
Handheld Graphing Technology in Secondary Mathematics:
R e s e a r c h  F i n d i n g s  a n d  I m p l i c a t i o n s  f o r  C l a s s r o o m  P r a c t i c e

Prepared through a grant to 
Michigan State University

Gail Burrill • Director 

Jacquie Allison  

Glenda Breaux  

Signe Kastberg  

Keith Leatham  

Wendy Sanchez

H
an

d
h

eld
 G

rap
h

in
g

 Tech
n

o
lo

g
y in

 S
eco

n
d

ary M
ath

em
atics: 

R
e

s
e

a
rc

h
 F

in
d

in
g

s
 a

n
d

 Im
p

lic
a

tio
n

s
 fo

r C
la

s
s

ro
o

m
 P

ra
c

tic
e



Table of Contents

Acknowledgements

Overview i

Executive Summary iii

Introduction 1

Methods Used 7

Framework for Synthesizing Research on Handheld graphing technology 10

• Question 1: How do teachers use handheld graphing technology and 13
how is this use related to their knowledge and beliefs about technology,
mathematics, and teaching mathematics?

• Question 2: With what kinds of mathematical tasks do students choose 20
to use handheld graphing technology? How do students use the
technology to carry out these tasks?

• Question 3: What mathematical knowledge and skills are learned by 30
students who use handheld graphing technology? In what ways do
students use this knowledge and these skills?

• Question 4: What is gained mathematically by students using handheld 38
technology that cannot be observed in a non-technology environment?
In what ways do students use this knowledge and these skills?

• Question 5: What impact does handheld graphing technology have on 49
the performance of students from different gender, racial, socio-economic
status, and achievement groups?

Recommendations for Future Research 53

Endnotes 57

References for this Report 62

Appendix A: Policy and Practices 67

Appendix B: Research Summarized in this Report 69

Appendix C: Additional References 110



Acknowledgements

This report was made possible through the funding of Texas Instruments. We are
particularly grateful to Texas Instruments for allowing us to put the report together based
on our own beliefs about quality research and for accepting the findings regardless of
their implications. We would also like to express appreciation to Barbara Ridener from
Texas Instruments who met with us, listened to our concerns, and made sure that we had
what we needed to do our work. We wish to thank Jean Beland for her work on the
manuscript.

We particularly would like to acknowledge the Michigan State University researchers
Suzanne Wilson, Robert Floden, and Joan Ferrini-Mundy who authored Teacher
Preparation Research: Current Knowledge, Gaps, and Recommendationsi, a research
report prepared for the U.S. Department of Education by the Center for the Study of
Teaching and Policy in collaboration with Michigan State University, which served as
our template in writing this report. Because they created an outline we felt would be
useful for our audience, we followed rather carefully the way in which they framed their
work and the methods they chose to use in reviewing and accepting research for inclusion
in their synthesis. We are grateful to them for providing a model that can be generalized
and used to help consider existing research on any subject.

We would also like to acknowledge Penelope Dunham, Muhlenberg College; Thomas
Dick, Oregon State University; and Rose Zbiek, Iowa State University who helped frame
the project, provided advice about the research questions, and input on the final draft. In
addition, the report, in draft form, was reviewed by individuals chosen for their diverse
perspectives and expertise, and whose task was to provide frank and critical comments
that helped us make the report as objective, clear, and coherent as possible. We wish to
thank the following mathematics educators for their participation in the review process.
Their thoughtful and careful participation contributed immensely to the scholarship of
this report.

Edward Barbeau, University of Toronto
Christine Browning, Western Michigan University
Franklin Demana, Ohio State University (retired)
Thomas Dick, Portland State University
Penelope Dunham, Muhlenberg College
Pamela Giles, Jordan School District, Sandy UT
Kenneth Ruthven, University of Cambridge
Herbert S. Wilf, University of Pennsylvania

i Wilson, S. M., Floden, R. E., & Ferrini-Mundy, J. (2001). Teacher preparation research: Current
knowledge, gaps, and recommendations. Seattle, Washington: Center for the Study of Teaching
and Policy, University of Washington.



i

Overview

Handheld Graphing Technology at the Secondary Level: Research Findings and
Implications for Classroom Practice synthesizes peer-reviewed, published research that
addresses questions from five areas related to the use of this technology in teaching and
learning secondary mathematics: 1) teacher knowledge and beliefs about handheld
graphing technology, 2) nature of student use of the technology, 3) relationship of the
technology to student achievement, 4) gains made by students using the technology, and
5) influence of technology on diverse student populations.

From a field of over 180 research reports, the research team for this project chose reports
of 43 studies that met the criteria for inclusion in the synthesis. While trying to reduce
complex findings from the studies to simple conclusions is very difficult, some important
areas for consideration did emerge. A core finding from the research is that the type and
extent of gains in student learning of mathematics with handheld graphing technology are
a function, not simply of the presence of handheld graphing technology, but of how the
technology is used in the teaching of mathematics. Given supporting conditions, the
evidence indicates that handheld graphing technology can be an important factor in
helping students develop a better understanding of mathematical concepts, score higher
on performance measures, and raise the level of their problem solving skills.

The results provide findings in the following areas:

Comprehension The research indicates that students who used handheld graphing
technology with curriculum materials supporting its use had a better understanding of
functions, variables, solving algebra problems in applied contexts, and interpreting
graphs than those who did not use the technology. Students who spent more time using
handheld graphing technology showed greater gains than students who had access to the
technology for brief interventions or short periods of time.

Equity There is little research on issues of equity. The research on gender issues is
mixed with some studies showing no difference in achievement between males and
females while others have evidence of increased performance by females. Several
studies found that lower achieving students made larger performance gains when using
handheld graphing technology than did moderate and high achieving students. The use of
handheld graphing technology also seemed to decrease the performance gap between
higher and lower achieving students.

Professional Development The findings indicate that simply providing teachers with
information about how the technology functions is not likely to result in effective
integration in the classroom. Substantial professional development and support is
necessary for teachers to make informed decisions about how to best use handheld
technology in their classrooms.
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Usage There is considerable evidence that students use handheld graphing technology
when quick and accurate graphs will aide in their problem solving. Some evidence
suggests that handheld technology can be under used, especially when students are not
sure how to use the technology as a tool in their work or when they are unsure how much
written work is required. Other researchers indicated concern about students’ over
reliance on the technology, accepting results at face value with little critical thinking.

Approach The research indicates that students with access to handheld graphing
technology engaged in problem solving and investigations more often and were more
flexible in their solution strategies than students without access.

Mathematical Context The evidence shows that the mathematics and the technology
must work together for the outcomes to be most beneficial. Integrating, not simply
adding, the use of handheld graphing technology within the context of the mathematics
being studied can help students develop essential understandings about the nature, use,
and limits of the tool and promote deeper understanding of the mathematical concepts
involved.

The results highlight important considerations for teachers. In making informed
decisions about how and why they use the technology in their classrooms, for example,
teachers should be aware of the need to provide instruction on how to use handheld
graphing technology for a particular purpose and emphasize the connections among
representations. The report also identifies specific issues regarding the effective use of
handheld graphing technology in the classroom that have not yet been adequately
investigated. For example, there were no studies on the long-term effects of using
handheld graphing technology or about the potential of handheld graphing technology to
change the curriculum. There were few studies related to its use in grades 7-9. The
results also indicate that additional research is needed with regard to equity issues and the
relationship between technology usage and the beliefs held by teachers and students.
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Handheld Graphing Technology at the Secondary Level: Research Findings and
Implications for Classroom Practice

Executive Summary

Handheld graphing technology in the form of graphing calculators is a part of
mathematics teaching and learning in most high school classrooms in the United States.
According to data obtained from a national survey, as of 2000, over 80 percent of high
school teachers used handheld graphing technology in their classrooms.  Yet, questions
such as, “What is the nature of the tasks for which the technology is used?” “How do
students and teachers choose to use the technology?” “What is the impact of its use on
student understanding?” and “Which students benefit from using technology?” are open
questions.  Research can help us understand how technology may be a positive influence
on teaching and learning and how it becomes a barrier.

Differences in how handheld graphing technology is used in classrooms and in how its
impact is measured contribute to serious disagreements about the role of graphing
calculators in mathematics education, and their effect on students’ mathematical
understanding, ability to perform routine procedures, and facility with algebraic skills.
The purpose of this report is to summarize what rigorous, peer-reviewed research tells us
about key issues in the use of handheld graphing technology with content that is
traditionally included in secondary mathematics.  Research has examined questions about
student understanding and achievement, teacher knowledge and beliefs about
mathematics and technology, and issues of equity.  The results can provide directions for
those who are working to improve students’ understanding of mathematics with handheld
graphing technology.  The results also offer some implications for classroom practice that
should be considered by teachers who use handheld graphing technology in their
classrooms .

We examined more than 180 published research reports about handheld graphing
technology and found 43 studies that met our criteria for inclusion in the summary.
Reducing the complex findings in these studies to simple conclusions and brief
descriptions is both difficult and risky. Statements about student achievement with
handheld graphing technology are rarely unencumbered; many variables are involved in
the interactions that affect students’ mathematical understanding and performance. In
addition, the studies differed widely in scope, focus, and design, and in many instances, it
was difficult to determine whether there was consistency in the findings.   We have
chosen to group the studies in terms of their response to the central questions described
below and have examined the findings in each group for trends and discrepancies.i

Individual studies cannot tell us definitively how to proceed – and only occasionally will
accumulated work point us in definite directions.  While there is clearly a lack of
cumulative research in any one area related to handheld graphing technology, the work
does allow us to identify some important areas to be considered.  The research thus far,
while uneven, establishes promising groundwork for rigorous research in the future .



iv

The report addresses five central questions. Overall, research related to the use of
handheld graphing technology is relatively sparse, with a disparity in the amount of
research on which to draw when discussing each question.  Building a more complete
picture will take the development of more refined instruments and methods as well as
complementary research designs that collect both qualitative and quantitative data.

What Answers Does Research Give to Questions about the Use Of Handheld
Graphing Technology?

How do teachers use handheld graphing technology and how is this use related to their
knowledge and beliefs about technology, mathematics, and teaching mathematics?

Despite the opportunities offered by technology for teachers to change their teaching
practice, researchers report that teachers generally use handheld graphing technology as
an extension of the way in which they have always taught. In addition, research indicates
that the way teachers use the technology in their classrooms is often related to their
beliefs about mathematics.  If teachers perceive mathematics as a closed, answer-based
domain, graphing calculators are used accordingly in their classes.  If, on the other hand,
teachers emphasize conceptual understanding, making sense of ideas, and drawing
conclusions based on mathematical grounds, their use of the technology tends to reflect
these beliefs.  Teachers who emphasize connections among representations and sense
making in working with both the mathematics and the tool see the results in the
performance of their students.

Simply providing teachers with information about how the graphing calculator functions
will not lead to significant changes in their teaching practice. Substantial intervention in
the form of professional development and support is necessary if teachers are to make
informed pedagogical decisions when they and their students have access to handheld
graphing technology. Professional developers should expand their focus beyond the
functionality of handheld graphing calculators to include investigations into the role
technology can play to help teachers achieve their instructional goals and how it can
impact the very mathematics being taught.

With what kinds of mathematical tasks do students choose to use handheld graphing
technology?  How do students use the technology to carry out these tasks?

Research indicates that teachers’ beliefs and teaching methods influence how students
use technology. Students tend to use the methods that are illustrated and preferred by
their teachers.  In some cases, teachers leave the development of calculator skills largely
to the students; in other cases, student calculator use is strongly shaped by the teacher’s
decisions and interventions.

Most researchers found students used handheld calculators as a computational tool, to
move among different representational forms, and as a visualizing tool. The primary use
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of handheld graphing technology, however, was to graph. In some cases, researchers
found students used the technology to investigate and explore, but on tasks that did not
require graphing, their use of handheld calculator was minimal.  Research on using
handheld calculators to check solutions, varies.  There is some evidence that calculators
are over-used to the point that students rely on the calculator with little critical analysis of
the results.  Other evidence suggests that handheld calculators are under-used, especially
when students are not sure how to use of the calculator as a tool in their work or when
they are unsure how much written work is required.  Few studies examined the use of the
programming capabilities of handheld graphing technology or to its use in data collection
and analysis.

The evidence shows that the mathematics and the technology must work together for the
outcomes to be most beneficial.  Integrating, not simply adding, the use of handheld
graphing technology within the context of the mathematics being studied can help
students develop essential understandings about the nature, use, and limits of the tool and
promote deeper understanding of the mathematical concepts involved.  While some
evidence suggested that students use the technology in unexpected ways, most of the
studies were designed with specific uses and approaches in mind.  Few paid attention to
what students might do differently because they have access to the technology.

