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This paper uses data from the National Assessment of Educational Progress
(NAEP) to study three issues in K-12 mathematics. It examines national trendsin
computation skills, investigates whether allowing calculators on NAEP items produces
significantly different results compared to not allowing calculators, and analyzes the
impact of allowing calculators on the performance gaps among black, white, and
Hispanic students.

All three topics are controversial. Computing quickly and accurately is
recognized by most math educators as an essential skill, but the question of how much
emphasis computation should receive in the K-12 curriculum provokes a heated debate.
In its 1989 standards, the National Council of Teachers of Mathematics (NCTM)
recommended de-emphasizing computation skills, warning "clearly, paper and pencil
computations cannot continue to dominate the curriculum.” The NCTM standards had a
profound impact on state curricular policy. By 2000, all but two states, Californiaand
M assachusetts, modeled their own curriculum standards on the NCTM’ s, and publishers
revised math textbooks to conform with NCTM’s prescriptions.*

The call to de-emphasize basic skills drew intense criticism from professional
mathematicians and parent groups. They argued that the algorithms of arithmetic prepare
students for more sophisticated topics and that students apprehend the fundamental
structure of mathematics through the mastery of such seemingly trivial operations as long
division.? In 2000, the NCTM released arevised set of standards, Principles and
Sandards for School Mathematics. In deference to critics, the language on computation
was softened. By the end of fifth grade, the document declared, “ students should be

computing fluently with whole numbers.” ®  Notwithstanding the document’s more



moderate tone, the NCTM standards did not abandon the position that computing skills
should be de-emphasi zed.

The national policy influence of the NCTM is reflected in the mathematics
framework of the National Assessment of Educational Progress (NAEP), also known as
“the nation’s report card.”* The program periodically administers two tests—the main
NAEP, given since 1990 in mathematics, and the long term trend (LTT NAEP), given
since 1973. Themain NAEP is governed by aframework that largely mirrors the
NCTM'’s views on the K-12 mathematics curriculum.>  The main NAEP test, for
example, allows students to use calculators on a portion of the test, includes extended-
response items which ask students to explain their mathematical reasoning, contains
items on which students may receive partial credit, and provides manipulative materials
for students to use on selected items. In addition to an overall score at the fourth, eighth,
and twelfth grades, main NAEP scores are reported on NCTM' s five strands—number
and operations, measurement, data analysis, algebra, and geometry. Consistent with the
notion of de-emphasizing paper and pencil skills, no score is reported on arithmetic or the
ability to compute, even at fourth grade.

In contrast to the main NAEP, the long term trend NAEP remains essentially
unaltered since itsinception in 1973. Last given in 1999, the test reflects a“pre-
standards’ view of mathematics. All items are multiple choice. A significant proportion
of items are devoted to arithmetic and computation skills, but the LTT NAEP does not
report disaggregated scores by skill area. In other words, the public isin the dark on
whether today’ s students know how to compute accurately. The main NAEP and most

state assessments do not assess students’ computation skills. The study at hand will



examine selected datafrom the LTT NAEP to shed light on American students
computation skills.

The subject of calculators in the classroom is another flashpoint in debates over
the modern math curriculum. Most observers agree that technology has the capacity to
produce exciting new tools for learning mathematics. Nevertheless, and despite being
commonly used in contemporary classrooms, calculators are a never-ending source of
disagreement. Arguments rage over how and when calculators should be used in
instruction, especially with young students. Testing officials wrestle with whether to
allow calculators on state assessments.

Again, the NCTM plays an important role in the controversy. The NCTM first
expressed its support for calculatorsin 1974. It reissued the endorsement in 1980, calling
for schools to "introduce calculators and computers into the classroom at the earliest
grade practicable." Intheir 1989 standards, the NCTM recommended that calculators be
used in grades K-4. Powerful aliesrallied to the NCTM’s side. In 1990, the National
Research Council issued "Reshaping School Mathematics," areport that urged "the
replacement of most paper-and-pencil drills with calculator-based instruction” starting in
kindergarten. Because calculators "diminish the role of routine computations,” the report
advised, "young children can instead be given activities with calculators that emphasize
discovery and exploration.” Since the early 1990s, the National Science Foundation has
awarded tens of millions of dollars for the development of curriculum materials that
promise to integrate calculators into instruction.’

Critics believe calculators may impede learning, especially when used by students

who haven't memorized basic facts (e.g., 2+2, 6x7, 14-9) or learned how to add, subtract,



multiply, and divide on paper. Therisk isthat calculators will become a crutch for
students. Worse yet, children may never acquire a deep understanding of how numbers
work if, on first exposure to mathematical operations, they merely push buttonsto arrive
at answers.® The politics of the issue change as the focus shifts from education schools to
the frontlines of schooling. Surveys show that professorsin schools of education believe
calculators should be used more often in teaching math. But teachers want them used
less, and alarge majority of the public thinks that they shouldn't be used at al with young
children.’

An extensive literature on calculators exists. More than 120 studies compare the
test score changes of treatment groups who use calculators with control groups who do
not use them, with comparisons in achievement made after both groups have studied the
same math curriculum. Three meta-analyses of the research give qualified support for
using calculatorsin instruction (Hembree and Dessart, 1985; Smith, 1997; and Ellington,
2003). They generally agree that calculators do not negatively affect paper-and-pencil
skills and have a positive effect on students’ attitudes toward math. However, in the
Ellington meta-analysis fewer than 20% of the studies featured students in the fourth
grade and lower, the very yearsin which basic arithmetic is taught. Ellington’s advice on
using calculators is tempered accordingly; “Because limited research has been conducted
featuring the early grades, calculators should be restricted to experimentation and concept
development activities.”*°

A design question in these studies—and a significant issue for NAEP—involves
selecting an appropriate instrument for measuring the effects of calculatorsin

experiments. If calculators are an integral part of instruction with treatment groups, then



measuring learning gains with an assessment that allows for at least some calculator use
seems reasonable. Not allowing them could bias findings against calculators. If, on the
other hand, calculators are allowed on such assessments, any advantage detected from
treatment over control groups may in fact be due to increased facility using calculators,
not gains in computation skills. Findings could be biased in favor of calculators.

