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The Effects of Non-CAS Graphing Calculators on Student
Achievement and Attitude Levels in Mathematics:
A Meta-Analysis
Aimee J. Ettington
Virginia Commonwealth University

Eorty-two studies comparing students with access to graphing calculators during instruction to
students who did not have access to graphing calculators during instruction are the subject of this
meta-analysis. The results on the achievement and attitude levels of students are presented. The
studies evaluated cover middle and high school mathematics courses, as well as college courses
through first semester calculus. When calculators were part of instruction but not testing, students'
benefited from using calculators while developing the skills necessary to understand mathematics
concepts. When calculators were included in testing and instruction, the procedural, conceptual,
and overall achievement skills of students improved.

The evolution oftechnology over the last 15 years
has resulted in graphing calculators becoming everyday
tools in mathematics classrooms. They have become
standard instruments at every level ofthe educational
system and in almost every subject across the mathematics spectrum.
In a survey of 600 colleges and universities, 85% of
the mathematics departments reported that faculty
members utilized graphing calculators in the teaching of
mathematics in at least one course (Laughbaum, 1999).
The most featured type of calculator at the institutions
was the graphing calculator without computer algebra
system capabilities. A regional survey of 146 teachers
inmiddleandhighschoolsfoundthat 74% ofthe schools
allowed the use of graphing calculators (Milou, 1999).
The inclusion of graphing calculators in mathematics
instruction has been encouraged by various mathematical organizations.
The National Council ofTeachers of Mathematics
(NCTM, 1989) noted the significance ofthe role ofthe
graphing calculator in "the emergence of a new
classroom dynamic in which teachers and students
become natural partners in developing mathematical
ideas and solving mathematical problems" (p. 128). The
American Mathematical Association of Two-Year
Colleges (AMATYC, 1995) encouraged extensive use
of graphing calculators in all lower level mathematics
courses and emphasized that the inclusion oftechnology
allows students to be part of an exploratory leaming
environment. With the support for graphing calculators

continuing to grow, the question is, are graphing
calculators helping students develop the skillsnecessary
to do well in their mathematics courses? This question
is addressed and some answers are provided by a metaanalysis conducted on the use of graphing calculators in
mathematics courses and described in this paper.
Results of Previous Reviews and MetaAnalyses
Educators have been researching the role of calculators in the leaming of mathematics for the last 30
years. Although most summaries of research have
been narrative, meta-analysis was used in three publications (Ellington, 2003; Hembree &. Dessart, 1986,
1992) to synthesize and evaluate research on basic and
scientific calculators. Hembree and Dessart (1986,
1992) conducted a statistical evaluation ofthe effects of
calculators on students' achievement and attitude in
precollege classrooms with 88 research reports spanning the years 1969 through 1992. Since some studies
allowed students to have access to calculators during
testing while other studies did not, they separated the
studies by mode oftesting and provided results for each
group. Regardless ofthe mode of testing, they found
that calculators had no meaningful effect on students'
understanding of mathematical concepts. When calculators were part of testing and instruction, students of
low or average ability improved in their paper-andpencil skills and problem solving skills. The paper-and-
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pencil skillsofhigh ability students were neither helped
nor hindered by calculator use, but these students did
benefit in the development of problem solving skills.
When students did not have access to calculators
during testing, Hembree and Dessart (1986) found that
students of average ability, in all grades except fourth
grade, improved in both paper-and-pencil and problem
solving skills. For average fourth graders, calculators
had a negative impact on paper-and-pencil skills. Based
on this negative result, Hembree and Dessart (1992)
concluded that calculators may not be appropriate for
all educational situations or all mathematical subjects.
Last, Hembree and Dessart (1986,1992) reported that
the inclusion of calculators in the study of mathematics
had a positive influence on students' attitudes toward
mathematics. It should be noted that most ofthe studies
analyzed featured functional use of calculators (i.e.,
drill and practice, checking work), and in only a few
studies were calculators an integral part ofthe instruction process.
A second calculator meta-analysis (Ellington, 2003)
supported many of the Hembree and Dessart results
and also provided limited details on the graphing
calculator's effect on achievement in precollege mathematics classrooms. In the same manner as Hembree
and Dessart, the 54 studies conducted between 1983
and 2002 were separated according to mode of testing.
When calculators were part of instruction but not used
in testing, the skills needed to solve problems on
mathematics achievement tests improved. On the other
hand, paper-and-pencil skills and the skills necessary to
understand mathematical concepts were maintained
but did not get better as a result of using calculators.
When calculators were included in both testing and
instruction, students experienced improvement in overall mathematics achievement. The meta-analysis revealed particularly meaningful results for students'
problem solving skills. The benefit to achievement in
mathematics was greatest from long-term calculator
use (i.e., 9 weeks or more). Based on a small number
of studies, the improvement to problem solving skills
was most significant when (a) special curriculum
materials were designed for use with the calculator and
(b) the type of calculator used was the graphing
calculator. This meta-analysis also showed that students' attitudes toward mathematics improved as a
result of working with calculators.
Summary techniques were used in two other reviews (Burrill et al., 2002; Penglase & Amold, 1996) to
outline the impact of graphing calculators in mathematics. Penglase and Amold (1996) used research studies
conducted between 1990 and 1995 to determine the