Learning to use the technology in ways that are useful can be complicated.  In particular,
studies related to the use of calculators with computer algebra systems (CAS) or
symbolic manipulators pointed out that learning to use the tool effectively is extremel y
complex, need to be mediated by the teacher, and takes considerable time.

What mathematical knowledge and skills are learned by students who use handheld
graphing technology? In what ways do students use this knowledge and these skills?

Not surprisingly, students using handheld graphing calculators generally learned what
they were taught either implicitly or explicitly.   Access seems to make a difference.
Students who spent more time learning to solve applied problems did better on those
problems, while students who spent time on procedures did better on those problems,
with the exception of students who had limited access to the technology.  The findings
from the studies that met our criteria also indicate that students who use handhel d
graphing technology have a better understanding of functions, of variables, of solving
algebra problems in applied contexts, and of interpreting graphs than those who did not
use the technology.ii  Students who used calculators with computer-assisted algebra
systems were better able to apply calculus concepts than those without that experience.
No significant differences in procedural skills were found between students who use
handheld graphing technology and those who do not.  This indicates that extensive use of
the technology does not necessarily interfere with students’ acquisition of skills.

The evidence that simply introducing handheld graphing technology into the classroom is
not enough to make a difference in student learning is relatively strong.  In addition to the
way in which the technology is used, time spent using the technology is a critical factor.
More access to the technology translates into greater impact on student learning.  Using
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graphing calculators with or without CAS for only short periods of time seems to benefit
lower-achieving students in terms of skills and accuracy but not conceptually.  The
research supports what some might suspect: the curriculum, student teacher interaction,
how the tool is used in the classroom, and students’ existing mathematical knowledge and
beliefs all appear to be significant factors in determining what mathematical knowledge
and skills are learned by students who use handheld graphing technology and how they
use this knowledge and these skills.

What is gained mathematically by students using handheld technology that cannot be
observed in a non-technology environment?  In what ways do students use this knowledge
and these skills?

Students with access to handheld graphing technology use graphs and engage in
mathematical explorations more often than students without access.  They are more
flexible in their solution strategies, make conjectures and move among algebraic, numeric
and graphical approaches, develop calculator-based strategies to manipulate symbolic
expressions, and work comfortably with real data.

The use of handheld graphing technology, however, may further extend students’
misconceptions about mathematical concepts, such as increased confusion between
rational and real numbers. They may accept visual images without question.  They may
be often misled by a lack of understanding of scaling and technical details such as the
interaction of the pixels with the visual representation. Simply using handheld graphing
technology is not likely to cause students to address these issues. Technical errors that
students make, such as syntax errors, may stem from their limited understanding the
mathematical concepts involved.

What impact does handheld graphing technology have on the performance of students
from different gender, racial, socio-economic status, and achievement groups?

There is little research on issues of equity.  Some of the research, particularly those
related to closing achievement gaps between groups, investigates differences among
those who received the same treatment in an experiment.  In studies where researchers
examined performance variability within, rather than simply between, the treatment and
control groups, the results usually indicated no significant differences in performance
could be attributed to gender, race, socio-economic status, or prior
knowledge/achievement.  However, some studies attributed differences in student
performance to one or more of these variables.

The research on gender issues is mixed.  Some studies show no difference in achievement
between males and females while others provide evidence of increased performance by
females using the technology on items where male performance was superior without the
use of the tool.  The observed interaction between genders and item types raises new
questions and offers opportunities to identify additional variables that contribute to
differential performance between genders.
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With regard to ability level, some studies found that lower-achieving students made
larger performance gains when using handheld graphing technology than did moderate
and high achieving students who also used handheld graphing technology. More detailed
information is needed about the specific contexts in which these differences arose.

Implications for the Classroom
Teachers use technology as an extension of how they already teach which, in turn, is a
function of what they know and believe about teaching, learning, and mathematics. If
change is desired, teachers need professional development that will help them feel
knowledgeable about technology and that focuses beyond the functionality of the tool to
incorporate the technology as a means of meeting mathematics learning goals. In
addition, professional development should provide opportunities for teachers to reflect
upon and discuss their beliefs about mathematics, teaching, and learning in relationship to
their knowledge and beliefs about the use of technology in the mathematics classroom.
Teachers should be prepared to respond to problems highlighted in the research; for
example, the confusion about some features of the calculator such as scaling issues and
failure of the technology to accurately represent discontinuities. Teachers should be
involved in helping students learn how to use the calculator with full recognition of its
constraints and potential.  They should also understand various profiles of student
behavior in order to design and implement appropriate mathematical activities using
handheld graphing technology. Students would benefit from confronting limitations of
the technology and considering how to make more effective use of the technology.
Attempting to explain these limitations can lead to better mathematical understanding.

Some researchers have pointed out that the use of multiple representations does not
ensure that students will make links between representations. Overall, researchers found
that reconciling different types of information is not intuitive but needs to be taught.
Students learn how to resolve conflicts between symbolic and graphic information.

Mathematical difficulties often point to curricular shortcomings, which may in turn
contribute to adverse effects whether or not graphing calculators are used. For example,
there is some evidence that students, both with and without the use of handheld graphing
technology, are low performing in algebra.  This suggests a need to reexamine how the
subject is taught. In addition, the ways in which students’ use or misuse the calculator can
reveal their lack of mathematical understanding that their written work did not. By
understanding how students typically use handheld graphing technology teachers can lead
students to the best uses in order to develop the desired mathematical knowledge .

Students who owned their own calculators more frequently exhibited a critical awareness
of the calculator.  Because regular access to the technology seems to have a positive
influence on learning, efforts should be made to provide all students with continual
access to handheld graphing technology, although, because of the particular learning
objectives and nature of understanding desired, some specific tasks may be designed to
be independent of the tool. Within classrooms, teachers should pay explicit attention to
issues of equitable access.  Once equitable access is ensured, teachers should attend to
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students’ patterns of use.  If systematic differences are noted, efforts are needed to
determine and address the underlying causes.  In some cases, addressing this issue may
be as simple as providing additional training for students.  In other cases, it may require a
reconceptualization of the rationale for using handheld graphing technology or a shift in
the role that handheld graphing technology plays in instruction.

Future research
The research we studied provides a starting point for efforts to better understand how to
effectively use handheld graphing technology in the classroom.  Research should be
designed both to look across schools and across content areas to support broad
generalizations and to take a close look at particular cases. Cases can identify promising
variables for inclusion in broad surveys, and surveys can position and help in the
interpretation of particular cases.  Because one study does not produce definitive results ,
multiple designs applied over time are necessary to build a knowledge base.

As we move forward, data collected about the use of handheld graphing technology
should describe the specific features of the context—including the handheld graphing
technology used, the content, and the aspects of use that are being investigated - not
merely counts and observations. Better descriptive tools for characterizing student
learning with handheld technology and for looking at factors related to this learning are
needed.

Research programs should have several characteristics. Design and reporting of research
on the use of handheld graphing technology must be explicit about connections to
improving student achievement.   Programs should include or facilitate comparisons
among different ways of using handheld graphing technology as well as between those
who use it and those who do not.  Research should include within-groups as well as
between-groups comparisons of students with and without access to handheld graphing
technology to determine if differential effects exist for students from different
backgrounds, in various contexts.  In addition, research on the use of handheld graphing
technology should include the length and nature of access to handheld graphing
technology, in particular studying student learning in situations with unlimited access
over several years and in a progression of mathematics courses. Finally, research more
explicitly informed by a historical perspective would help in sorting out issues that are
particular to technology from those that are independent of the technology.

Research on the use of handheld graphing technology is not robust.  Individual projects
look at specific pieces of the picture, but the pieces do not make a coherent whole and, in
fact, often seem unrelated. In addition to recommending that research be coordinated, we
recommend research designed to answer questions such as those described below.
Because the use of handheld graphing technology is not a variable that can be isolated but
is a part of the complex teaching and learning environment, such research, however,
should be done taking other factors in this environment into account.
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Recommendations: Research is needed in the areas of:

Teacher knowledge, beliefs, and experiences related to the use of handheld graphin g
technology

 How do teachers’ beliefs about handheld graphing technology explicitly affect
their use of graphing calculators in their teaching?

 What experiences in preservice and inservice education influence teacher beliefs
about the use of handheld graphing technology and how they choose to use it in
their classrooms?

 What is the relationship between high quality teacher preparation with respect to
handheld graphing technology and student achievement?

 What is the relationship between teacher beliefs and use of handheld graphing
technology and student beliefs and use?

Curriculum implications related to handheld graphing technology

 What is the role of handheld graphing technology in learning mathematical
content that is not part of the traditional mathematics curriculum?

 What is the role of handheld graphing technology in as providing access to
mathematics content earlier than would have traditionally been done?

 In what ways does the nature of the curriculum and tasks students are given
influence their use of handheld graphing technology?

Student beliefs, understandings, and characteristic s

 What are students’ attitudes and beliefs about the use of handheld graphing
technology and how do these affect student use of the tool?

 How do students who have access to graphing calculators compare in terms of
their use with respect to ethnicity, gender, geographic, and socio-economic
conditions?

Assessment

 What are the relationships between “high stakes” assessments and the use of
handheld graphing technology?

Many educators suggest that handheld graphing technology has the potential to
significantly affect mathematics teaching and learning.  Research can provide direction
and guidance for using handheld graphing technology in ways that support student
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learning.  By conducting rigorous studies of important questions and relating the results
to classroom practice, we can work to see that handheld graphing technology makes
positive contributions to improved mathematics education.

                                                
i This report is modeled on a report by Wilson, S.M., Floden, R.E., & Ferrini-Mundy, J. (2001).  Teacher
preparation research: Knowledge, gaps, and recommendations. Seattle, WA: Center for the Study of
Teaching and Policy, University of Washington.
ii For references and study details, see pages 30 - 37 of the full report.
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Handheld Graphing Technology at the Secondary Level: Research Findings and Implications for
Classroom Practice

Look around you in the tree of Mathematics today, and you will see some new kids playing around
in the branches. They're exploring parts of the tree that have not seen this kind of action in
centuries, and they didn't even climb the trunk to get there. You know how they got there? They
cheated: they used a ladder. They climbed directly into the branches using a prosthetic extension
of their brains known in the Ed Biz as technology. They got up there with graphing calculators.
You can argue all you want about whether they deserve to be there, and about whether or not they
might fall, but that won't change the fact that they are there, straddled alongside the best trunk-
climbers in the tree -- and most of them are glad to be there.”1

The introduction of handheld graphing technology into the secondary school curriculum began in 1986

with the Casio fx-7000G.2 Opinions differed then - and still do - with regard to the appropriate role of

handheld graphing technology in mathematics classrooms. The technology, however, supported the

creation of new visions for mathematics education, many of which called for broader access to deeper

mathematics for all students.3 This was especially true of the vision in the 1989 Curriculum and

Evaluation Standards for School Mathematics produced by the National Council of Teachers of

Mathematics (NCTM). The Standards asserted that scientific calculators with graphing capabilities should

be available to all students at all times.4 Mathematics educators responded to this challenge in a variety of

ways. According to Heid (1997), the technology use that evolved was based on four principles:

mathematics classrooms should be learner-centered; students should experience what it is like to be a

mathematician, learning should be enhanced through increased opportunities for reflection, and there

should be a shift in the locus of authority for learning in the classroom from teacher to student. Technology,

including handheld graphing technology, was seen as a way to realize these goals.5

This new vision for teaching and learning mathematics in a technologically rich environment suggested the

need for changes in mathematics curricula and new expectations for what should take place in mathematics

classrooms.6 In particular, some educators hypothesized that the use of handheld graphing technology

would have a significant effect on the way mathematics is taught.7 Several educators argued that changes

should be incremental and that essentially the same mathematics should be studied;8 others suggested that

the nature of the mathematics should be significantly different from that traditionally taught.9 Some

created opportunities to use the technology within traditional courses, for example the Calculator and
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Computer Pre-calculus Project (C^2PC).10 Others created new mathematics curricula, such as the Core Plus

Mathematics Project,1 where the use of graphing technology was integral.11

While some educators embraced the technology as a means to improve mathematics education, others

expressed concerns about its availability and possible negative impact. One concern was the possibility

that the calculator would absorb the attention of individual students to the exclusion of the mathematics.12

According to Heid (1997), additional concerns were related to:

• the possibility that students may become too reliant on the technology,

• the possibility that technology-infused curricula would simply replace one set of routine behaviors

for another rather than promote deeper understanding,

• financial constraints on poor schools and families, and the impact of this on equitable access to the

technology,

• questions about gender equity, in particular that the use of the technology would lead to greater

benefits for males, and

• the need for teacher preparation and support programs designed to promote effective technology

use.