What do the different testing protocols show? Thirteen studies have evaluated
computation skills with calculators allowed on the assessment used to measure gains.
The mean effect size is positive and significant (.43, p<.01). Fifteen studies have
evaluated computation skills without calculators allowed on the assessment. The mean
effect sizeis statistically insignificant (.03). Allowing calculators on tests appears to
influence the estimates of calculators’ effects on students' computation skills. How does
thisrelate to NAEP? The main NAEP allows calculators on 35% to 40% of items on the
fourth grade test. Most states alow them on tests linked to accountability systems.
Calculators may produce misleading information on students’ ability to compute. The
extent to which calculators influence the assessment of computation skills on NAEP
itemsisinvestigated below.

Gaps in math achievement among racial and ethnic groups also figure
prominently in analyses of NAEP scores. On the long term trend NAEP, the difference
in black-white test scores narrowed significantly from 1973 to the late 1980s and then

began widening again in the 1990s. Lee (2002) points out the major trends in the gap:

During the period between 1971 and 1986/1988 when

the achievement gap between Whites and Blacks narrowed,
White students’ achievement level was quite flat, whereas
Black students made substantial academic gains. In



contrast, during the period between 1986/1988 and 1999,

when the gap grew, the pattern reversed: White students

improved their achievement but Black students made few

gains on the NAEP. Consequently, the narrowing of the

Black-White achievement gap stopped and in some cases

the gaps returned to the level of the late 1970s or early

1980s. (Lee, 2002, pp. 3-4) ™
The Hispanic-white gap evidences no consistent pattern. Like blacks and whites,
Hispanics made gains on the NAEP from 1973 to 1999. But their scores were more
erratic, with scores moving in the same direction—whether up or down--on very few
adjacent assessment years.* It must be kept in mind that the relatively smaller sample

sizes of both black and Hispanic students increases the chances of score volatility on

NAEP.

Resear ch Questions, M ethods, and Limitations

This study updates and extends a study of computation scores conducted by the
Brown Center on Education Policy in 2002."* The previous study did not examine racial
and ethnic differences in student performance. The current study examines these
performance gaps. The previous study was based on data that did not separate items on
which calculators were allowed and not allowed. The current study makes separate
analyses of these two test conditions. The current study also analyzes how nine year olds
performed on a subset of matched items, examining how well a group of students who
were allowed to use calculators were able to compute compared with students who were

not allowed calculators on the same items.



The study investigates six research questions (the analytical strategy appearsin
parentheses). Thefirst four are:

1. Did computation skillsimprove, decline, or remain the same from 1982 to 1999
(analysis of gain scores)?

2. How do the 1980s and 1990s compare on trends in computation skills? This
analysis compares scores in the decades immediately before and after the release
of the NCTM standards.

3. How sound were students' computational skills as of 1999, the last time the trend
NAEP was administered (analysis of absolute level)?

4. 1n 1999, how large were black-white and Hispanic-white gaps in computation
skills? Have they changed over time (analysis of absolute level and gain scores)?

Two additional research questions are investigated using a subset of matched, calculator
and non-calculator items. On these items, arandomly selected subsample of NAEP nine
year olds were provided calculators and allowed to use them to compute answers. (Note
that these items do not count in the calculation of the national NAEP score).

5. Givenanidentical set of computation items, how do students perform when they
are allowed to use a calculator compared to when a calculator is not allowed?

6. Do the conclusions of the analyses above (comparison of the 1980s and 1990s,
progressin closing black-white and Hispanic gaps) differ when calculators are
available or not?

Computation items from the NAEP were initialy identified based on short descriptors

provided for each item. Items were also examined with the assistance of staff of the

National Assessment Governing Board (NAGB), the organization governing NAEP, at



the Washington office of NAGB. To qualify for the study, items had to ask studentsto
compute using one of four operations (addition, subtraction, multiplication, and division)
with four types of number (whole numbers, fractions, decimals and percentages). Word
problems were excluded. Eleven items met the criteria on the test for nine year olds,
nineteen items on the test for thirteen year olds, and twelve items on the test for
seventeen year olds. The data for student performance were provided by NAGB and the
Educational Testing Service (ETYS).

Thereis an important limitation to this type of study. The analysisisbased on a
subset of items from alarger test and therefore may not adequately sample the domain of
aparticular skill. Thisislessaproblem for drawing conclusions about computation skills
as awhole—on which several items exist across three or more skill areas--but it is a fault
to which individual skill clusters are vulnerable. A good exampleisthat only two
division computation items were identified on the test for nine year olds. They obviously
were not included on NAEP with the intention of comprehensively measuring nine year
olds' ahility to divide accurately with whole numbers. They are part of alarger test
designed to sample, not to exhaustively inventory, children’s basic mathematics skills.