impact of the graphing calculator in high school and
college mathematics classrooms. They attempted to
determine how the graphing calculator benefited student achievement in mathematics and what kind of
leaming environment allowed maximum benefits to be
attained. The researchers found the available research
to be "elusive and conflicting" (p. 59). Because traditional skill-based testing procedures were used to
evaluate student achievement, many studies reported
inconclusive findings. A slight majority ofthe studies
revealed that graphing calculator use is beneficial to
students in precalculus and calculus courses. However, in most studies, the differences between calculator and noncalculator groups were not significant. In
studies featuring students' understanding ofthe concept of function, the results were more favorable for
the calculator but still mixed.
Students' understanding of graphical concepts and
their capabilities with spatial visualization skills were
two areas that provided conclusive results in favor of
graphing technology. The positive correlation between
the development of spatial visualization skills and mathematical achievement was especially significant for
female students who had notable difficulties in this
area. The mixed results in their review led Penglase
and Amold (1996) to conclude that many pedagogical
issues need to be resolved before students will achieve
maximum benefits from calculator use in the study of
mathematics.
In a review commissioned by Texas Instruments
(Burrill et al., 2002), a group ofresearchers synthesized
the results of 43 quantitative and qualitative research
studies on the use of handheld graphing technology in
high school mathematics. The reports were chosen
according to specific criteria, including that the report
was published in a peer-reviewed joumal, the reported
research was conducted under rigorous conditions, and
the results were based on scientific evidence. The
review provides research findings, weaknesses in study
design, areas ofthe relationship between mathematics
and handheld technology in which rigorous research
has not been conducted, and implications for classroom
practice. The findings for mathematics achievement
include the following:
1. When compared with students without access to
graphing calculators, students using calculators had a
better understanding of mathematical concepts including functions, variables, applications of algebra, and the
interpretation of graphs.
2. The improvements in achievement were more
pronounced for low ability students when compared to
average or high ability students.
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3. Students with graphing technology spent more
time in mathematical investigations and problem solving activities than did their noncalculator counterparts.
4. Students were likely to use a graphing calculator
when they believed that a graph would help the problem
solving process, but when they felt the situation did not
require looking at a graph they were less likely to
incorporate other features ofthe graphing calculator in
the working ofthe problem.

allow for easy access to a function's roots and maximum and minimum values. Among other features, they
also allow for the collection of data with a calculatorbased laboratory (CBL). Therefore, this meta-analysis
provides results on mathematics achievement following student access to the basic graphing calculator
features that are applicable to the study of lower level
mathematics courses. These features are found in the
TI-82, TI-83, and TI-84 calculator models.