In 1996, the introduction of handheld graphing calculators with computer algebraic systems (CAS)2 raised

additional concerns. Waits and Demana, pioneers in the use of handheld graphing technology, acknowledge

both a transformed vision of mathematics classrooms with CAS as well as controversy surrounding the use

of such symbolic manipulators.13 Learning how to use this new technology was unexpectedly complex. In

a long-term study on CAS calculator integration into mathematics teaching in France, the IREM3 team

found that teachers and students using the technology faced many situations that have no counterpart in

paper-and-pencil environments.14 This finding raises many concerns about technology-readiness, not

simply from the access perspective but also with respect to teacher and student preparation.

1 Information about the use of handheld graphing technology in the Core Plus materials can be accessed
through the website: http://www.wmich.edu/cpmp/overview.html
2 CAS calculators can carry out symbolic manipulation.
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Teachers who have little experience with handheld graphing technology express varied concerns about its

role in instruction and its possible impact on students. In some cases, as mathematics educators’ gained

more experience with handheld graphing technology, they began to view the tool as a means to improve

their practice.15 Ruthven (1992) reported on a teacher who initially expressed concern that the calculator

would increase cognitive demands on students and that it would lead to mindless manipulation. As his

experience with handheld graphing technology increased, his appreciation of the technology grew. He later

stated that the introduction of the graphical calculator had “revolutionized” his approach to the teaching of

many mathematical topics.16

Despite instances of successful small-scale implementation and integration, the use of handheld graphing

technology on a larger scale was uneven. In 1996, after conducting a survey of the research on the use of

calculators, Ruthven concluded that despite a ten year interval since their introduction, “calculators are

largely confined to the margins of classroom life; casually used, primarily instrumentally, and often

uncritically. Many important issues surrounding calculator use remain poorly conceptualized.”17 In the six

years since Ruthven’s evaluation of the state of research on calculators, handheld graphing technology has

become more available and research on its uses has become more accessible.

The National Research Council found that “instruction that makes productive use of computer and

calculator technology has beneficial effects on understanding and learning algebraic representation…”18

This report takes a comprehensive look at what we do know about the influence of handheld graphing

technology on mathematics teaching and learning of mathematical content taught at the secondary level.

The critical question was—and continues to be—“What impact does the use of handheld graphing

technology have on what students learn and how they learn?”

This is not an easy question to answer. Access to student thinking is difficult in any research, but

investigating student use of handheld graphing technology has the added complexity that there is no record

3 IREM translates from French as to Institutes for Research on the Teaching of Mathematics.
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summarizing research related to the influence of handheld graphing technology with content that is

traditionally taught at the secondary level and summarizes the main findings and gaps in the research.

Relevant Background

Any review of handheld graphing technology and its use in mathematics classrooms should begin by

considering relevant features of the educational context in which the technology is being used. First, the

use of handheld graphing technology is contested. The NCTM Principles and Standards for School

Mathematics calls for “wide and responsible use ”of technology,21 but there is no common understanding

within the mathematics education community of what this means. Attempts to be explicit are often

tempered by personal views of mathematics and what it means to learn and to teach mathematics.

Second, a focus of this review is how technology influences what mathematics students are learning and

how they are learning it. What constitutes achievement is also a matter of debate and in the views of some

educators may not necessarily be aligned with understanding, particularly in terms of scores on large-scale

high-stakes tests.22 The research reviewed in this report attempts to identify the kind of knowledge and

understanding that is being considered and to look at factors closely related to questions of student learning

such as teacher preparation and background, calculator access, and how what is taught is affected by the

technology.

Finally, the nature of handheld graphing technology has changed significantly and rapidly since its

introduction in 1986. Early tools gave way to increasingly more sophisticated calculators; calculators with

computer algebra systems were introduced in 1996, and in 1998 Flash ROM that allowed software

applications to be run on the calculator appeared. These significant changes in the nature of the calculators

over this time span add to the complexity of interpreting the relevance and significance of the research

literature produced over the last sixteen years. Findings about student use of the first graphing calculators,

that had limited list capabilities and fewer choices, may not be related at all to the way students use the

current generation of calculators and those with computer algebra capabilities.
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Despite these limitations, the available research on handheld graphing technology can point to some

overarching themes and conditional results that can assist researchers and educators in their efforts to make

the most of what handheld graphing technology has to offer. This report presents summaries of the

research since the introduction of handheld graphing technology in 1986 and describes some of the studies

more in-depth to illustrate the complexities of addressing questions about the impact of handheld graphing

technology on mathematics teaching and learning.
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Methods Used

We developed the methods for this report by building on the work of Wilson, Floden, and Ferrini-Mundy

(2001) who established a set of criteria to judge the quality of research included in a review of the

literature, developed tables for summarizing the included reviewed research, and developed a format for

reporting the results. We began by modeling our report on those three dimensions of theirs.4 In addition,

our criteria, stipulated that the research we included was “scientific” as described in the 2001 report from

the National Academy of Sciences on scientific inquiry.23 We added a dimension to the format for reporting

results, and made other modifications that were appropriate for the topic of handheld graphing technology

at the secondary level.

We identified possible studies by searching databases such as ERIC, First Search, Education Abstracts Full

Text, Academic Search Elite, Education Full Text, and WorldCat. We also searched the reference lists of

relevant meta-analyses, literature reviews and reports and examined the tables of contents of prominent

educational research journals. We contacted researchers and teacher educators for their recommendations,

consulted web sites related to the use of technology in education, and reviewed the references cited by

other researchers in their work on calculator usage. Scholars reviewed drafts of this report and suggested

studies that were missing. When possible, we asked the original researchers of the studies included in this

report to verify our summaries and interpretations of their work. We also reviewed what scholars have

written about the nature of quality educational research.24

Selection Criteria

The following criteria were used to select research studies for review. We sought research that was:

• Published: The studies have been published in a scientific journal that uses independent peer
review before accepting research for publication.

• Relevant. The research questions in the study speak directly to the questions framing this report.

4 Wilson, S. M., Floden, R. E., & Ferrini-Mundy, J. (2001). Teacher preparation research: Current
knowledge, gaps, and recommendations. Seattle, Washington: Center for the Study of Teaching
and Policy, University of Washington.

The model developed by Wilson, Floden, and Ferrini-Mundy was very useful in organizing our approach to
the task, and consequently, we used it to frame our results. The report can be found at www.ctpweb.org.
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• Evidence based. The studies offered evidence (quantitative, qualitative, or both) for conclusions,
rather than merely describing possible uses or potential areas of change.

• Rigorous. The studies included in this review met accepted standards in relevant research
traditions.

• Scientific: The design called for direct, empirical investigation of an important question,
accounted for the context in which the study is carried out, was aligned with a conceptual
framework, reflected careful and thorough reasoning, and disclosed results to encourage debate in
the scientific community.23

Differences in how research is conducted and reported across continents and within countries made it

difficult to synthesize studies from other countries, but where the work was deemed relevant and based on

well grounded research, it has been included. One point to note here is that there is no common

international consensus about what constitutes secondary mathematics. As a result, some of the studies

reviewed consider mathematical content that would not typically be taught in United States high schools.

Most of the studies we reviewed were reported in English, although as part of the selection process several

were translated into English, then evaluated for possible inclusion.

Based on the above criteria, many articles we located were not included in the final review. We looked

carefully at over 180 references, of which 43 studies are included in this review. Three of the studies were

reported in multiple articles, making a total of 47 reports summarized in this review. Details on each report

can be found in Appendix B. The review includes most of the rigorous empirical studies cited by authors of

literature about the use of handheld graphing technology. It does not include meta-analyses and research

reviews because the original work in these studies was often incongruent with the criteria established for

inclusion in this review. Although there are studies related to the role of visualization in teaching and

learning mathematics that focus on the use of computer technology, these studies were not part of this

review unless they also addressed at least one of our questions with respect to the use of handheld graphing

technology. Of the 43 studies included in this report, 14 were at the post secondary level; three

investigated the use of handheld graphing technology in grades 6-9. The studies were done in Great Britain,

France, Sweden, South Africa, New Zealand, Australia, the Netherlands, Israel, and the United States.

Postsecondary mathematics was the area investigated in 14 of the studies; 20 concentrated on topics from
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precalculus or calculus. Seventeen of the studies were comparative or quasi-experimental involving some

element of randomization in their design.

For the most part, we did not include books, book chapters, or monographs unless there was evidence that

their publication was subjected to a review process approximating that of scientific journals. Dissertations

were not included because it was impossible to determine the exact nature of the review process and the

rigor for each dissertation within the time frame for this project. A final point is that, while a considerable

amount of research exists on the use of computers in mathematics teaching and learning, the differences

between computers and calculators in areas such as access, screen size, and interaction between user and

machine might significantly affect outcomes. For this reason such research was excluded.
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Framework for Synthesizing Research on Handheld Graphing Technology

Because the studies varied widely in scope, focus, and design, it was difficult to determine whether there

was consistency in the findings. We have chosen to group the studies in terms of their responses to five

central questions with a set of sub-questions raised by policy makers, educators, and the public. We then

looked across the findings in each group for trends and discrepancies.

Question 1. How do teachers use handheld graphing technology and how is this use related to their

knowledge and beliefs about technology, mathematics, and teaching mathematics? What do teachers know

and believe about handheld graphing technology and how is this related to their beliefs about mathematics

and mathematics education?

Question 2. With what kinds of mathematical tasks do students choose to use handheld graphing

technology? How do students use the technology to carry out these tasks?

Question 3. What mathematical knowledge and skills are learned by students who use handheld graphing

technology? In what ways do students use this knowledge and these skills?

Question 4. What is gained mathematically by students using handheld technology that cannot be observed

in a non-technology environment? In what ways do students use this knowledge and these skills?

Question 5. What impact does handheld graphing technology have on the performance of students from

different gender, racial, socio-economic status, and achievement groups?

Structure of the Report

The information relevant to each question is organized in four parts: findings, weaknesses in the studies as

reported, gaps in the larger body of literature, and implications for classroom practice.
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Findings

This section provides a synthesis of the results of all studies included in the review. The process for

selecting the literature included in this section is described in the section on methods.

Weaknesses

This section describes the difficulties that we faced in our attempts to make generalizations based on the

literature included in the review. These weaknesses were rooted in the rationale, research design, analysis,

or reporting process.

Gaps

This section describes areas of research for which we had difficulty locating literature that met our

standards for rigor. There were three main sources for the information in this section. First, when reporting

their own research, authors often make calls for future research. These statements were compiled and

considered. Second, implications are often stated in studies. These implications are usually not the result of

scientific investigation but rather the authors’ perceived application of their research to the field. Thus,

some implications were interpreted to be calls for future research—they are claims that, while growing out

of reported research, have yet to be researched in their own right. And finally, as we reviewed this body of

literature, there were questions that we thought should be asked that have not been, as well as questions that

were asked but never answered. These too have been interpreted as gaps in the research.

Implications for Classroom Practice

The remarks in this section are a compilation of conclusions made by researchers directly related to

classroom practice as well as some of the implications they made about teaching and learning as a result of

their work. As in the “gaps” section described above, these implications should be topics of further

research but can also provide guidance and framing for the use of handheld graphing technology in

classrooms.
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Appendices

Appendix A briefly describes policies and practices related to the use of handheld graphing technology in

the United States. The discussion addresses the nature and extent of the use of handheld graphing

technology in secondary mathematics classrooms and in introductory post-secondary mathematics courses

and considers some of the policies that are in place that might affect the extent of use.

Appendix B contains the complete references for the studies summarized in this report and more detail

about the findings for each of the five questions.

Appendix C contains the additional references on the use of technology in mathematics classrooms.
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Question 1: How do teachers use handheld graphing technology and how is this use related to their

knowledge and beliefs about technology, mathematics, and teaching mathematics?

The teacher was pushing students to make sense of the display on their calculator. “Does the calculator

always tell the truth?” “To what extent should we believe the calculator?” 24In a study of a precalculus

class, students investigated a decay situation using a small cup of M&M candies, where each candy had an

M on one side. The candies were spilled on the table, those with the M removed, the process repeated with

the remaining ones until none were left. The students concluded that an exponential function modeled the

decay process. One student observed that even though they ended up with zero candies, the model did not

attain a zero value since you can divide by two infinitely without getting zero. Another student using the

table for the exponential function found that for very large values of x, the function appeared to reach the

value zero. The discussions that followed, directed by the teacher, began to help students understand that

the calculator was a tool, but that its use depended on their own mathematical understandings. The teacher

had great confidence in her ability to use the technology effectively in her classroom. The learning

environment she sought to establish emphasized open-ended mathematical investigations and multiple

representations for justifying mathematical conjectures. Her beliefs greatly influenced the ways in which

and purposes for which technology was used in her classroom.