That said, these NAEP data possess severa strengths. No national test of
computation skills exists, so even if the findings are limited to student performance on
these items alone, the data are valuable in offering alimited portrait of national
performance. The main NAEP has very few computation items, so the LTT NAEP
provides the best evidence available on the topic. The LTT NAEP has been given to
large, random samples of students for more than three decades, producing comparable

scores that allow for analyses of trends. And, as already noted, a matched set of items on



the NAEPLTT allows for acomparison of student performance with and without the
availability of calculators.

A final word on methods. Readerswill notice that standard tests of statistical
significance were not performed on changes in student performance. Thisis because the
anaysisis based on clusters of test items. Standard errors were only available for the
individual items and not for clusters (i.e., for atwo item cluster, calculating the standard
error would require the probabilities of getting both items correct, one or the other item
correct, and neither item correct). | compensated for this by running significance tests on
individual items and checking to seeif they confirmed the basic story told by the clusters
comprising thoseitems. They did. The significance tests for the matched-item cal cul ator

analysis are provided in Appendix A.

Trendsin Computation Skills
Table 1 presents NAEP data on student computation skills from 1982 to 1999.
Items are clustered by skill. The “scores’ reported for each skill cluster represents the
mean percentage of students answering that cluster’ s items correctly in 1982, 1990, and
1999. Inaskill cluster comprising only two items, for example, if 30% answered one
item correctly and 70% answered the other one correctly, the reported score would be
50%. The final three columns show changesin scores for different time periods. The
first two columns disaggregate changes by decade (actually, changes from 1982 to 1990
and 1990 to 1999). The final column shows changes over the entire period of the study,
from 1982 to 1999. All of the datain Table 1 are based on student performance without

the aid of calculators.
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Insert Tables 1 and 1A

Asthelast column in Table 1 indicates, computation skills generally improved
from 1982 to 1999. The greatest gains were in seventeen and thirteen year olds' ability to
compute with percentages (gains, respectively, of 13.7 and 7.6 percentage points).
However, thirteen and seventeen year olds both declined in the other two areas of
computation. For thirteen year olds, the ability to compute with whole numbers (-3.2)
and fractions (-5.4) fell. For seventeen year olds, the declines for computation with
fractionswas -11.4 and with decimalswas -5.0. Nine year olds gained in every area of
computation examined in the current analysis.

Table 1A presents a scorecard for the datain Table 1. It indicates that the 1980s
were a better decade for computation skills than the 1990s. Of trends in the ten skill
clusters, nine favor the 1980s and only one favors the 1990s. Table 1 reports that in the
1990s computational proficiency declined across all ages and skills areas, with the
notable exception of thirteen and seventeen year olds ability to compute with
percentages. In the decade, both groups gained in that skill.

Computation by nine year olds provides the most dramatic contrast of the two
decades. Inthe 1980s, nine year olds registered significant gainsin the four operations of
whole number arithmetic—addition, subtraction, multiplication, and division. Inthe
1990s, scores declined in all four operations. Changes in seventeen year olds ability to

compute with fractions also dramatically shifted over the two decades. In the 1980s,
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seventeen year olds' scores rose from 66.9% to 75.8%. Then in the 1990s proficiency
plunged by more than twenty pointsto 55.5%.

Based on the 1999 scores, what generalizations can be made about how well
American students compute?** If an 80% accuracy rate is considered indicating mastery,
then nine year olds are close to mastering addition with whole numbers (75.5%) but still
have not mastered subtraction (59.7%). They need considerable work before attaining
mastery of multiplication (42.5%) or division (48.3%). At age thirteen, computing with
whole numbers appears under control (89.5%), but computing with fractions and
percentages remains challenging for most students (54.3% and 46.7%, respectively).
And at age seventeen, computing with percentages shows promise (70.0%) but accuracy
with fractions and decimals is weak (55.5% and 46.3%, respectively).

In sum, computation skills generally improved from 1982 to 1999. The
improvement was almost entirely due to gains made in the 1980s. For the three age
groups included in NAEP, the ability to compute accurately with whole numbers,
decimals, and fractions declined in the 1990s. Computing with percentages was an
exception, with thirteen and seventeen year olds showing marked improvement in the
1990s. Where do computation skills currently stand? Nine year olds appear to have
mastered addition with whole numbers, but fall short of mastery in subtraction,
multiplication, and division. Thirteen year olds appear to have mastered computing with
whole numbers, but are still struggling with fractions and percentages. Seventeen year
olds are within striking distance of demonstrating mastery in computing with percentages

but not with fractions or decimals.
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Race and Ethnic Gapsin Computation Skills
As noted earlier, the gap in NAEP mathematics test scores between white and
black students reached its narrowest point in the late 1980s and then widened in the

1990s. A similar pattern is evident with computation skills (see Table 2).

Insert Tables 2, 3, and 3A

In 1982, the proficiency rates for white students surpassed those of black students
in every skill area (see Table 2 for the scores of white students, Table 3 for blacks, and
Table 3A for gaps). The gaps ranged from 6.6 percentage points for nine year olds on
division (whites scoring 45.2% and blacks scoring 38.6%) to 25.0 percentage points for
thirteen year olds computing with fractions (whites, 63.8% and blacks, 38.8%). All of
the gaps shrank in the 1980s, with the exception of thirteen year olds skillswith
percentages, and then reversed direction and expanded in the 1990s. The minimum gap
in 1990 was 3.6 points; the maximum was 22.5. 1n 1999, the minimum gap was 7.9
points, and the maximum was 25.0.