Purpose

Research Method

The meta-analysis outlined in this report was conducted to determine the effect of graphing calculators
in helping students develop the skills necessary to do
well in mathematics courses. Specifically, the metaanalysis provides information on the effect of graphing
calculators on student development ofprocedural skills,
conceptual skills, and overall mathematics achievement. Since prior reviews (Burrill et al., 2002; Penglase
& Amold, 1996) didnot use statistical methods, a metaanalysis of the available research in this area was
warranted. One focus of this meta-analysis was use of
graphing calculators in the application of mathematical
formulas and procedures; therefore, only studies that
used graphing calculators without computer algebra
system (CAS) capabilities were included (see the
appendix for a complete bibliography of studies included in this meta-analysis). Under this condition, all
ofthe studies available for analysis were conducted in
middle and high school mathematics courses and lower
level college mathematics classes through first semester calculus. The majority ofthe studies featured the
Texas Instruments TI-82, TI-83, TI-83 Plus, or the
Casio fx7400, fx7500, or fx7700.
The classroom standards currently are the TI-83
Plus and the recently released TI-84 Plus. The major
difference between these new graphing calculators
and the earlier versions is memory capacity and the
included or downloadable applications.
The capabilities of the TI-82 and TI-83 are the
most frequently used graphing calculator functions in
lower level mathematics classes like developmental
mathematics, college algebra, and precalculus, where
students do not need computer algebra system capabilities. The TI-82 and TI-83 (and the equivalent calculators produced by other companies engaged in the
development of educational technology) allow students
to graph and manipulate functions, as well as parametric curves, polar equations, and sequences. They have
zoom and trace features and provide students with a
table of function values. They include applications that

Study Gathering and Data Organization
The search for studies began with a thorough
perusal of education-related databases, including Education Resources Information Center (ERIC),
PsycINFO, Social Sciences Citation Index, Dissertation Abstracts Intemational, and the British Education
Index with the keywords graphing calculator, graphics
calculator, programmable calculator, mathematics
achievement, and mathematics attitude. As a research
report was read forpossible inclusion, its bibliography
was scanned for other appropriate studies.
A study was included if it (a) consisted of a
treatment group with access to graphing calculators
during instruction and a control group studying the same
subj ect without graphing calculators, (b) provided means
and standard deviations or other data from which an
effect size could be calculated, and (c) was based on
research conducted in a mainstream precollege or
college classroom. These criteria yielded 42 studies, of
which four studies did not state whether a calculator
(scientific or graphing) was allowed duringtesting. The
authors of these studies were contacted for the necessary information before data analysis began.
Once the studies were collected, data was gleaned
from each study for the calculation of effect sizes. The
standardized mean difference - the difference in treatment and control group means divided by a pooled
standard deviation (Lipsey & Wilson, 2001) - was the
effect size measure used. All but one of the studies
provided data necessary for calculation of an effect
size. The remaining study contained correlation coefficients that were converted to effect sizes by a formula
outlined in Lipsey and Wilson (2001). Hedges and
Olkin (1985) proved that raw effect sizes have
distribution bias. Therefore, the effect sizes were
corrected for this difficulty, and the resulting values
were used in the analysis.
Effect sizes were organized into categories based
on the achievement and attitude constmcts covered by
the studies gathered for evaluation. Twenty-eight studies
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provided data for analysis in more than one category.
With one exception, all studies provided only one effect
size for each achievement or attitude category. Shore
(1999) studied the procedural and conceptual
achievement of students in two different developmental
mathematics classes - Elementary Algebra and
Intermediate Algebra. Since achievement tests for two
different classes provided data for two pairs oftreatment
and control groups, each pair was considered a separate
primary study for analysis purposes.
With respect to the achievement category, data
based on student development ofprocedural skills were
analyzed separately from the data gathered on student
development of conceptual skills. Procedural skills
were those featuring the application of an algorithm,
rule, or procedure to complete the problem at hand.
Conceptual skills were skills used to understand mathematics concepts and to apply those concepts to a
variety of problem solving situations.
Data were included in these categories only if the
author (a) provided data from an achievement test that
contained only questions pertaining specificallyto students' procedural skills or conceptual skills or (b)
separated the scores from the procedural and conceptual questions of an overall achievement test and
provided data from which two separate effect sizes
could be calculated. Data from an assessment of a
combination of procedural and conceptual skills were
analyzed in a separate category. The studies that
provided data for this category were those that conducted an evaluation of overall mathematics achievement and did not state that the skills being assessed
were solely procedural or conceptual.
Another significant factor in the organization of
data was the role of the calculator in the assessment
process. The researchers of 26 studies allowed students in the treatment group to use graphing calculators
during assessment, but the remaining 16 studies did not
allow the use of calculators during testing. Therefore,
two separate analyses were conducted in each achievement category (procedural, conceptual, and combined).
One analysis, using the studies in which the calculator
was part ofthe assessment process, was to determine
whether the calculator helped extend student achievement beyond the actual treatment. The other analysis,
based on the studies that did not include calculators in
testing, determined whether students were able to maintain the skills they leamed during the treatment phase.
Attitude data was gathered for the six factors
outlined by the Mathematics Attitude Inventory (Sandman, 1980). The factors are (a) attitude toward mathematics (b) anxiety toward mathematics (c) self-concept