The above example illustrates the contexts in which researchers have investigated teacher use of handheld

graphing technology. We reviewed 14 research articles that reported on 12 studies. The studies fell into

three general categories. The first category, exploring teachers’ knowledge and beliefs about the use of

handheld technology, included eight studies,25 and the second, also comprised of eight studies, asked

questions relative to what teachers do in the presence of handheld graphing technology.26 The third group,

consisting of four crossover studies, looked at the relationship between teachers’ roles and their beliefs.27 In

addition, in one study that was reported in two different articles, the authors researched the relationship

between teachers’ roles and beliefs and students’ approaches to learning.28 Each of the categories described

above is organized into three main sections with findings, weaknesses, and gaps for each section. The

samples reported in the three categories included studies of individual teachers, a study involving 27
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secondary teachers, and a large-scale investigation of 296 students and their teachers divided into two

experimental groups and one control group.

What do teachers know and believe about handheld graphing technology and how is this related to their

beliefs about mathematics and mathematics education?

Findings

There appears to be a positive relationship between teachers’ beliefs about mathematics and their beliefs

about the use of handheld graphing technology. One study29 found that rule-based teachers were less likely

to perceive handheld graphing technology as an enhancement to instruction, and more likely to notice the

affective aspects of their students’ reactions to graphing calculators. On the other hand, non-rule based

teachers perceived calculators as integral to instruction and were more likely to focus on the cognitive or

conceptual aspects of their students’ responses. According to another study,30 teachers who believed that

students needed to know how to do mathematical procedures by hand before using calculators held

philosophical orientations focusing primarily on teacher control of the ways students were using technology

while those teachers with less rigid beliefs about the necessity of mastery before calculator use were more

apt to give students more freedom in how they chose to use the technology.

Weaknesses

The research provides little information about what teachers, in general, know about handheld graphing

technology. Some research participants appeared to be well informed whereas others seemed to know very

little. Teachers’ knowledge of and familiarity with a graphing calculator’s functions undoubtedly influence

the ways in which and the activities for which they use the tool, but our literature search did not return any

reports of studies that adequately explore this relationship. While a number of studies investigated teachers’

beliefs, few provided any description of teachers’ knowledge.
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Gaps

More thorough investigations of teachers’ belief systems using methodologies appropriate for

understanding beliefs are needed, specifically, studies on teachers’ beliefs about handheld graphing

technology, mathematics, and mathematics education, and how these three systems interact.

There is also a lack of research that examines the circumstances under which teachers’ beliefs about

handheld graphing technology shift either towards acceptance or towards rejection. Although research on

beliefs often reports teachers’ beliefs about the constraints that minimize their use of technology, more

research is needed that provides insight as to how teachers come to reject or embrace handheld graphing

technology in the presence or absence of such constraints.

How do teachers use handheld graphing technology in their teaching?

Findings

How teachers used graphing technology in their teaching varied extensively. For example, one study found

that “the use of the [graphing calculator] was associated with higher levels of discourse in the classroom,

including higher-level questioning by the instructor and more active learning behaviors by the students”.31

Another study32 reported three classroom norms that a teacher developed concerning the graphing

calculator: 1) multiple approaches for conjecturing and confirming relationships between variables; 2)

requiring that results be justified on mathematical grounds; and 3) interpreting results within problem

contexts.

As might be expected but is often overlooked, significant changes in teaching did not necessarily follow

when handheld graphing technology was introduced into mathematics classrooms.33 A study of six 11th and

12th grade teachers found that the teachers “used graphing technology as an extension to the way they

always taught”.34 After reviewing teaching practices in classrooms where handheld graphing technology

was used, a study of 12 classes of 16 and 17 year old students in the Netherlands concluded that the

“adjustment of teaching practices to provide for more problem solving activities will not develop



16

spontaneously” when graphing calculators are introduced into instruction.35 In response to similar findings,

several researchers concluded that a need exists for professional development that provides opportunities

for teachers to reflect on their knowledge, beliefs, and philosophies about mathematics, teaching, learning,

and technology.36

Weaknesses

Some studies that sought to answer the question of how teachers used handheld graphing technology in

their teaching relied only on teachers’ self-reports of classroom activity. However, because most of the

studies also relied on classroom observation, this weakness is not a severe impediment. A larger concern

is that there is often no clear coding or observation protocol reported that would enable consistent

interpretation and reporting on how handheld graphing technology is being used and its impact on teachers

and students.

Gaps

There is an apparent lack of research that provides information not only about the uses of handheld

graphing technology but also on the significant aspects of the contexts in which these uses occur. The

mathematics education community needs the means to determine which aspects of the context are related to

the outcomes they seek, or seek to avoid. In its current state, the body of literature seems to implicitly assert

that teachers function in a vacuum–that the use of handheld graphing technology is an artifact of the tool

itself rather than the reasons for its use and the content, curricula and students with which it is used. Future

research should seek to explore in greater depth the relationships between the use of handheld graphing

technology and the classroom norms that give meaning and purpose to those uses. Specific areas in which

there is little research include teachers’ use of calculator-based probes and use of an overhead projection

unit.

What is the relationship between teachers’ beliefs about handheld graphing technology and how that

technology is used in their teaching?
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Findings

Teachers’ knowledge, beliefs, and personal philosophies influence how they use handheld graphing

technology in their teaching.37 For example, one study38 found that teachers with a rule-based view of

mathematics were less likely to shift their teaching practices toward investigation and problem solving

when the handheld graphing technology was introduced into their classrooms. Although many early

advocates of handheld graphing technology expected its introduction to shift teachers’ roles toward that of

facilitators or consultants, these shifts do not always occur and depend largely on teachers’ beliefs and

knowledge.39

In addition, teacher’s beliefs about handheld graphing technology and mathematics education may

influence classroom norms for use of the tool. For example, in a study of a teacher with 20 years experience

working in two classes of 15 students each,40 the teacher shared beliefs about the limitations of handheld

graphing technology and the importance of understanding the meaning of the numbers in an equation with

the class. During instruction, the teacher emphasized meaningful interpretation of calculator output and

required that students explain the parameters in the equations based on the original problem context. The

students’ approach to handheld graphing technology appeared to be influenced by the teacher’s beliefs and

related actions. They developed reasonable skepticism about calculator-generated results, which led to a

norm requiring that conclusions be based on mathematical grounds. Having learned the limitations of

various equation models, they were less likely to use regression equations to approximate graphs because

they were required to explain the parameters of equations with precision. Influenced by their teacher, they

began to use handheld graphing technology flexibly, as a tool that could be used to investigate a range of

properties of a function’s graph.

Weaknesses

Although researchers have asked questions about teachers’ beliefs about technology, the methodologies

that have been used thus far do not necessarily support a deep understanding of beliefs. Few of the articles

we located provided theoretical descriptions of the term belief and what it means for beliefs to be related to

each other or to practice. In addition, researchers in the area of beliefs have explicitly warned against



18

inferring what people believe based solely on what they say.41 Studies based solely on self-reports or brief

classroom observations are not likely to reveal significant insight into the nature of a teacher’s beliefs about

the use of handheld graphing technology in the teaching and learning of mathematics. In order to develop

an understanding of a teacher’s beliefs and the relationships those beliefs might have with the role of

handheld graphing technology in the classroom, researchers must have a more thorough, triangulated set of

data, and analysis should follow rigorous standards.

Gaps

Researchers suggested that professional development programs should pay special attention to certain

beliefs in particular, such as beliefs about the necessity of mastering mathematical procedures manually

before using technology,42 teachers’ philosophical orientations,43 beliefs about the nature of problem

solving,44 and about mathematics.45 In addition, they suggested, “more attention needs to be directed to the

inherent mathematical and pedagogical challenges in technology-enhanced classrooms if the goal of a

problem-solving and investigative learning environment is to be realized”.46 Studies need to be conducted

to test these assertions. In addition, researchers need to address explicitly both the potential and the

constraints of how teachers’ beliefs relate to their use of handheld graphing technology in their classrooms,

including an opportunity to consider the various ways their students may approach the use of the

technology.47 Many of the studies involved teachers who volunteered or were already committed to the use

of handheld graphing technology; there is little research on teachers who are skeptical, yet forced by some

set of circumstances to incorporate the technology into their classrooms.

Implications for the classroom

Teachers use technology as an extension of how they already teach which, in turn, is a function of what

they know and believe about teaching, learning, and mathematics. Unfortunately, the history of educational

reform has shown that this implication is not as obvious as it would seem. Allocating large sums of money

to place technology into classrooms will not likely result in large changes in classroom instruction. Because

the mere availability of handheld graphing technology does not precipitate a change in teaching strategies

for all mathematics teachers, professional development should provide teachers the opportunity to explore
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the role technology can play in helping them achieve their instructional goals as well as how technology

can impact not just how but what mathematics is being taught.

Further, if the aim of professional development is to promote improvement (change) in teaching practices,

teachers need professional development that will help them feel knowledgeable and comfortable with

technology—that focuses beyond the functionality of the tool to incorporate the potential and the

constraints of the tool. In addition, an implication that can be inferred in these studies is that teachers’

beliefs about the use of handheld graphing technology need to be addressed explicitly in teacher

preparation and development programs. Teachers should have opportunities to reflect upon and discuss

their beliefs about mathematics, teaching, and learning in relationship to their knowledge and beliefs about

the use of technology in the mathematics classroom. Professional development and technical assistance and

support need to be ongoing complements to implementing the technology into classroom practice.48
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Question 2. With what kinds of mathematical tasks do students choose to use handheld graphing

technology? How do students use the technology to carry out these tasks?

Sample Task: Given the function y =
x3

x 2 −1
, draw the graph and describe the function with as complete

reasoning as possible.

This task, from a 1996 Swedish study49, is an example of the type of tasks that students commonly use a

graphing calculator to solve. One of the primary characteristics of tasks for which students choose to use

handheld technology are those beginning with the phrase, “Draw a graph.” In addition, the presence of a

function or equation within a problem, even without direction to draw its graph, also seems to affect

students’ use of a graphing calculator

What do students do in using the calculator as a tool in solving the task? The research described above

indicates that teachers’ beliefs and teaching methods have an effect on how students use technology.

Students tend to use the methods that are illustrated and preferred by their teachers. In some cases, teachers

leave the development of calculator skills largely to the students themselves; in others student calculator

use is strongly shaped by teacher decisions and interventions. The Swedish study reported that students

used the graphing calculator to find a solution, then copied the figure from the screen to their paper. The

students’ errors indicated an incomplete understanding of the information displayed on the calculator

screen and included errors such as interpreting the curve as a third degree function, drawing the asymptotes

as integrated parts of the curve making it appear continuous, omitting asymptotes altogether, and reporting

the points at which the asymptotes were connected to the curve as local maxima and minima. This

illustrates that even when a task directly suggests a graphical solution, in order to use the calculator

successfully, students need to be familiar with the mathematics surrounding the task at hand and recognize

how the limitations of the calculator can inhibit understanding of the mathematics.
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Findings

This section describes the tasks used in the research described in this report and how students involved

technology to solve them. The study results are not necessarily described; the section is focused on

considering the nature of the work students do with handheld graphing technology. Of the fourteen studies

we examined, eight are focused on how students’ use of the technology might affect their understanding of

mathematics or improve their mathematical performance.50 The others dealt with the students’ interaction

with the calculator as they used it on a variety of tasks.51 Three of the studies were comparative with two of

the studies comparing two classes of students in advanced high school mathematics while the third study

investigated 131 university calculus students in treatment and control classes. The other studies were

interpretative studies based on interviews, observations, analyses of student work, and surveys of samples

of students ranging from 7 students in one study to 68 in another. The tasks students were asked to perform

in the studies had two different purposes: the investigation of students’ choice of solution strategy

(spontaneous use) and the investigation of students’ use of the calculator.

Student choice of solution strategies in the presence of handheld graphing technology

Research about students’ choice of solution strategies is dependent on the tasks researchers used in their

investigations. The framing of these tasks varied. In some cases, students were given a task that required

interpretation of the graphs produced by the calculator, rather than given situations in which they were

allowed to choose whether to use the calculator to solve the problem. For example, in four of the tasks

presented in one study52 students were shown graphs that were already in the viewing window and asked to

find solutions, making sense of what they saw. To examine students’ understanding of function and limit

when they have access to a graphing calculator during instruction, another study53 presented tasks based on

problems with graphs entered into the calculator and investigated how the student used the calculator in

such instances. A third study54 provided similar tasks but did not require task solutions. Instead, they asked

students for their preference of solution method- graph, table of values, or equation – and compared the

preferences of those who had used graphing calculator technology to those who had not.
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Using a different approach, a study of 25 Australian 10th and 11th graders55 presented students with eight

different types of problems and held clinical interviews where students were presented with mathematical

tasks and asked to think out loud. Students had to sketch graphs, find points of intersections, and interpret

calculator displays. The problems encouraged or directed graphing calculator use with instructions like,

“you may use the graphics calculator to help you” or “display the graph of the function… on the graphics

calculator.” Researchers in another study of three classes of ninth grade students in Israel56 who were

investigating students’ concept images of linear and quadratic functions administered a questionnaire in

which students had to both interpret given graphs or partial graphs and create their own representations.