Recall that computing with percentagesis the skill areain which all thirteen and
seventeen year olds made the greatest gains from 1982 to 1999. The national gains were
mostly the result of increased proficiency by white students. Although black students
registered gains, they were not aslarge. At age thirteen the black-white gap on
percentages widened by 7.4 percentage points from 1982 to 1999, with most of the

widening occurring in the 1990s. 1n 1999, whites outscored blacks by 20.6 points
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(whites, 50.9% and blacks, 30.3%). Among seventeen year olds, the black-white gap in
computing with percentages narrowed in the 1980s and expanded in the 1990s. The gap
stood at 25.0 percentage points in 1999, almost 4 points greater than it had been in 1982.

On the skills in which both white and black students suffered lossesin the 1990s,
the losses of black students were more severe. Thirteen year old white students
proficiency in computing with fractions declined about two percentage points (from
61.7% to 59.6%). Black students’ proficiency fell nearly four points (from 39.2% to
35.2%), producing a 1.9 point widening of the gap. For both blacks and whites,
seventeen year olds' ability to compute with fractions fell precipitously. For white
students, scores declined by nearly 18 percentage points, from 76.8% to 59.0%. Black
students’ scores plummeted more than 33 percentage points, widening the black-white
gap by 15.8 percentage points. It isimportant to note again that the relatively small
African-American sample size increases the volatility of their scores; however, the t-
statistics for the 1990s' changes exceeded 6.0 for all three fractionsitems so the declineis
truly significant.

Asthe scorecard in Table 3B indicates, the 1990s were not a good time for
reducing black-white gaps in computation skills. The 1980s were much more productive

in that regard.

Insert Tables 4 and 4A

The Hispanic-white gaps in computation skills have not behaved in the same

manner as the black-white gaps (see Tables 4, 4A, and 4B). The Hispanic-white gaps
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expanded in the 1980s and stayed relatively static in the 1990s. In comparing the 1980s
and 1990s, the scorecard in Table 4B dlightly favors the 1990s, with six positive trends
and four negative ones.

Seventeen year olds' ability to compute with fractionsisrevealing. Likethe
black-white gap, the Hispanic-white gap contracted dramatically during the 1980s.

White scores improved from 70.4% to 76.8%. Hispanic scores jumped from 43.5% to
63.2%, and the gap shrank by more than 23 percentage points. But unlike the black-
white gap, the Hispanic-white gap held its own in the 1990s, remaining essentially
unchanged. The newsisnot all good. The gap held steady because Hispanic and white
skills declined the same amount, about 18 points.

A more consistently positive story is found with decimals. From 1982-1999, both
Hispanics and whites improved their computing skills with decimals (whites by about
nine points and Hispanics by about twenty-three), and the Hispanic-white gap shrank
steadily through the 1980s and 1990s. Seventeen year olds' computation skills with
percentagesis atrouble spot. The Hispanic-white gap expanded during the 1980s by 4.9
percentage points and by 3.2 points during the 1990s. Similar to the expansion of the
black-white gap in the same skill cluster, the Hispanic-white gap in computing with
percentages throws cold water on an otherwise positive story. All studentsin 1999 knew
how to compute with percentages better than in 1982, but gains by whites outstripped the
gainsof both blacks and Hispanics and, as aresult, racial and ethnic gaps widened in this
skill.

To sum up, the black-white and Hispanic-white gaps in computation skills did not

act the same from 1982 to 1999. The black-white gap narrowed across the board in the
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1980s, then reversed direction and grew wider in the 1990s. Most of the previous
decade’ s progress was lost. The Hispanic-white gaps also showed significant narrowing
in the 1980s, but unlike the black-white gaps, the Hispanic-white gaps held steady during

the 1990s.

Computation Skillswith Calculators Allowed: Matched Item Analysis

As noted above, the LTT NAEP has, on an experimental basis, included
computation items that allow for the use of calculators.”® The test for nine year olds has
ten calculator items that also appear in the non-calculator portion of NAEP, alowing for
a comparison of how students perform--on an identical set of problems--with and without
calculators. The central questions are whether making calculators available influences
conclusions about competency in a skill or trendsin skill development, especially the
trends examined above. Do we reach a different conclusion about how well nine year
olds compute? Do we reach different conclusions about computation skills improving in
the 1980s and declining in the 1990s or different conclusions about the performance gaps
between whites and blacks or whites and Hispanics?

The ten items include three items in addition, three in subtraction, two in
multiplication, and two in division.*® It isimportant to stress that it is not known whether
the nine year olds actually used calculators on these items, only that calculators were
available for their use. Referencesto “calculator items’ in the following discussion
should be interpreted accordingly. The results are presented in Table 5.

Thetotal scores provide the headline. Large differencesin performance occurred

depending on whether students were allowed to use a calculator. In 1999, students

16



averaged 85.3% accuracy on whole number computation items when cal culators were
alowed. On the same items, students only averaged 57.2% when cal culators were not

available and students were limited to pencil and paper for making calculations.

Insert Table5

Digging deeper provides some important details. The differences appear in all
skill clusters. Let’slook at 1999 scores. With subtraction, students achieve 89.2%
accuracy when calculators are available, but only 59.7% when calculators are withheld.
With multiplication, accuracy reaches 87.9% with calculators, but only reaches 42.5%
when calculators are not available. Proficiency with division reaches 77.1% with
calculators and 48.3% without them. These differences are enormous--the difference
between signaling mastery and signaling incompetence. Of the four operations, only
addition appears close to mastery without a calculator (78.4%), consistent with the
analysis presented above. These finding suggest that making calculators available on a
test of computation skills can make the difference between concluding that students have
acquired certain skills—and concluding that they haven’t. On each of theseitems, at
least 40% of the nation’s nine year olds computed correctly with or without a cal culator
provided. For most of the remaining students, calculators are the difference in whether
they compute correctly or get the calculation wrong.