in mathematics (d) motivation to increase mathematical knowledge (e) perception of mathematics teachers
and (f) value of mathematics in society. Based on its
general nature, most ofthe attitude data gathered were
evaluated in the first category and were used to
determine if the students who used graphing calculators had better attitudes toward mathematics than did
theirnoncalculator counterparts.
All ofthe studies providing data for the other five
categories either used the Mathematics Attitude Inventory to assess a particular factor or used other
available measures like Fennema and Sherman's (1976)
Mathematics Attitude Scales. Four studies provided
data on student attitudes toward the use of calculators
in mathematics classrooms. These data were analyzed
in a seventh category to determine whether students
enjoyed having access to graphing calculators during
mathematics instruction.
Once the data were organized into the achievement
and attitude categories, a statistical analysis was conducted with the data in each category. The procedures
outlined in Practical Meta-Analysis by Lipsey and
Wilson (2001) were followed.
Statistical Analysis
Homogeneous data best represent the population
from which they were gathered, and each value in the
sample is an estimate ofthe population's effect size
(Hedges & Olkin, 1985). Hedges' Q statistic was used
to determine whether the data gathered for a constmct
were homogeneous. This statistic has a chi-square
distribution with n - 1 degrees of freedom, where n is
the number of effect sizes. A statistically significant
Hedge's Q statistic (i.e.,/j < .01) refiects significant
heterogeneity in the data and, therefore, the effect size
values are not estimates ofthe population mean. If this
was the case in the evaluation of data for an achievement or attitude category, then outliers were removed
one at a time until the remaining effect sizes were
homogeneous.
Huffcutt and Arthur' s (1995) sample-adj usted metaanalytic deviancy statistic (SAMD) was used to find
outliers. This process takes both effect size magnitude
and sample size into account when determining whether
or not a value is an outlier. SAMD is the difference
between a given effect size and the weighted mean
effect size (each value is weighted by its variance) of
the other values divided by standard errors of the
difference for all ofthe studies. A graph of all SAMD
values revealed possible outliers.
Once a homogeneous data set was ready for
evaluation the meta-analytic process continued.
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Sampling error is the primary reason for effect size
variance, but since there was the possibility that other
sources of variability were present, a random effects
model (Lipsey & Wilson, 2001) was used. Next, the
weighted mean effect size and corresponding confidence
interval for a category of effect sizes was calculated.
The weighted mean effect size is the best representative
ofthe population average effect size for a homogeneous
set. Cohen (1988) has provided some general size limits
for evaluating effect sizes, with the small, medium, and
large categories being effect size values near 0.2,0.5,
and 0.8, respectively.
The statistical significance of the weighted mean
effect size was determined by considering the corresponding confidence interval. If the confidence interval
did not contain 0, then the difference between the mean
assessment score of the treatment and control group
was significant in favor of one of the groups. If the
statistically significant weighted mean effect size was
positive, then the studies for that category showed that
the treatment group performed better than the control
group on assessment instmments. A negative weighted
mean effect size and confidence interval revealed that
the control groups outperformed the treatment groups
on assessment measures in that particular category.
Lastly, Cohen's (1988) U^ statistic was calculated for
each statistically significantweighted mean effect size.
To give a clear interpretation of an effect size value, the
U3 statistic converts the value to the percentage of area
falling below it on the standard normal curve (Cohen,
1988). The median score lying at the exact middle ofthe
standard normal curve is the value at which 50% of
students in the control group scored higher. Ujis the
percentage of students in the treatment group who
scored higher than the median score of the control
group.