We found little research on students’ spontaneous use (individual choice of solution strategy with or

without the technology) of handheld graphing technology. A study57 examining the work of 404 students

on 6 of the 19 questions found on the Tertiary (University) Entrance Exam in Australia reported the number

of students they believed used the graphing calculator on each of these problems and described what

seemed to be the students’ calculator solutions. The researchers selected problems in the study that

involved determining limits, finding a bounded area, analyzing functions, and solving equations with

complex numbers. The actual problems were listed in the report, along with the correct responses. While

the selected problems were, in the opinion of the researchers, problems that would elicit calculator use, they

offer no evidence that the actual problems motivated student use of the calculator. However, the study does

begin to give us some idea of whether students chose to use the graphing calculator on problems that we

believe they will.

We reviewed only one study, an analysis of the responses of 11th and 12th grade students in Sweden to a

six-item test58 that was specifically designed to give students the option of using the graphing calculator.

All of the tasks could have been solved without using the calculator. Four of the six problems on a test

used in the study were appropriate for graphical solutions and thus, graphing calculator use. Students

preferred symbolic methods on one of these problems: sin x = .5. One of the tasks was too trivial (solving

a system of simultaneous equations), while another did not elicit any graphing calculator help. The other

three problems were tasks for which the graphical solutions were chosen by the students: solve the equation



23

x3 – 3x = ln x; given y =
x3

x 2 −1
, draw the graph and describe the function with as complete a reasoning as

possible; and solve the equation

sinx + 2cosx =
3
2

.

One of the research studies59 about the use of calculators with computer assisted algebra systems (CAS)

provides evidence that such calculators give students, after a limited amount of instruction, a significant

advantage on the sorts of questions included in a test for which designers believe such calculators would be

an advantage. The researchers selected tasks for which a calculator with a symbolic manipulator would be

an advantage. For example, short questions involving factoring, expanding, solving equations,

differentiation, integration, and complex numbers can be easily answered using a symbolic calculator,

particularly if the tasks are procedural and the students have recently practiced such tasks. Students who

had been through four one-hour training sessions and worked through a module to practice solving such

calculator positive tasks with a symbolic calculator scored significantly better than their counterparts

without the calculator advantage. Thus, they could successfully use the calculator on the calculator friendly

tasks. However, when they were not allowed the use of a symbolic calculator, the experimental group did

not perform better than the control group on the formal university calculus entrance exam, a calculator

neutral test that required intermediate steps in solutions or values from such steps, answers in formats not

given by the calculator, the use of variable coefficients, and re-writing given incorrect solutions. Thus, it

appears that with the four weeks of instruction, students successfully used symbolic calculators for

procedural tasks they had practiced, but such limited use did not transfer to tasks that are calculator neutral

or affect their conceptual understanding of the mathematics involved.

How students used handheld technology

Three of the studies we examined classified students’ strategies for using handheld graphing technology.

In analyzing their data, the researchers in one study60 categorized five overlapping patterns and modes of

graphing calculator use, which the study describes in the following way: the use of a graphing calculator as

a 1) computational tool, 2) transformational tool, 3) data collection and analysis tool, 4) visualizing tool,
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and 5) checking tool. Though the actual tasks are not included in the article, the researchers state that

students were expected to create models based on patterns they observed, and they made use of calculator

based measurement probes in classroom activities. In a second study61 researchers developed a model

describing different types of student users based on their investigation of how the graphing calculator can

be turned into an instrumental tool for solving mathematical tasks. In the model, students used the

calculator to mimic calculator strategies they had observed before and memorized, to aide in drawing

conclusions through calculator investigations which yield consistent results, to investigate a wide range of

imaginative solution strategies, and to verify theoretical solutions. A third study62 suggested that the

graphing calculator encouraged students to use the calculator for exploring mathematical ideas and

encouraged them to use flexible solution procedures.

Students used a graphing calculator to produce graphs. When asked for a sketch of a graph, students would

use the calculator’s graph as a model for their sketch.63 Three studies64 reported on how the graphing

calculator was used as a visual and transformational tool. Students used graphs to answer questions by

tracing the graph or examining a table to find numerical answers. One65 study described students’ in exam

conditions where they graphed a logistic function to help determine its inverse, a rational function to

produce a sketch of its graph, and given functions to help evaluate requested limits.

There was some evidence that experience with handheld graphing technology influences students’

approach to mathematical tasks. One study66 pointed out that the students who used graphing calculators

were more likely to have a graphical preference on both contextualized and non-contextualized problems

than students not using technology. A study of student’s exam responses and work,67 however, found that

students made minimal use of the calculator for tasks that did not require a graphical response. Technology

rich environments seem to affect the way that students think about mathematical tasks and, thus, whether or

not they choose to use technology.

A few students used a program or built-in functions that are available on some calculators. In one

interpretative study, the teacher was able to help students develop “multiple ways for conjecturing and
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confirming hypothesized relationships between variables”.68 There was some evidence that students use

graphing calculators in ways that we do not expect. In one task, students were to graph z = rcisθ . Some

students chose to graph it using polar coordinates or parametric equations on their graphing calculators.

The authors stated, “Although these methods are obvious in retrospect, we had not anticipated them”.69

There is conflicting evidence, however about whether students used handheld technology for checking or

confirming algebraic work. Two interpretative studies70 claimed that students used the graphing calculator

for refining answers and the graphs produced by the calculator to support algebraic work. From classroom

observations and videotapes, one study71 concluded that one use of the graphing calculator was as a

checking tool. Another based on studying exam scripts and student interviews,72 however, claimed that the

students in their study did not use the graphing calculator to verify algebraic work. There was also

conflicting evidence on whether handheld technology is over- or under-used. Some studies claim the

graphing calculator was under-used.73 For example, one study found that students seemed to use traditional

algebraic techniques in preference to the calculator; 21 percent did not use a graphing strategy to solve a

problem even when there was a time advantage to do so.74 On the other hand, in a survey of students and

their tutors involved in a distance-learning course,75 the tutors (individuals who monitor, support, and

assess student progress in the course) were concerned about calculator dependence.

Several studies also reported on how students misuse the graphing calculator.76 Misuse or

misunderstanding of scaling and zooming was most often described. Cases in which students overlooked a

solution since it did not appear in the standard window or mistakenly identified a quadratic function as a

linear function because the graphing window only showed a partial picture illustrate typical

misinterpretation in graphing calculator use. Another example of calculator misuse was the dependency of

some students on the graphing calculator’s version of a graph without considering its limitations. Students

simply copied the graph as pictured omitting asymptotes or incorrectly connecting various parts of graphs,

since that was how the graph appeared in the viewing window. There were also some additional difficulties

associated with the use of a symbolic calculator, such as using an incorrect syntax for formula entry leading

to an incorrect answer and the difficulties of accessing correct sequences of key presses.
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In studying 37 exam responses and student work, researchers77 found that many students had trouble

integrating algebraic and graphical information. When the students encountered a conflict between the

two, some disregarded the graphical information in favor of the algebraic while others did the opposite.

Some students did not appear to realize that the solution to an early part of a question had any relationship

to the graph they had to produce in a later question. Only 14 percent used strategies that linked the two, 27

percent recognized the link but could not integrate the two, and 43 percent did not recognize the

connection.

Weaknesses

Students do not use calculators if they have limited experience with the technology. Some studies

examined students who had little experience with handheld technology.78 In one study, not summarized in

this question,79 participant exposure only lasted the duration of the two-week study. In another study,

students only had access to graphing calculators during class study sessions.80

To understand when students choose to use handheld graphing technology and what they do when they use

the tools, it is necessary to see the tasks they are given and the work they do around the tasks. When trying

to determine the actual tasks for which students turn to technology as a tool of choice, we are limited to

looking at the type of tasks that were created or selected by the researchers, few of which were below the

pre-calculus level. We were further limited by the fact that the spontaneous use of handheld technology was

seldom the focus of the majority of the research we reviewed. Some studies include the tasks used in their

study,81 but many do not. Other researchers offered generalized descriptions of the mathematical tasks

presented to their participants and gave examples of the tasks.82

Underutilization of technology can occur if the level of written symbolic reasoning that is expected is

unclear to students, especially when involved in high stakes testing. In the study of responses to questions

on an Australian university entrance exam,83 for example, students appeared to be concerned about how

much reasoning needed to be evident on their Tertiary (University) Entrance Exam paper in order to gain
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full marks for a task. Confounding variables such as these are not always addressed as well as they might

be in the research design.

When interviews were used as a method of gathering data, protocols were often omitted from the

descriptions of the studies. Participant selection methods in the majority of studies about the nature of

student use were either not described or were limited to students in intact classes. In some cases the

students self-selected the class. Self-selection could imply particular interest in or prior use of the graphing

calculator by the student. In addition, some students may have chosen a course because of the time it was

offered and other scheduling conflicts. Although self-selection isn’t necessarily a problem (unless students

at the school are not usually allowed to choose their own class), either of these cases could have an effect

on the results. More information about interview protocols and about how students were selected to

participate in these studies would add to the validity of the conclusions reported.

Gaps

More information about how students are using technology to perform particular types of tasks would be

helpful. Although several studies reported that some students used the graphing calculator in unexpected

ways when solving calculus problems on an exam, more knowledge about the strategies students use with

technology would be useful. There were some important areas in which we found no studies. For example,

we found no studies on how students think about mathematics when they have full access to handheld

graphing technology and whether this thinking is different from that of students who do the mathematics

without the technology. Among the studies examined for this report few focused primarily on the ways in

which students spontaneously used the graphing calculator.

In addition, the bulk of the studies we analyzed reported students using handheld graphing calculators, but

only a few addressed the use of calculators with symbolic manipulation capabilities. More information

about the use of CAS would improve the body of knowledge about how students choose to use this feature

of handheld technology and about how students construct meaning from the tasks they do.
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Finally, there were no studies in those reviewed that examined how students used handheld technology

associated with plane geometry or statistical tasks and only one study that investigated trigonometry. The

research primarily focused on functions and coordinate graphing, and not on the use of the technology to

perform simulations, make statistical plots, manipulate data, work with inequalities, or collect and analyze

data. In addition, most of the research was about upper level mathematics. Very few studies looked at

middle grades students’ use of handheld graphing technology, despite the availability of handheld graphing

technology specifically designed for those grade levels and the degree of use in mathematics at that level.5

Knowledge of the role of technology in how students develop initial understandings of mathematical

concepts and the issues involved would seem to be desired ground work for the ways in which students use

the technology and the mathematical knowledge they have gained with that technology in later grades.

Implications for the classroom

Research on students’ use of handheld technology suggests two insights for the classroom. First, tasks and

technology used to achieve and assess instructional goals should be aligned. Second, teachers must allot

adequate time for instruction on the use of the tool and to ascertain students’ competence with it.

Teachers who have gained competence in using the technology to solve mathematical tasks then have a

two-fold responsibility. They must take time to teach their students to use the technology, including

efficient methods as well as the limitations of the technology, and they must design appropriate tasks with

the technology in mind. Guin and Trouche (1999) point out that establishing a relationship with graphing

technology takes time, but they note that instruction time lost while working with the calculator will be

made up in future activities since students will have a better understanding of when and how to use it.

They also argue that taking into consideration the ways in which students typically use the calculator can

help teachers lead students to the best uses and understanding of the technology.

When examining how students use the handheld technology to solve mathematical tasks it is clear that both

teachers and students need to understand what the calculator can do and what its technical limits are. Some

5 See Appendix B for detailed information on content and grade use of handheld graphing technology.
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researchers84 offer evidence that a lack of understanding of the technical limits of the technology results in

its misuse. If, as one study85 points out, successful use of the technology requires a basic mathematical

knowledge in order to accurately interpret the results obtained from the graphing calculator, teachers need

to identify this knowledge for the tasks they give and ensure that students have the appropriate

mathematical foundations. The tension students face in resolving the difference in graphic and algebraic

approaches to solutions should be addressed in instruction, with students given experience in making links

between the representations and dealing with apparent conflicts. In addition, careful examination of

student work may reveal students’ lack of mathematical understanding by how they use or misuse the

calculator in ways that their written work may not reveal.86

Finally, teachers must be prepared for multiple and surprising student approaches. For example, in the

Swedish study,87 students were expected to use graphing to solve a system of linear equations problem, but

instead, some chose to solve it symbolically and others by using matrices.
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Question 3. What mathematical knowledge and skills are learned by students who use handheld

graphing technology? In what ways do students use this knowledge and these skills?