Calculators also affect trends. Examine the two columns comparing changesin
the two decades. Nine year olds made gainsin the 1980s--whether calculators were

allowed or not . However, they made greater gains when calculators were withheld (7.0
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percentage points for the total score) than when present (2.1 percentage points). Inthe
1990s, student performance improved when calcul ators were allowed (2.4 percentage
points), but declined when cal culators were unavailable (-1.9 percentage points). This
pattern—gains with cal cul ators and losses without them—occurred in all four operations
in the 1990s. In addition to affecting our perception of students' skill at computing with
whole numbers, then, calculators also can affect whether changes over time are judged to
be positive or negative. Inthe 1990s, nine year olds computation scores rose from 83%
to 85% when calcul ators were available on the test items.  Skills were solid and
improving. Given the same items, but without the aid of calculators, student performance

slipped from 59% to 57%. Skills were weak and getting weaker.

Insert Tables 6, 7, and 7A here

Tables 6-7A show black, white, and performance gap scores on the matched
items. Again we see that calculator availability shapes the appearance of trends. From
1982-1999, blacks gained more when cal culators were available than when they were not,
10.7 vs. 5.9 percentage points. Black-white gaps narrowed in most skill areas from 1982-
1999 (see Table 7A). In every case, the narrowing was more pronounced when
calculators were present than when they were withheld. Trendsin the 1990s are
particularly disparate due to the calculator effect. Again, total scorestell the major story.
The black-white proficiency gap widened in the 1990s by 3.1 percentage points on pencil
and paper computation skills. With calculators available, the gap moved in the opposite

direction, narrowing by 4.1 points. Interms of student performance on these ten
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computation items, greater equity can appear to be achieved by changing asingle test

condition—nby shifting from paper and pencil to allowing calculators.

Insert Table 8 and 8A here

Scores for Hispanic students are reported in Table 8. The Hispanic-white gaps are
presented in Table 8A. From 1982-1990, the same effect surfaces that was detected with
the black-white gaps. With calculators allowed, considerable progress was made. The
Hispanic-white gap in whole number computation contracted by 6.9 percentage points.
Progress evaporated when calculators were taken away. The gap expanded by 0.8 of a

point.

Discussion

The study analyzed data from computation items on the LTT NAEP assessment. A
subset of matched items compared how well nine year olds compute when calculators are
available and when they are not. The items were not designed to assess computation
skills comprehensively, and, therefore, the findings should be considered as suggestive
rather than conclusive. Despite this limitation, the items represent the only set of
computation items administered periodically to alarge, randomly selected national
sample of students.

Six research questions were presented at the beginning of the paper. The following

discussion is organized around the findings on each question.

19



Did computation skills improve, decline, or remain the same from 1982 to 1999?
Computation skills generally improved from 1982 to 1999. Skills of nine year olds
increased in all skill areas examined, and thirteen year olds and seventeen year olds skills
improved in percentages only. Thirteen year olds skillsfell for whole number and

fractions, and seventeen year olds struggled more with decimals and fractions.

How do the 1980s and 1990s compare on trends in computation skills? The 1990s
were not as productive as the 1980s in boosting computation skills. Virtually all of the
gains from 1982 to 1999 occurred in the 1980s and then faded in the 1990s. Nine year
olds' skills declined in adding subtracting, multiplying, and dividing whole numbers.
Thirteen year olds skills declined in computing with whole numbers and fractions.
Seventeen year olds' skills declined in computing with fractions and decimals. The
single bright spot of the 1990s was in computing with percentages, with both thirteen and
seventeen year olds showing considerable improvement.

Why did computation skills reverse direction and decline in the 1990s? There are
several plausible explanations. Math reform in the 1990s, which the NCTM was
influential in promoting but not the sole advocate of, de-emphasized computation skillsin
favor of problem solving, geometry, data and statistical analysis, and other areas of
mathematics. New textbooks reflected these priorities. Use of calculators increased
significantly in classrooms during the decade, even in the fourth grade.'” Research has
not yet determined whether calculators affect children’s learning how to computein

fourth grade and lower. Although no one can be certain what caused the declinein
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computation, aspects of math reform in the 1990s are reasonable candidates for at |east

contributing to the fall off in skills.

How sound wer e students computational skills as of 1999, the last time the trend
NAEP was administered? 1n 1999, nine year olds showed evidence of nearly mastering
addition with whole numbers (75.5%). Subtraction remained a problem area (59.7%),
and mastery of multiplication (42.5%) and division (48.3%) was even further out of
reach. The nation is not even close to meeting the goal of the NCTM’ s 2000 standards—
that all students should be fluent in whole number computation by the end of fifth grade.
Thirteen year olds evidence mastery of whole numbers (89.5%), but have difficulty
computing with fractions (54.3%) or percentages (46.7%). Seventeen year olds arefairly
proficient computing with percentages (70.0%) but have difficulty with fractions (55.5%)

and decimals (46.3%).

In 1999, how large were black-white and Hispanic-white gaps in computation skills?
Have they changed over time? Trends in black-white gaps in computation skills mirror
achievement gaps in mathematics more generally—significant narrowing in the 1980s,
followed by modest widening in the 1990s. In the 1980s both groups gained in skill, but
blacks gained more than whites. In the 1990s, both groups’ computation skills declined,
but the skills of blacks declined more. In terms of absolute level of performancein
individual skill areas, whites outperformed blacks by eight to twenty-five percentage

pointsin 1999. At age thirteen, for example, the cluster with the narrowest gap is whole
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number computation. Whites scored 90.8%, and blacks scored 82.9%. The widest gap
was registered with fractions. Whites scored 59.6%, and blacks scored 35.2%.