Results
Overview ofthe Studies
Forty-two studies satisfied the criteria for metaanalysis and provided 97 effect sizes for evaluation.
The achievement constructs yielded 74 effect sizes;
the remaining 23 were generated for the attitude
constructs.
Fifty-two percent of the researchers randomly
assigned classes to participate in the treatment. Since
all of these studies involved intact classes, they were
conducted with quasi-experimental research designs,
and none were conducted under tme experimental
conditions. The remaining 20 studies used intact classes,
but they did not use random techniques to assign

classes to treatments. Eight ofthe studies appeared as
joumal articles, while the rest were doctoral dissertations or appeared in some other nonpublished form.
Over 90% of the researchers used teacher or
researcher designed tools for assessment of at least
one construct. Seven studies tested achievement or
attitudes with a standardized assessment instrument.
Three studies used a teacher-designed instrument to
assess one construct and a standardized instmment for
another construct.
Half of the studies were conducted in colleges (2and 4-year) or universities. High school students were
the participants in 40% of the research studies. The
remaining four studies were conducted with students in
grades 6-8. Forty-eight percent ofthe studies lasted 7
weeks or less. Forty percent ofthe studies were 8 to 15
weeks in duration, and six researchers conducted
studies that lasted more than half of the school year.
With respect to ability level, all but four of the
studies were conducted in mixed ability classrooms.
One researcher characterized the students who participated as students of low ability, while three reports
stated that high ability students were the focus of those
studies. The treatment groups in 17 studies used special
curriculum materials designed for the graphing calculator. The special materials took one of two forms: (a)
supplemental materials designed by the researcher or
(b) a textbook with a graphing calculator focus. For the
remaining 63% ofthe studies, the treatment and control
groups used the same, more traditional, curriculum
materials, including the same textbook.
The subjects covered by these studies varied from
algebra I to calculus. All four middle school studies and
12 ofthe high school studies tookplace in algebra I and
n classrooms, while six high school studies were
conducted in precalculus classrooms. The subjects
featured in the community college classes were developmental mathematics and college algebra. College
algebra, precalculus, and calculus were the focus ofthe
4-year college or university studies.
In all studies, the treatment groups used graphing
calculators that did not have a keyboard or computer
algebra system capabilities. The students in the control
groups were not allowed to use graphing calculators in
class or on homework assignments, but the teachers in
18 studies required them to use scientific calculators.
Two researchers stated that the control groups did not
have access to any type of calculator.
Results of Statistical Analysis
For each constmct, the statistical analysis was
conducted twice, once with all ofthe studies and once
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with outliers removed resulting in a homogeneous data
set. The weighted mean effect size, corresponding 95%
confidence interval, Cohen'sUj statistic, and the homogeneity statistic are presented for each analysis.
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scored higher than the median score of their nongraphing calculator counterparts on tests of conceptual
skills. When separating the studies according to research design (random versus nonrandom assignment
to treatment), the weighted mean effect size for the
studies usingrandomassignment was slightly smaller (g
= .24) than the weighted mean effect size for the studies
using nonrandom assignment (g = .31).
The value for the random assignment studies was
not statistically significant in favor ofthe treatment or
control groups, but the value for the nonrandom assignment studies was statistically significant in favor ofthe
treatment group. Since the ideal research design includes random assignment of subjects to treatments,
the results for the randomly assigned studies are most
applicable to the overall question of whether graphing
calculators help improve students' conceptual understanding in mathematics.
Twelve studies assessed students' overall mathematical achievement after having access to graphing
calculators during instmction. The weighted mean effect size for this homogeneous data set (g=. 19) was not
statistically significant in favor of the treatment or
control groups. An analysis of random assignment
studies compared to nonrandom assignment studies