We located and reviewed 23 research reports relevant to students’ mathematical learning in the presence of

handheld graphing technology. Of these, five papers reported findings on students’ learning of functions,88

four on the learning of algebra,89 six on the learning of pre-calculus,90 and eight on the learning of

calculus.91 Fifteen studies92 were experimental or quasi-experimental with learning measured by scores on

achievement tests. The studies ranged from 710 students in a U.S. precalculus university class93 to three

classes of ninth graders in Israel.94 Many of these studies used posttests composed primarily of questions

students have traditionally been expected to solve without a calculator. For example,

The function P(x) = (x+1)(x-3) represents the total daily profit of a high school pizza stand, where

x is the number of pizzas sold daily.

a) Graph P(x),

b) What values of x make sense in this problem situation if the profit is to be positive?

c) Find the number of pizzas you must sell daily to obtain a profit of at least $12.00 a day.95

Using questions such as these, the researchers investigated the relation between student learning and their

ability to use and interpret graphs made with handheld graphing technology.

The remaining seven reports dealt with interpretive studies that provided detailed accounts of student

learning and suggested factors that affect what students learn. Together these studies provide macro- and

microscopic views of student learning, both of which are necessary to study environments in which

students are using handheld graphing calculators.
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Findings

Function

The five papers that reported on student learning of function suggest that students’ use of the calculator

helped them develop their understanding of function. One study96 found, in general, that students using

handheld graphing calculator technology and a text that supported its use had a significantly better

understanding of function than students in traditional classes. Specific findings about students’ knowledge

and skills included the following: students using handheld graphing calculator technology were better at

selecting appropriate dimensions for the axes when graphing functions, preferred graphical representations

of functions for problem solving, exhibited a dynamic notion of function, and were better able to develop

representations of whole graphs of functions from partial graphs.

Algebra

We reviewed four papers that reported on students’ learning of algebra. In three large-scale studies,97 the

curricular materials used were written assuming the availability and use of the technology, and the

technology was used as a tool in the teaching and learning of mathematics. These studies reported gains in

student learning: advanced understanding of variables,98 improved ability to solve algebraic problems set in

realistic contexts,99 “improved understanding of graphical representations and applications”,100 and no

significant differences in procedural skills. The treatment in the remaining study101 consisted of using

handheld graphing technology for two weeks in a class not specifically designed with the use of technology

as a tool. Students were shown how to solve algebraic equations graphically using the technology. The

researchers reported that students in the treatment group preferred to solve algebraic word problems

symbolically. No student used graphing as a solution method. Results here are inconsistent and may be

due to the way the technology was used with students. These differing results suggest that the role of

handheld graphing technology in the curriculum may have an impact on student learning.
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Pre-calculus

Two of the research reports we reviewed on the learning of pre-calculus were large-scale comparative

studies. One study102 found that pre-calculus students using handheld graphing technology with a textbook

designed to be used with the technology outperformed control groups on a departmental final exam that

included questions involving word problems and the properties of functions, graphs, and equations. The

second study103 compared the performance of students with one year of access to handheld graphing

technology with students who had no regular access to technology on a test on graphing polynomials. No

differences were found between the two groups’ abilities to interpret a given graph; however the treatment

group performed significantly better when asked to develop a symbolic model for a given graph.

The remaining studies were interpretive and provided detailed accounts of student learning of vectors, use

of symbolic and graphical methods, and modeling. In a study of students’ learning of vectors104 researchers

reported two students’ understanding of magnitude and direction of a vector was based on their

understanding of certain functions of their calculator.6 In addition the students were able to use their

understandings in ways they had not been taught. For example given the direction of a vector and one of its

components, one of the students studied was able to use the SOLVE capabilities of the calculator to find the

other component. These findings suggest that for some students, their use of a graphing calculator changes

the nature of their learning. This is not always the case, however, as a study of three pre-calculus students

implies. 105 The students retained a preference for symbolic procedures despite continuous instructional

emphasis on graphical methods. Various reasons were given for this finding including emphasis on

symbols in previous teaching, current course assessments, and homework. Hence, the tool alone does not

appear to be a catalyst for learning. Other factors involved were suggested in the findings of a study about

students’ development and validation of mathematical models.106 Four different development and

validations strategies were constructed based on students’ responses to open ended modeling tasks. Factors

identified as influential in students’ development and validation of models included mathematical

knowledge, association of the problem with student experience, and tool use.

6 ABS[(I,J)] and ARG[(I,J)]
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Not surprisingly, the results of both the comparative and interpretative studies suggest that the tool alone is

not enough to make a difference. Student learning is influenced by various factors beyond the tool itself

such as the role of the tool in the curriculum, interaction with peers and teacher, assessments used, and the

reflective nature of the individual student.

Calculus

Because calculus is commonly a secondary subject in many countries and for some students in the United

States, studies about the use of handheld graphing technology in calculus at both the postsecondary and

secondary levels have been included in this analysis. Some studies done at the postsecondary level107

attempted to determine the effect of the calculators with Computer Algebra Systems (CAS) on students’

exam performance. These studies compared students using handheld graphing calculator technology with

students using CAS. On department final exams, students using CAS did significantly better overall on

items that required single and multi-step computations. However, results of students’ performance on more

complex items were mixed.7 These results suggest students using CAS for a whole course are advantaged

in some ways.

In studies where less time was spent using CAS, the benefit appeared to be restricted to lower achieving

students whose scores on computational problems improved. In one such study the treatment condition

lasted for only 4 hours.108 Students’ performance on a calculator advantaged (problems were easier to solve

with CAS) pre- and posttest showed significant gains for low achievers but no differences in the scores of

high achievers. The researchers suggest, however, that the gains of the low achievers were not conceptual.

The instruction and use of CAS had no effect on a calculator neutral test or on students’ performance on the

entrance exam where only standard graphing calculators were allowed.

Three reports109 of a study designed to investigate calculus students' problem solving strategies seem to

confirm the need to spend significant time using CAS in order to see gains in ability to apply calculus

7 Connor and Snook (2001) and Keller and Russell (1997) both reported gain on more complex problems
for the treatment groups in their studies, but Keller and Russell’s finding was called into question by their
subsequent study (Keller, Russell, & Thompson, 1999)



34

concepts. Students exposed to three conditions (one year with calculators, two months with calculators, no

calculators) were studied. Of the two treatment groups, the group using the graphing calculator all year

performed significantly better on a posttest that did not include graphical items than either students who

used the calculators for two months or not at all. In addition, "students who used the graphics calculator

over a long period used a graphical approach"110 as well as algorithmic approaches, while students who use

the calculator for a short period of time substitute graphic solution strategies for all other approaches

taught. The repertoire of solution strategies students used seemed to be enlarged. These studies seem to

indicate that experience and length of time with access to the technology is a factor in using handheld

graphing technology to aid in learning and doing mathematics.

One study111 of students’ understanding of calculus attempted to link student performance with teachers’

actions. Three teachers helped design a curriculum unit they taught with CAS. There were no significant

differences between the mean class scores on a posttest; however differences between students’

performances on specific items were significant. In particular, students whose teacher illustrated

connections between representations and emphasized concepts made much less use of the calculator but

with greater success than did students whose teacher focused on technological and algebraic approaches.

The mathematical knowledge and skills learned by calculus students with graphing calculators, based on

these studies, included the ability to apply concepts and use problem solving strategies. Time appears to be

a factor in the development of these skills.

Summary

The conclusions are not surprising. In general, students using handheld graphing calculators learned what

they were taught, either implicitly112 or explicitly. Access seems to make a difference. Students who spent

more time learning to solve applied problems did better on those problems on a problem based assessment

while students who spent time on procedures did better on these problems. The exceptions seem to be

students who have limited access to the technology.
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While it may seem obvious, the outcomes reinforced the fact that student learning of mathematics with

handheld graphing calculator technology is not a function of the technology alone. In addition to length of

time with access, student teacher interaction, how the tool is used, and existing mathematical knowledge

and beliefs of the student all appear to be significant factors.

Weaknesses

One major weakness of many of the studies we found and reviewed was their inadequate or incomplete

descriptions of the instruments used, participants, and data analysis procedures. This was a problem for

studies that reported using several instruments to collect data. For example one study,113 noted that

students were interviewed after they completed the course, but there was no description of the questions

students were given. In general participants were simply described as students enrolled in a mathematics

class with no other demographics provided. Few of the studies provided examples of how students’

responses or interview data were coded, and the actual responses of the students were not always explicit.

For instance in one study,114 four solution strategies were identified and described, but no examples of

student work were provided.

Another weakness of the studies reviewed was their incomplete descriptions of the uses of and access to the

technology. Five115 of the 23 studies reviewed for this question did not specify the type of handheld

graphing technology the students used. In general the studies did not provide information about the

students’ history of calculator use,116 and only three117 of the reports were specific about how students used

the technology to learn mathematics.

The majority of the instruments used by researchers were self designed and untested with no reliability

statistic provided. Studies that used final examinations as posttests attempted to establish content validity

by circulating items among course instructors, but no internal and external validity was reported.
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Gaps

The majority of the research reporting mathematical knowledge and skills learned was associated with

function, algebra, pre-calculus, and calculus. Yet no two studies could be described as studying student

learning of the same mathematical concept. The existing research can be used as a base for further work,

but a cumulative body of linked research focused on key mathematical concepts is needed. Overall, the

research should include a focus across mathematical concepts. In particular, studies on how students’

mathematical reasoning and views of proof are affected by the use of handheld graphing technology would

be important.

The findings of the studies we summarized indicate that a collection of variables influence students’

mathematical learning when they have access to handheld calculators. Studies that consider variables such

as time, access, interaction, prior mathematical knowledge and beliefs, and history of calculator use are

needed to explain when and how the use of technology affects student learning.

The focus of the research we investigated was on student learning of standard or accepted course content

and concepts. No study in our report investigated the potential of handheld graphing technology -what it is

possible to learn. Two studies that did so but did not meet our criteria for inclusion, suggest that the use of

technology provides opportunities for students to investigate and learn mathematics that they could not

without the tool.8 The mathematics community would benefit from rigorous studies publicly shared that

examine students’ learning of mathematical concepts traditionally considered inaccessible to high school

students because of the complex nature of the mathematics, tedious calculations, or limited time.

Implications for the Classroom

The findings from these studies suggest that teachers should attend to certain factors that can affect what

students learn using handheld graphing technology. Students should understand the mathematics

independently from the use of the calculator. “Students who do not own the concept of function cannot be

8 The two studies not included in this review were Lagrange (1999) and Zarzycki (2000). While they did
provide clear examples of how students made us of the technology, the reports did not meet our criteria
regarding a discussion of the author’s data analysis.
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expected to be able to use the graphing calculator to its fullest benefit”.119 Students should have experience

over time to gain the most benefit from the use of calculators.

The nature of the curriculum and the assumptions made about the role of handheld graphing technology in

the curriculum are important. With or without graphing technology, there seem to be parts of the

curriculum on which students do poorly. Students in both experimental and control groups did not do well

on multiple representations of algebraic ideas and on understanding function as an entity rather than a

process, suggesting that teachers might need to rethink how they approach these ideas. Because students

using handheld graphing calculator technology learn to solve problems using multiple methods, teachers

should be prepared to help students examine those methods to see when they generalize or what

assumptions or limitations might be inherent in a particular method.

As with any tool there are dangers that teachers should recognize in using handheld graphing technology.

Students can use the graphing calculator to replace algorithmic strategies. Researchers note this may a

problem among low achievers, and teachers should be alert to the fact that low achievers may be especially

prone to learning procedures on the calculator without conceptual understanding, suggesting that just as

with pencil and paper, procedures may be easily forgotten. Students’ knowledge of mathematics may

affect how they use the calculator. Traditional tasks such as graphing are easy to perform with the

calculator, but teachers have to look beyond and within the task to identify the mathematics students should

be learning. Instruction should be designed so the tool can assume more of the computational and

representational burden of a given task enabling students to focus on more complex tasks such as a

synthesis of results. Some educators make the assumption that using graphing calculators promotes student

involvement in the problem-solving process; however more evidence for this claim is needed. Using

graphing calculators to motivate student involvement is also an unsubstantiated claim. These suggest that

teachers should be alert to making these attributions to their students without any real evidence.
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Question 4. What is gained mathematically by students using handheld technology that cannot be

observed in a non-technology environment? In what ways do students use this knowledge and these

skills?

“Teacher: Can you shift the graph of y = x2 two places to the right?

Johan: y = x2 + 2. (He enters this and presses GRAPH.) Oh no! y = x2 + 2x. GRAPH…that’s not right

either.

Alex: y = x2 + 4x + 4, no that’s not right, the graph shifted two places to the left. So then it is y = x2 – 4x +

4. That’s right.”120

This excerpt from a mathematics lesson illustrates one of the primary uses of graphing calculators in a

technology-enhanced environment. This conversation took place with students who were quite familiar

with the technology. Would students in a non-technology environment be able to solve the problem posed

in the same way? Would their knowledge of transformations of quadratic functions be the same? What

does research tell us about the mathematical gains of students in classrooms where handheld technology is

used?