Trends in the Hispanic-white gap are not as consistent. Like black and white
students, Hispanic students improved in the ability to compute in the 1980s. But in the
1990s Hispanic scores did not fall as much as the scores of blacks. The gaps with white
students held steady. The Hispanic-white gaps also are not as large as those between
black and white students. Inindividual skill areas, whites outperformed Hispanics by
approximately two to seventeen percentage pointsin 1999. The narrowest gap was
discovered in nine year olds' ability to divide whole numbers. Hispanic students scored
47.7%, and white students scored 49.4%. The largest gap was in seventeen year olds

ability to compute with percentages. Hispanics scored 57.9%, and whites scored 75.4%.

Given an identical set of computation items, how do nine year olds perform when
they are allowed to use a calculator compared to when a calculator is not allowed?
Calculators change everything. For alarge number of nine year olds, when calculators
are available on computation items, they get correct answers. When calculators are not
available, they get wrong answers. The smallest calculator advantage is on addition
items, a skill nearing mastery. Students score 78.4% using only pencil and paper and
87.0% with calculators. The calculator advantage in other areasis huge. In subtraction,
students scored 89.2% with calculators available and 59.7% without calculators. In
multiplication, students scored 87.9 % with calculators and 42.5% without them. On

division items, the scores were 77.1% with calculators, 48.3% without.
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The conclusion is clear: allowing fourth gradersto use calculators on items that are
intended to assess computation skills will produce misleading results—misleading, that
is, if one assumes that knowing how to compute means being able to make calculations
without technological assistance. The fear of critics that calculators might serve as a
crutch aso appear well founded. Believing that a nine year old can compute when he or
she cannot do so without a calculator is tantamount to believing that a nine year old can

ride a bike when he or she cannot do so without training wheels.

Do the conclusions about the trends analyzed above (comparison of the 1980s and
1990s, progress in closing black-white and Hispanic gaps) differ when calculators are
available or not? Calculators not only affect absolute levels of computation scores, but
also trends. The 1990s decline in computation scores that occurred when nine year olds
were limited to pencil and paper did not occur when students had a calculator available.
Scores actually increased. Why would this happen? The most likely explanation is that,
as calculator usage increased in the 1990s, students became more proficient at using
them. The difference between students' accuracy with paper and pencil calculations and
calculations with a calculator widened.

Why would racial and ethnic gaps in computation skills also be affected? For blacks
and Hispanics, the performance differences between calculator and no calculator test
conditions are much wider than for whites. Calculators make a bigger difference with
students of color. There are two possible explanations. Thefirst isracial differencesin
calculator usage. In 1996, black and Hispanic fourth gradersin the NAEP survey were

about twice as likely as white students to report using calculators “everyday” for math
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classwork.'® But those disparities evaporated in the 2000 and 2003 surveys, which were
administered after the 1999 endpoint for datain the current study. White fourth graders
reported using calculators more often. So that explanation may no longer hold water.
Another explanation pertainsto skill levelsthemselves. If black and Hispanic
computation skills have indeed slipped more than whites, then that a one could make the
calculator advantage grow disproportionately. The weakness of that explanation is that
Hispanics' computation skills did not decline in the 1990s, yet the gap between using and
not using calculators grew anyway. Thistopic needs much more research to fully

understand racial and ethnic differencesin the calculator advantage

Conclusion

Let’s conclude with akey question. Why do the results of this study matter? As
pointed out above, the main NAEP and most state tests allow students to use calculators
on at least a portion of the exams. The reason usually offered is that problem solving
tasks are designed to measure the ability to solve problems, not the ability to compute.
That makes sense, but the findings presented here present a challenge. Faced with
virtually any mathematical problem that is worth solving, students must compute an
answer. |If students are only able to compute accurately with calculators—or if their
computation skills are so weak that only the ssmplest of calculations can be made—then
students are doomed to solving only trivial mathematical problems.

Another important consideration involves the need for all of us—parents, teachers,
taxpayers, and the public—to find out what students have learned and what they still need

tolearn. In contrast to the decline in computation skills documented here, the main
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NAEP and state tests have been showing tremendous growth in students' mathematical
achievement. These tests do not report a computation score. For the most part, they do
not include many computation items, even when assessing children in fourth grade.
Officials at both the federal and state levels should reconsider these policies—for the

sake of children’s learning and for the public’s right to know.
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Tablel. NAEP Computation Items
No Calculator allowed

All Students
Skill Cluster 1982 1990 1999 Change Change  Change
(Items) 1982-1990 1990-1999 1982-1999
Addition (4) 714 757 755 43 -0.2 4.1
2 Subtraction (3) 534 634 59.7 10.0 -3.7 6.3
(@)}
<< Multiplication (2) 37.4 439 425 6.5 -1.4 51
Division (2) 443 491 483 4.8 -0.8 4.0
~ WholeNumbers(9) 927 914 895  -13 -1.9 -3.2
EJ; Fractions (4) 50.7 56.8 54.3 -2.9 -2.5 -5.4
< Per centages (6) 39.1 38.8 46.7 -0.3 7.9 7.6
- Fractions (3) 66.9 758 555 8.9 -20.3 -11.4
Tg! Decimals (3) 51.3 50.4 46.3 -0.9 -4.1 -5.0
< Per centages (6) 56.3 66.5 70.0 10.2 3.5 13.7

Table 1a. How do the 1990s compar e with the 1980s?