Achievement Results
The top of Table 1 contains a summary of the
statistical analysis results for studies in which graphing
calculators were part of instmction but not allowed in
testing. The six studies assessing procedural skills were
homogeneous and yielded a weighted mean effect size
(g = -.21) which according to Cohen's (1988) criteria
was small. The 95% confidence interval contained 0, so
the effect size value was not statistically significant in
favor of either the treatment or control group.
Withrespect to conceptual skills. Hedges' Q statistic revealed that the 10 studies were heterogeneous.
Two studies (Tolias, 1993;Upshaw, 1994) were deemed
outliers. After their removal, the remaining 8 studies
were homogeneous with a weighted mean effect size
(g = .29) that represents a statistically significant
difference in favor of students who had access to
graphing calculators during instmction. This value is
represented by a U3 statistic of 61. Sixty-one percent of
students using graphing calculators during instmction
Table 1
Analysis of Mathematical Skills
Construct
Testing Without Calcutators
Procedural Skills
All studies
Conceptual skills
All studies
Outliers removed
Combined Skills
All studies
Testing With Calcutators
Procedural skills
All studies
Outliers removed
Conceptual skills
All studies
Outliers removed
Combined Skills
All studies
Outliers removed

a

Q

-.21

(-.54,. 13)

15.7

244

233

10
8

.38
29

(-.01,.78)
(.01,.58)

63.6*
20.3

396
314

366
284

12

.19

(-.02, .39)

22.2

470

400

10
7

.52
.32

(.11,.92)
(.04, .59)

70
63

60.8*
13.2

404
245

336
253

14
11

.72
.42

(.37,1.06)
(.18, .67)

76
66

79.9*
16.1

498
280

442
282

19
16

.35
29

(.09, ,61)
(.14, .45)