Findings

We examined eleven studies that compared students who used handheld graphing technology to those who

did not. Overall, the findings indicate that the use of handheld technology had a positive impact on student

performance. These studies examined students’ conceptual understanding of function,121 their solution

strategies,122 their ability to link representations and understand the attributes of functions,123 their

performance on a comprehensive final exam,124 and their use of a symbolic calculator on procedural

problems that were deemed calculator friendly.125 The sample sizes ranged from 710 precalculus university

students to 128 community college students studying functions to three classes of ninth graders in Israel.



39

Ten additional studies that looked more closely at students’ mathematical gains in a technological

environment were useful in more clearly defining students’ gains and the ways in which they used their

knowledge and skills. These studies126 included highly focused case studies, classroom observations,

student surveys, and analysis of work of students in upper level mathematics from the United States, Great

Britain, New Zealand, France, and the Netherlands.

Mathematical gains

Three studies found improvement in students’ conceptual understanding of function when using handheld

graphing technology when students were in courses with specific curriculum changes in addition to the

introduction of the technology. A study of community college students on their understanding of

function127 reported that using handheld graphing technology with a conceptual change activity designed by

the researcher to encourage the students to examine their conceptions before instruction took place

significantly improved application of the concepts of domain and range and the selection of appropriate

dimensions for the rectangular coordinate system for graphing functions. A large-scale study of 118 ninth

and tenth graders in New Zealand128 reported that students who used handheld graphing technology with a

curriculum specifically designed to take advantage of technology9 exhibited significantly better conceptual

understanding of variable than those who did not use the technology. A third study129 of intermediate

algebra students in a large university in the United States found that students who had continuous access to

the graphing calculator and studying in a curriculum that was designed with a balance of calculator and

traditional problems were more likely to treat functions as objects rather than a process and had a

significantly better understanding of functions than the control classes.

Three studies found evidence of an improved ability to link the three (symbolic, graphical, tabular)

representations as well as an improved understanding of the attributes of functions. One study130 found that

with extended use of the graphing calculator, students developed a particularly strong relationship between

symbolic and graphical forms of functions. A second study131 reported that students in a function-based

curriculum and using graphing technology did better on multiple representations of algebraic ideas
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requiring representational fluency than the control group, but the mean score on these items for both groups

was below 33 percent. In the third phase of a 20-year research and developmental project in Israel,132

researchers examined junior high school students’ concept of function. While students in the second phase

of the project, the comparison group, had studied a function-based curriculum, the students in the third

phase were the only ones who had access to graphing technology. The researchers reported that the use of

multiple representations made possible with a graphing calculator increased the students’ ability to justify,

report, criticize, and reflect on their own practice. In addition, the graphing calculator students made

reference to more examples and linked them to transformations more often than the non-calculator students.

Students with access to handheld graphing technology outperformed those without access on multi-step

problems, problems involving applications, and those using real data. Two of the studies that supported

these findings examined large secondary curriculum projects in the United States: the University of

Chicago Mathematics Project (UCSMP)133 and Core-Plus Mathematics Project (CPMP) students.134 Both

of these curricula assume technological availability and include activities designed to exploit this

availability by asking students to generate graphs, make conjectures and move among algebraic, numeric

and graphical approaches. The results indicated that those who spent time practicing symbol manipulation

became better at manipulating symbols. Not surprisingly, the students in these studies had learned what

they had the opportunity to learn. Researchers investigating intermediate algebra students in a large

university135 also found significant differences in favor of the graphing-approach for students working with

real data. In this study the treatment group again used a text in which there was a balance of calculator and

traditional problems allowing students to explore, estimate, discover graphically and to approach problems

from a multi-representational perspective, while the control group used a text that covered the same topics

but emphasized memorization of facts and procedures and becoming proficient with paper and pencil

calculations. However, despite the fact that they had not spent time with symbol manipulation strategies,

students in CPMP who used handheld graphing technology had learned a variety of alternative, calculator-

based strategies for manipulating symbolic expressions.
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There is some indication that technology allows different teaching strategies and together with the use of

handheld graphing technology can have an impact on student performance.136 The researchers comparing

710 precalculus students at a large U.S. university found a difference in the overall performance on a

comprehensive common final exam between students taught using a graphing calculator with some

didactical changes—made possible in part by the graphing tool—and students taught in the traditional way

while also using a scientific calculator. Test scores of the experimental groups were considerably higher

than those of the control group on functions, graphs, word problems, and equations.

While the development of algebraic skills in a technology rich environment does not seem to be impaired,

there is some discrepancy in what the research says. The study of the CPMP students137 reported that,

although not significantly different, treatment students were not as proficient as control students at

manipulation of symbolic expressions by hand; the treatment students had, however, learned a variety of

alternative, calculator-based strategies for accomplishing the same goals. On the other hand, in the

UCSMP study138 both treatment and control groups performed comparably on items testing algebraic skills

as presented on a posttest at the end of the study. Here, however, the test did not include some of the topics

in a traditional second year algebra course because they are treated at a later point in the UCSMP

curriculum. The New Zealand study of 13 and 14 year olds139 learning algebra established no significant

difference in skills between graphing calculator and non-graphing calculator students. And, no significant

difference was found between the scores of treatment and control classes in a study of college intermediate

algebra students140 (although the treatment classes had a slightly higher mean score overall on the

departmental exam used to measure traditional algebra skills) or on the multiple choice section of the

precalculus final at another university.141

We examined four studies related to the use of symbolic calculators.142 A study of students performance on

a university entrance examination in New Zealand reported that students who had been through a four hour

training session and worked through modules to practice solving calculator friendly tasks with the

calculator scored significantly better than their counterparts without the calculator advantage.143 However,

when parallel tasks that removed the calculator advantage were presented to the students the calculator
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offered them no advantage over the control group. In addition, they failed to outperform the control group

on the formal university exam, where they were not allowed the use of a symbolic calculator.

All three studies found that students gained an awareness of potential and limitations of the calculator. In

one study, the researchers observed that the more graphing calculator manipulations were mastered, the

more students were able to involve themselves in mathematical work.144 In the study of two classes of

French upper secondary students, researchers observed a real change in most students in their relation to

mathematics and their own self-confidence. The researchers classified students according to the way they

approached their mathematical work and found for those whose work methods were categorized as

mechanical and random, the results were not positive. Depending on their mathematical knowledge, such

students had to work harder to adapt to the new machine or they had insufficient knowledge to adapt and

often gave up any idea of understanding. Rational and theoretical workers could work in both worlds,

working at times independent of the calculator. The random workers, however, were lost without the

calculator and could do nothing without their "crutch”.

Mathematically, students managed to solve optimization problems in a meaningful way, they showed

understanding of the concepts of mathematizing optimization problems and of the strategy of solving them,

and the utilization scheme of calculating the zeros of the derivative was managed adequately.145

Not surprisingly, there is evidence that students use handheld technology as they are taught.146 The

curriculum and the way the technology is used in instruction seemed to affect the mathematical gains

students achieved. Studies that looked at mathematical gains within projects that incorporated graphing

technology support the idea that it is not the technology alone that perpetuates such gains.147

Use of knowledge and skills gained

The graphing calculator seems to be most often used by students, particularly those for whom the

technology has been an integral part of instruction, to produce graphs in an effort to solve a variety of
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problems. The studies in this section are divided into three areas that illustrate what researchers have

observed students doing with handheld graphing technology knowledge and skills.

Students are more likely to use graphical approaches

Students with access to handheld graphing technology used graphical solutions more often than students

who did not have technology.148 Students used handheld graphing technology to produce quick graphs and

attain direct feedback,149 trace a function to find particular values,150 and create visual approaches when

solving problems.151

One of the studies we examined of upper secondary students in the Netherlands152 reported that weaker

students seemed to particularly benefit from the availability of technology. Another report of the same

experiment153 confirmed that the graphing calculator increased students’ use of graphical strategies. The

researchers found that the increase in the use of graphing strategies, however, did not appear to diminish

their use of other strategies.

Students tend to be more likely to explore mathematical ideas

Researchers seem to agree that handheld graphing technology stimulates many students to engage in

informative exploratory activities, although the mathematical level of the result tends to vary.154 Case

studies about student understanding offer support for this claim.155 The use of technology also seems to

have an impact on the way in which students work. In studying the roles and behaviors of students in

technology integrated precalculus classrooms,156 the researcher noted that students worked together more

often when technology was used. They did more than sit, listen, and answer questions, and were more

likely to serve as task setters and consultants, in planned and spontaneous instances.
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Students utilize additional tools in problem solving situations

Handheld graphing calculators facilitate calculation,157 aid in working with complex formulas with difficult

coefficients, and offset difficulties with drawing and calculating.158 The technology can lend positive

support to the use of realistic data, appears to free the student to construct mathematical models and choose

strategies for solving problem and encourages a shift from rigid techniques to more flexible solution

procedures.159

Mathematical misunderstanding and obstacles

Research also speaks to the problems and mathematical misconceptions involved in using the graphing

calculator. In some cases the technology merely aggravates the misconceptions that students already have,

for example their lack of understanding of decimal representations of rational and irrational numbers.160 In

other cases it may hinder students’ development of functional symbol systems.161 It seems common for

many students to accept the visual image presented in the window of the calculator without considering the

context of the problem.162 Students may, for example, see the view of the graph of a quadratic function that

appears to be a straight line and fail to recognize that they are only looking at a portion of a parabola.

Some researchers, however, found students developed a more critical attitude toward numerical results.163

Several researchers found that difficulties with scale are compounded by the lack of understanding of the

technology, particularly how the calculator assigns pixels to graphs.164 Poor understanding of the zoom

function also gave students problems with scale. Most disassociated the zoom operation from any change

in the scale of the graphs they saw.

Similarly, research where symbolic calculators were used looked at the difficulties the technology can

introduce. A study of French students165 concluded that while most students with symbolic calculators

changed in a positive way in their relation to mathematics—developing deeper mathematical understanding
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with a powerful problem-solving tool—some students who seemed to depend excessively on the calculator

without considering the underlying mathematics involved rarely achieved the same level of benefit from its

use. A study of upper secondary students in the Netherlands166 found that students lacked the ability to

decide when and how to use the calculator as a Computer Algebra System when searching for algebraic

solutions, particularly ones that were not numerical. For example, many students do not possess the

flexible conception of variables and parameters that using a symbolic calculator requires. In another study

of upper secondary students in the Netherlands,167 researchers found students had difficulty understanding

the different role of the letters in parametric equations. They concluded CAS often required that students

have developed abstractions for the mathematical concepts they are entering into the calculator. Students

had problems with commands such as solve (Were answers in decimal form or expressions?), isolating a

variable using the technology, and confusing schemes for operations such as substitution. Technical errors

that students made, such as syntax errors, seemed to stem from their limitations in the understanding of the

mathematical concepts involved. Students also encountered problems in simplifying expressions by the

calculator when the calculator expression does not correspond to the expected response.

Weaknesses

Some of the reports of the studies did not include enough detail to make particular aspects of their study

clear. For example, one study168 included a module “Tapping in Algebra”, but there is no information

about how the teachers used the module or what kinds of tasks were contained in the module. In another

study,169 students worked on tasks in pairs, but while it was clear from the excerpts of student dialog what

some of the tasks might be, a representative sample of actual tasks would have improved the reader's

understanding of the student responses.

Design questions often arose in reading the reviews. Questions about how participants were specifically

selected were left unanswered in some studies, particularly when intact classes were used.170 Protocols for

interviews of teachers were often not included nor were coding methods. Reports of the studies did not

always give enough information about specifics of the study to make the exact nature of the study clear to

the reader.
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There was little attention to the relation between the length of time students had access to handheld

graphing technology and the kind of training they had in using the technology and what students did with it.

In one study171 students who had no previous experience with a symbolic calculator received only four

intensive one-hour sessions on using the calculator for procedural tasks, before testing them on calculator

positive and calculator neutral tasks. Although the researchers point out that this is not the desired

approach, short-term studies are only useful in helping understand how students learn to use the technology

but not about the impact of the technology on what students will do in the long term.

Gaps

The research covers only a narrow set of mathematics. There is little work on students’ understanding of

statistics or discrete mathematics or the use of formulas. No attention seems to be focused on how students

develop reasoning and approaches to proof using the technology. How these areas are affected by the use

of handheld graphing technology remains an open question. Despite the amount of classroom usage at

middle grades and the availability of handheld graphing technology specifically designed for those levels,

little research exists on middle grades students’ use of the technology. Closely related is the lack of

longitudinal studies about the cumulative effects when students use the technology through their entire

secondary mathematics programs.

The study of the particulars of students’ activity, a thorough study of two or three students solving

problems, would be beneficial and might help answer questions such as: What are the changes, if any, over

time in the ways that students make use of the calculator? What is the effect of handheld technology on

students’ ways of mathematical thinking? In what ways does handheld technology impact higher level

thinking skills?

