to simulate problem-solving situations
and applications?

6. Does electronic mail have a role in mathematics
programs?
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