(A
61

151.8*
30.9

1,115

1,236

805

769

k

8

6

61

Nc

Note, k = number of studies; g = weighted mean effect size; CI = 95% confidence interval; U3 = percentage of area belowg
on the standard normal curve; Q = homogeneity statistic; Ng= combined experimental group sample size; N^, = combined
control group sample size.
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yielded similar results to those presented previously for
the conceptual skills. The weighted mean effect size for
the studies using random assignment (g = .02) was not
statistically significant in favor of the treatment or
control groups, while the weighted mean effect size for
the studies using nonrandom assignment (g = .46) was
statistically significant in favor ofthe treatment group.
Based on the fact that random assignment is the
research standard, the results for the randomly assigned studies are most applicable to the question of
whether the use of graphing calculators during instruction helps students on assessments requiring a combination ofprocedural and conceptual skills and not allowing
calculators.
The results for studies in which calculators were
used in testing and instruction are outlined at the bottom
of Table 1. With respect to procedural skills, the 10
effect sizes were heterogeneous, and three studies
(Ruthven, 1990; Shore, 1999; Wilkins, 1995) were
deemed outliers. The weighted mean effect size for the
remaining seven studies was reduced slightly in size (g
= .32), but the value was statistically significant in favor
of students who used graphing calculators. The Uj
statistic for this category revealed that 63% of students
using graphing calculators during testing and instruction
scored higher than the median score of the control
group on examinations requiring the application of
mathematical formulas and procedures. Separatingthe
studies according to research design (random versus
nonrandom assignment to treatment) did not yield
different results.
The results for conceptual skills were similar to the
results forprocedural skills. Three studies were outliers
(Cassity, 1997; Rodgers 1995; Wilkins, 1995), but the
remaining studies revealed that the students who had
access to graphing calculators during testing and instruction performed better than did their noncalculator
counterparts on assessments of conceptual skills. The
combined skills category contained the most effect
sizes of any category evaluated in this meta-analysis.
The 19 effect sizes were heterogeneous, but after
removing three outliers (Harskamp, Suhre, & Van
Streun, 1998;O'Neill 1994; Quesada & Maxwell 1994)
the test for homogeneity revealed that the remaining 16
studies were representative of the population from
which they were gathered. The statistically significant
weighted mean effect size (g = .29) revealed that the
students who had access to graphing calculators during
testing and instruction outperformed the students without access to graphing calculators on assessments of
overall mathematics achievement. An analysis ofthe
studies separated according to whether or not the

researchers randomly assigned classes to treatments
did not yield different results.
Attitude Results
Table 2 contains a summary ofthe results for the
attitude constructs. Three constructs (motivation to
increase mathematical knowledge; perception of mathematics teachers; value of mathematics in society) did
not provide enough data for analysis. Ofthe constructs
that were analyzed, the attitude toward mathematics
construct was most featured in the research studies.
The 13 studies in this category were heterogeneous
according to Hedges' Q statistic. After the removal of
one outlier (Giamati, 1991), the weighted mean effect
size was slightly smaller (g = .21) but was statistically
significant in favor of the treatment group. The students who used graphing calculators in these studies
while leaming mathematics had more positive attitudes
toward mathematics at the conclusion of instruction
when compared to their noncalculator counterparts.
Only two studies provided information to be analyzed for the anxiety toward mathematics construct.
The weighted mean effect size of 0.05 for this homogeneous data was not statistically significant. At the
end of graphing calculator treatment in these studies,
the anxiety level of students in the treatment groups
was no different than the anxiety level of students in the
control groups. The data from four studies generated a
weighted mean effect size of 0.45 for the self-concept
in mathematics construct. This medium sized value
was based on heterogeneous data, and after the removal of an outlier (Scott, 1994) the weighted mean
effect size was smaller at 0.06 but not statistically
significant. This value reflects that there was no difference in the mathematical self-concept of students who
used graphing calculators while leaming mathematics,
compared to the mathematical self-conceptof students
who did not have access to graphing calculators while
leaming mathematics.
With respect to student attitudes toward the use of
calculators in mathematics, four studies generated a
weighted mean effect size of 0.48. Hedges' Q statistic
revealed that this value was generated from homogeneous data. It was also statistically significant in favor
ofthe treatment group, reflecting that the students who
had access to graphing calculators while leaming
mathematics liked using them.