Positive Trend Changesin 1990s Negative Trend Changesin 1990s
L osses Reversed 1 Gains Reversed 5
Gains Accelerated 0 Losses Accelerated 3
L osses Slowed 0 Gains Slowed 1
Total 1 Total 9




Table 2. NAEP Computation Items

No Calculator Allowed
White Students

Hltemg 1982 1990 1000 O e 158 1900

Addition (4) 737 716 7174 3.9 0.2 37
@ Subtraction (3) 558 658 634 100 24 7.6
< Multiplication (2) 384 447 435 6.3 1.2 5.1

Division (2) 452 495 49.4 4.3 0.1 42
o WholeNumbers(9) 939 924 90.8 -1.5 -1.6 -3.1
EJ; Fractions (4) 63.8 61.7 59.6 -2.1 -2.1 -4.2
< Percentages (6) 412 419 509 0.7 9.0 9.7
 Fractions (3) 704 768 59.0 6.4 17.8 114
2 Decimals (3) 718 831 8L2 113 1.9 9.4
<

Per centages (6) 5.3 695 754 10.2 59 16.1




Table 3. NAEP Computation Items

No Calculator Allowed
Black Students

Skill Cluster 1982 1990 1999 Change Change  Change

(Items) 1982-1990 1990-1999 1982-1999
Addition (4) 59.1 684 679 9.3 -0.5 8.8
Subtraction (3) 403 535 454 13.2 -8.1 5.1
® Multiplication (2) 288 388 352 10.0 -3.6 6.4
< Division (2) 386 459 399 7.3 6.0 13

WholeNumbers(9) 855 87.6 829 2.1 A7 -2.6
%‘2 Fractions (4) 388 392 352 0.4 -4.0 -3.6
< Percentages (6) 280 265 303  -15 3.8 2.3

Fractions (3) 506 732 396 22.6 -33.6 -11.0
= Decimals (3) 518 67.7 652 159 25 13.4
& Percentages (6) 382 538 504 156 34 12.2




Table 3a. NAEP Computation Items

No Calculator Allowed
Black-White Gap

~Vtomg 1982 1990 1990 10N oot1000 19851600

Addition (4) 146 92 95 -5.4 0.3 -5.1
P Subtraction (3) 155 123 18.0 -3.2 5.7 2.5
(@))
<< Multiplication (2) 96 59 83 -3.7 2.4 -1.3

Division (2) 66 36 95 -3.0 5.9 2.9
o WholeNumbers(9) 84 48 79 -3.6 31 -0.5
é Fractions (4) 250 225 244 -2.5 19 -0.6
< Per centages (6) 13.2 154 20.6 2.2 52 74
- Fractions (3) 198 3.6 194 -16.2 15.8 -04
é' Decimals (3) 20.0 154 16.0 -4.6 0.6 -4.0
< Per centages (6) 21.1 157 250 5.4 9.3 3.9

Table 3b. How do the 1990s compar e with the 1980s?

Positive Trend Changesin 1990s Negative Trend Changesin 1990s
Widening Reversed 0 Narrowing Reversed 9
Narrowing Accelerated 0 Widening Accelerated 1
Widening Slowed 0 Narrowing Slowed 0
Total 0 Total 10



Table4. NAEP Computation Items

No Calculator Allowed
Hispanic Students

Skill Cluster 1982 1990 1999 Change Change  Change

(Items) 1982-1990 1990-1999 1982-1999
Addition (4) 679 693 695 1.4 0.2 1.6
Subtraction (3) 443 539 513 9.6 -2.6 7.0
> Multiplication (2) 405 41.0 408 0.5 -0.2 0.3
< Division (2) 428 430 477 0.2 A7 4.9

WholeNumbers(9) 91.7 885 881  -3.2 -0.4 -3.6
= Fractions (4) 497 456 428  -41 2.8 6.9
< Percentages (6) 359 338 385 -21 4.7 2.6

Fractions (3) 435 632 452 19.7 -18.0 1.7
% Decimals (3) 494 697 728 203 3.1 23.4
< Percentages (6) 499 552 57.9 5.3 2.7 8.0




Table4a. NAEP Computation Items

No Calculator Allowed
Hispanic-White Gap

temey 1982 1990 1999 16 E) 10061900 1082000

Addition (4) 58 83 7.9 2.5 -0.4 2.1
P Subtraction (3) 115 119 121 0.4 0.2 0.6
(@))
<< Multiplication (2) 21 37 27 16 -1.0 0.6

Division (2) 24 65 17 41 -4.8 -0.7
o WholeNumbers(9) 22 39 27 1.7 -1.2 0.5
:‘é Fractions (4) 141 161 16.8 2.0 0.7 2.7
< Per centages (6) 53 81 124 2.8 4.3 7.1
- Fractions (3) 369 136 138 -23.3 0.2 -23.1
é' Decimals (3) 224 134 84 -10.0 -5.0 -15.0
< Per centages (6) 94 143 175 4.9 3.2 8.1

Table 4b. How do the 1990s compar e with the 1980s?