Discussion
The 42 studies gathered for this meta-analysis
represent all ofthe research reports the located through
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Table 2
Analysis of Attitude Constructs
Construct

k

Attitude toward mathematics
13
All studies
12
Outliers removed
Anxiety toward mathematics
2
All Studies
Self-concept in mathematics
4
All studies
3
Outlier removed
Attitude toward use of calculators
in mathematics
4
All studies

g

a

29
21

(.02,.56)
(.01,.40)

.05

Q

Nc

51.1*
22.7

611
560

504
444

(-.37.47)

1.3

69

58

.45
.06

(-.32,1.22)
(-.18,.3O)

43.4*
0.6

228
142

215
131

.48

(.27, .70)

2.7

274

141

61
58

68

Note, k=number of studies; g = weighted mean effect size; CI = 95% confidence interval; U3 = percentage of area belowg on
the standard normal curve; Q = homogeneity statistic; Ng= combined experimental group sample size; N^, = combined control
group sample size.
*p<.Ol

a thorough search of computer databases, inquiries of
mathematics educators, and scans of research report s.
The generalizations outlined in this section are based
on these 42 studies. Since 91% of the research
analyzed was conducted with high school or college
students, the results are most applicable to students
beyond the eighth year of education. All but three
studies were conducted in mixed ability classrooms.
Therefore, these results are best applied to similar
classes, not classes containing solely low ability or high
ability students. Ninety-three percent ofthe studies
were conducted in algebra (high school and college)
and precalculus classes, so the results are most
applicable to students studying these subjects. The
most prominent graphing calculator versions in these
studies were the TI-82, TI-83, TI-83 Plus, Casio
fx7500, or Casio fx7700. Therefore, the results are
based on student access to the capabilities found in
these calculators.
When graphing calculators are included in
mathematics instruction but not in the testing process,
the calculator does not help students develop the skills
necessary to apply mathematical formulas and
procedures. There is also no data to support that the use
of calculators hurts student development of these types
of skills. The graphing calculator is an aid to student
leaming with respect to the skills necessary to understand
mathematical concepts, even if the calculator is not
part of assessment. Under these same testing and

instruction conditions, the calculator is neither a help
nor a hindrance to students' overall mathematics
achievement, based on their use of a combination of
procedural and conceptual skills.
When graphing calculators are included in both
testing and instruction, students benefit from the use of
calculators in development ofmathematical skills in all
three categories that were analyzed (procedural, conceptual, and overall mathematics achievement). Based
on the U3 statistics for each category, students using
graphing calculators in testing and instruction performed better on achievement tests than did at least
60% ofthe students taught without access to graphing
calculators. Therefore, in all aspects of achievement
and all types of skills, students benefit from using
graphing calculators in mathematics instruction and
having access to them while being tested.
This meta-analysis also reveals that the graphing
calculator has a positive effect on students' attitudes
toward mathematics. Students who had access to a
graphing calculator during instruction reported an attitude toward mathematics that was better than 58% of
the students who did not have access to calculators
during instruction. Based on data from a small number
of studies, the graphing calculator does not have an
effect on students' anxiety toward mathematics and
self-concept in doing mathematics. The research also
supports that students who have access to graphing
calculators like using them while leamingmathematics.
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Conclusion

Based on the results of this meta-analysis, students
benefit from using graphing calculators in the study of
mathematics. The details outlined in this report provide
support for the position taken by many mathematical
organizations, including the NCTM, that graphing calculators should be an integral part of the study of
mathematics. Regardless ofthe mode of testing, graphing calculators help students with understanding mathematical concepts. Withrespect to overall achievement,
the results are most prevalent when calculators are
allowed during assessment. This detail is particularly
relevant to teachers and curriculum developers and is
apparent when comparing the results of studies that
allowed calculators in testing and instruction with the
results from studies in which assessments were conducted under different circumstances than those under
which leaming took place.
There were no circumstances under which the
students taught without calculators performed better
than the students with access to calculators. However,
students receive the most benefit from graphing calculators when they have access to them during both
aspects ofthe leamingprocess(instructionand testing).
Based on the studies evaluated, teachers should decide
what the role of the calculator will be in assessment
when deciding when and how to use them in instruction.
The search for studies revealed several areas in
which quantitative research is lacking. In particular,
more research is needed on retention of mathematical
skills after graphing calculator use. Further research is
needed on the general use of graphing calculators at the
middleschooUevel.
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