Positive Trend Changesin 1990s Negative Trend Changesin 1990s

Widening Reversed
Narrowing Accelerated
Widening Slowed
Total

Narrowing Reversed
Widening Accelerated
Narrowing Slowed
Total

olvo b
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Table5. Matched Calculator Items

All Students
Skill Cluster Change Change Change
(Itemg)  Calc? 1982 1990 1999 15621990 1950.1900 19621909
» Add (3) N 733 800 784 6.7 -1.6 5.1
5 Y 795 832 87.0 3.7 3.8 7.5
SsSubtract (3) N 534 634 597 100 -3.7 6.3
5 Y 870 883 89.2 1.3 0.9 2.2
D ©Multiply (2) N 374 439 425 6.5 -1.4 5.1
IE Y 839 86.8 87.9 2.9 1.1 4.0
= Divide (2) N 443 49.1 483 4.8 -0.8 4.0
o Y 728 733 77.1 0.5 3.8 43
S Total (10) N 521 59.1 57.2 7.0 -1.9 5.1
Y 808 829 853 2.1 24 45

Table6. Matched Calculator Items
White Students

Skill Cluster Change Change Change

(Itemg)  Calc? 1982 1990 1999 1982—1890 1990-1899 1982-1899
,, Add (3) N 755 818 80.1 6.3 -1.7 4.6
S Y 826 849 886 2.3 3.7 6.0
'§ Subtract 3) N 558 658 634 100 2.4 7.6
= Y 899 90.7 904 0.8 -0.3 0.5
$ p Multiply () N 384 447 435 6.3 -1.2 5.1
IE Y 865 889 89.0 24 0.1 25
= Divide (2) N 452 495 494 43 0.1 4.2
g Y 749 757 79.0 0.8 3.3 4.1
= Total (10) N 562 631 616 6.9 -1.5 5.4
Y 764 77.8 79.3 1.4 15 2.9




Table7. Matched Calculator Items
Black Students

SKkill Cluster Change Change Change

(Itemg)  CAC? 1982 1990 1999 1982-1890 1990-1899 1982—1899
, Add (3) N 655 727 719 7.2 -0.8 6.4
= Y 665 742 80.7 7.7 6.5 14.2
'§ Subtract (3) N 403 535 454 132 -8.1 5.1
I Y 725 776 841 5.1 6.5 11.6
® $ Multiply(?2 N 288 388 355  10.0 -3.3 6.7
e Y 712 781 832 6.9 5.1 12.0
= Divide (2) N 386 459 399 7.3 6.0 13
2 Y 603 615 683 1.2 6.8 8.0
=S Total (10) N 443 548 502 105 -4.6 5.9
Y 618 66.8 725 5.0 5.7 10.7

Table 7a. Matched Calculator Items
Black-White Gap

Skill Cluster Change Change Change

(Itemg)  CAIC? 1982 1990 1999 15621950 1980.1900 1982.1909
,, Add (3) N 130 91 82 -39 -0.9 -4.8
= Y 160 107 7.9 -53 -2.8 -8.1
'tg Subtract 3) N 155 123 180  -3.2 5.7 2.5
= Y 173 131 63 -42 -6.8 -11.0
? 5 Multipy(2 N 97 59 84 -38 25 -1.3
<E Y 153 108 58 -45 -5.0 .95
Z Divide (2) N 66 36 96 -30 6.0 3.0
2 Y 146 142 107  -04 -3.5 -3.9
S Total (10) N 118 83 114 -35 3.1 -0.4
Y 145 110 69 -35 -4.1 7.6




Table8. Matched Calculator Items
Hispanic Students

Skill Cluster Change Change Change

(Itemg)  CAlC? 1982 1990 1999 15621990 1980.1900 1962.1999
,, Add (3) N 689 735 741 46 0.6 5.2
S Y 676 821 859 145 3.8 18.3
'*§ Subtract 3) N 443 540 51.3 9.7 2.7 7.0
= Y 829 826 87 -03 6.1 5.8
? § Multiply(2) N 405 41.0 408 05 -0.2 0.3
<E Y 764 834 877 7.0 4.3 11.3
= Divide (2) N 428 430 477 02 4.7 4.9
5 Y 701 723 766 22 4.3 6.5
= Total (10) N 506 550 553 4.4 0.3 4.7
Y 677 733 775 56 4.2 9.8

Table8a. Matched Calculator Items
Hispanic-White Gap

Skill Cluster Change Change Change

(Itemg)  CAC? 1982 1990 1999 1982—1890 1990-1899 1982-1899
, Addition(3) N 66 83 59 1.7 2.4 -0.7
= Y 150 29 26 -121 -0.3 -12.4
'§ Subtract (3) N 115 11.9 121 0.4 0.2 0.6
s Y 69 81 16 1.2 -6.5 -5.3
® pMultiply(2 N -21 37 27 5.8 -1.0 4.8
IE Y 101 54 13  -A7 4.1 -8.8
= Divide (2) N 24 65 17 41 4.8 0.7
2 Y 48 34 25 -14 -0.9 -2.3
=S Total (10) N 55 81 63 2.6 -1.8 0.8
Y 87 46 18  -41 -2.8 -6.9




Appendix A. Significance Tests of Changesin Matched Computation Items
for 9-year olds

1982-1990 1990-1999

Sig. Level Calc No Calc Calc No Calc

All Students p<.05 2-0-8 8-0-2 2-0-8 0-0-10
p<.10 2-0-8 8-0-2 4-0-6 0-2-8

White p<.05 2-0-8 8-0-2 2-0-8 0-0-10
Students p<.10 2-0-8 8-0-2 3-0-7 0-1-9
Black p<.05 3-0-7 9-0-1 3-0-7 0-1-9
Students p<.10 4-0-6 9-0-1 4-0-6 0-3-7
Hispanic p<.05 3-0-7 1-0-9 1-0-9 1-0-9
Students p<.10 4-1-5 1-0-9 1-0-9 2-0-8

Note: First number in each cell represents number of items on which there were statistically significant positive
changes. The second number isthe number of statistically significant negative changes. The third number shows
the number of items on which the change was not statistically different than zero.