More studies that take advantage of the symbolic manipulation capabilities would be informative. The

research is sparse in helping us understand in what ways the symbolic calculator used as a computer
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algebra system might affect students’ understanding of algebraic concepts or how it would it affect

students’ algebraic skills.

Implications for the Classroom

Three issues seem to emerge as directly related to practice: over-utilization, under-utilization, and

interpretation. Over-utilization occurs when the student begins to see the calculator as a source of authority.

Some of the research172 cautions that a balance between using technology to mediate problem solving and

becoming reliant on the tool must be found. Researchers identify this balance as a concern for both

calculator designers and teachers. Under-utilization of handheld graphing technology may be attributed to

uncertainty on the part of students as to when to use calculators appropriately, and the evidence indicates

that instructional time needs to be spent by teachers on exploring the limitations of the calculators.

Many of the researchers173 argue that teachers should be involved in helping students learn how to use the

calculator with full recognition of its constraints and potential. They should also understand various

profiles of student behavior in order to design and implement appropriate mathematical activities. They

observed that the more graphing calculator manipulations were mastered, the more students were able to

involve themselves in mathematical work. It might be useful for teachers to understand the researchers’

claim that students learning to use calculators go from an initial orientation phase to an organization phase

characterized by a pruning attitude towards first strategies, progressive awareness of effective constraints

and potential uses of the calculator, and decreasing trust of the machine's results. Some students construct

an efficient relationship with the calculator while keeping certain objectivity with regard to the machine,

but others, described as those who may be characterized as mechanical or random in the way they work

rarely achieve the same level of understanding of how to use the calculator. Teachers also should

understand that the process of becoming accustomed to a calculator is slow and complex because it requires

sufficient time to achieve a reorganization of procedures, even for the better students who have established

a relationship with the machine. Additional time spent on emphasizing efficient techniques, however, may

facilitate access to effective use of the calculator, and, in this way, lost time will probably be made up in

future activities.174



48

Mathematical difficulties often point to shortcomings in curriculum, which may contribute to adverse

effects whether or not graphing calculators are used. For example, there is probably need for greater

emphasis on scale, and students should be given opportunity to explore links between zooming and scale.

Students would benefit from confronting limitations of the technology and attempting to explain them—

leading to better mathematical understanding and interesting mathematics. Problems highlighted in the

research included the confusion that some students experienced using some features of the calculator such

as scaling issues and failure of the technology to represent discontinuities accurately. Some researchers

have pointed out that the use of multiple representations does not insure that students will make links

among representations.

Overall, researchers found that reconciling different types of information is not intuitive but needs to be

taught. Conflict between symbolic and graphic information was often unresolved by students. For

example, one researcher175 found interpretation and transcription of graphs to be major areas of difficulty:

asymptotic behavior was not recognized, points of discontinuity were not located, the limiting value of

functions was believed correct even though the capacity of the calculator to deal with large numbers was

exceeded, horizontal asymptotes were omitted, a non-existent turning point was located on an asymptote,

and a turning point was not located despite a question suggesting its existence.

Because students who owned their own calculators more frequently exhibited a critical awareness of the

calculator’s output, it seems regular access to the technology may have a positive influence on linking

different representations of functions while other difficulties may lessen.

Topics such as numerical and exact calculations, simplification of formulae and roles of variables and

parameters deserve more attention when a CAS is used than when it is not. Teachers should be careful not

to leave the student with a feeling of dependence on the technological tool. Without preparation and

sufficient background, the top-down character of a CAS, its “black-box style,” and its idiosyncrasies can

produce obstacles for students.176
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Question 5. What impact does handheld graphing technology have on the performance of students

from different gender, racial, socio-economic status, and achievement groups?

The authors of The Nation’s Report Card: Mathematics 2000 state: “The proper role of calculators in the

K-12 curriculum has been and continues to be debated. Calculator use policies vary across schools, and

even within the same school, teachers have different opinions about how calculators should be integrated

with instruction.”177

Differing policies and different beliefs on the part of teachers about handheld graphing technology can

result in different levels of access and possibly even different learning outcomes for students, who for

whatever reason, end up in different courses or in courses with teachers who approach the use of handheld

graphing technology in different ways. In this section, we explore what the research from six studies has to

say about equity issues in the use of handheld graphing technology. Five of the studies were experimental

or quasi-experimental performance comparison studies carried out in New Zealand, England, the

Netherlands, and the United States,178 and the sixth investigated the nature of the errors made by male and

females on an Australian college entrance examination.179

Findings

In studies where researchers examined performance variability within, rather than simply between, the

treatment and control groups, the results usually indicated that there were no significant differences in

performance that could be attributed to gender, race, socio-economic status (SES), or prior

knowledge/achievement. However, in some studies, differences in student performance were attributed to

one or more of these variables.

The research on gender issues, for example, is mixed. Some studies show no difference in achievement

between males and females,180 while a study of 16 year olds in Great Britain found that, “On the

symbolization items, use of graphic calculators was associated not only with markedly superior attainment

by all students, but with greatly enhanced relative attainment on the part of female students”.181 On these

items, female students in the treatment group outperformed the males, while in the control group the males
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outperformed the females.182 On graph interpretation items, there was no significant difference between the

treatment and control groups, but males in both the treatment group and the control group, outperformed

the females in their group.

In the case of ability, researchers studying 17 and 18 year old students from two secondary schools in New

Zealand183 found less within-group variability in the performance of low-, middle-, and high-ability

students using handheld graphing technology than they found in the performance of low-, middle-, and

high-ability students in the control group. This suggests that the use of handheld graphing technology

seemed to decrease the performance gap between higher and lower achieving students. Another study of

16 and 17 year olds in the Netherlands184 also found that lower achieving students made larger performance

gains when using handheld graphing technology than did moderate and high achieving students who also

used handheld graphing technology.

Weaknesses

The major weakness in the body of research on equity issues with handheld graphing technology was that

when equity issues were examined, they often seemed to have been included as an after-thought rather than

as a central issue for investigation. Interaction effects related to equity variables were often described and

explained much more briefly than other findings, and were rarely the subject of follow up studies or

independent studies designed to test the veracity of the explanations that researchers provided for the

interactions they found.

Gaps

Despite finding few actual differences in the performance of students with different backgrounds when

using handheld graphing technology, some researchers have expressed concerns about one or more equity

issues.185 Since the production of the Curriculum and Evaluation Standards for School Mathematics186 that

recommended the use of technology for all students, many researchers and educators have raised questions

about equity issues arising from the cost of technology. Others expressed concern that the technology

would only be available to students in certain ability groups. Some were concerned that female students
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would react negatively, while males would embrace the technology, leading to differential learning

outcomes. In The Nation’s Report Card: Mathematics 2000,187 an effort was made to describe students’

access to calculators and examine the relationship between access in math classes and student performance

on the mathematics portion of the National Assessment of Educational Progress (NAEP)—which allows all

students to use scientific calculators on certain items. According to this report, 62 percent of 12th grade

students reported using graphing calculators in their mathematics courses, and there was a positive

relationship between frequency of use and NAEP score (p. 165).188 These results raise the question, “Who

are these students? How do their characteristics vary with regard to gender, race, socio-economic status,

and ability level?” Unfortunately, this information was not available. This was a common result in our

efforts to locate multivariate equity studies.

A major gap in the body of research on equity issues with handheld graphing technology was that so few

studies actually attempted to determine the impact that access to this technology had on different types of

students. Although an extensive search for relevant articles was conducted, very few controlled studies on

the impact of handheld graphing technology included analyses of its impact on students from different

gender, racial, SES, and ability groups. While some claim that the use of handheld graphing technology

supports women, minorities, and underachieving students in learning mathematics and having the

confidence in their ability to do so, there is little research that actually investigates these claims.

In general, the relationship of primary importance in the research was that between students with access to

handheld graphing technology and those without. This type of between-groups comparison was prevalent,

but only on rare occasions did researchers attempt to determine whether or not any systematic within-group

variability existed. In cases where such attempts were made, researchers were much more likely to look for

gender effects than for any other type. There is a need for studies that address the range of equity concerns

raised in mathematics education literature. There is also a need for research reports that provide detailed

descriptions of the context of the studies. If there are important differences for students with different

background characteristics, we need enough contextual information to determine the possible reasons. A
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simple presentation of the students’ characteristics and their treatment group will not suffice if the goal is to

address problems, rather than simply report them.

Implications for the Classroom

Within classrooms, teachers should pay explicit attention to issues of equitable access. Once equitable

access is ensured, teachers should attend to students’ patterns of use. If systematic differences are noted,

teachers should make an effort to determine and address the underlying causes. In some cases, addressing

these issues may be as simple as providing additional training for students. In other cases, it may require a

reconceptualization of the rationale for using handheld graphing technology, or a shift in the role that

handheld graphing technology plays in instruction.
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Recommendations for Future Research

Our work suggests that the maximum potential for handheld technology has not been explored. More

research is needed. The research summarized here can provide a background for this work. In an effort to

ensure that future research provides well-grounded findings and offers guidance for both policy and

practice, this section includes suggestions for future research. It describes the nature and possible foci of

research that can fill the gaps in our knowledge base that prevent us from understanding how to design and

implement handheld technology-based mathematics education reforms that are successful on a large-scale

and within multiple contexts.

The research we studied provides a starting point for efforts to better understand how to effectively use

handheld graphing technology in the classroom. The design of some studies limits their potential use by

those in policy and practice. To help in the interpretation of findings and in using them to build toward a

cumulative set of knowledge, we make the following recommendations:

• Data collected about the use of handheld graphing technology should describe the specific features

of the context—including the handheld graphing technology used, content, and aspect of use that

is being investigated not merely report counts and observations. Because teaching and learning

are so complex, “… attending to context is critical for understanding the degree to which theories

and findings may generalize to other times, places, and populations.”189 Better descriptive tools

for characterizing student learning with handheld technology and for looking at factors related to

this learning are needed.

• Research programs should include or facilitate comparisons among different ways of using

handheld graphing technology as well as between those who use it and those who do not.
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• Research should include within-groups as well as between-groups comparisons of students with

and without access to handheld graphing technology to determine if differential effects exist for

students from different backgrounds, in various contexts.

• Because one study does not usually produce definitive results, multiple methods applied over time

are necessary to build a knowledge base. Research should be designed both to look across schools

and across content areas to support broad generalization and to take a close look at particular

cases. Cases can identify promising variables for inclusion in broad surveys, and surveys can

position and help in the interpretation of particular cases.

• Design and reporting of research on the use of handheld graphing technology must be explicit

about connections to improving student achievement.

• Research should pay explicit attention to the use of handheld graphing technology in urban and

poor rural settings.

• Research designs and analytic methods should control for, or test for, other important variables,

systematically ruling out counter-explanations.

• Research on the use of handheld graphing technology should include the length and nature of

access to handheld graphing technology, in particular studying student learning in situations with

unlimited access over several years and in a progression of mathematics courses.

• Research more explicitly informed by a historical perspective would help in sorting out issues that

are particular to technology from those that are independent of the technology.
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Areas for Future Research on Handheld graphing technology

Research on the use of handheld graphing technology is not robust.  Individual projects look at specific

pieces of the picture, but the pieces do not make a coherent whole and, in fact, often seem unrelated.

Useful next steps in the research would be those that allow us to answer the question, “How can we

encourage teachers to use handheld graphing technology in ways that promote __________?” With greater

attention to these details, both in the studies conducted and in the reports produced, we would be able to

answer this question regardless of how we finish the sentence.  Because the use of handheld graphing

technology is not a variable that can be isolated but is a part of the complex teaching and learning

environment, such research, however, should be done taking other factors in this environment into account .

In addition to recommending that research be coordinated, we recommend research designed to answer

questions in the following areas:

Teacher knowledge, beliefs, and experiences related to the use of handheld graphing technology

 How do teachers’ beliefs about handheld graphing technology explicitly affect their use of
graphing calculators in their teaching?

 What experiences in preservice and inservice education influence teacher beliefs about the use of
handheld graphing technology and how they choose to use it in their classrooms?

 What is the relationship between high quality teacher preparation with respect to handhel d
graphing technology and student achievement?

 What is the relationship between teacher beliefs and use of handheld graphing technology and
student beliefs and use?

Curriculum implications related to handheld graphing technology

 What is the role of handheld graphing technology in learning mathematical content that is not par t
of the traditional mathematics curriculum?

 What is the role of handheld graphing technology in providing access to mathematics content
earlier than would have traditionally been done?

 In what ways does the nature of the curriculum and tasks students are given influence their use of
handheld graphing technology?
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Student beliefs, understandings, and characteristics

 What are students’ attitudes and beliefs about the use of handheld graphing technology and how
do these affect student use of the tool?

 How do students who have access to graphing calculators compare in terms of their use with
respect to ethnicity, gender, geographic, and socio-economic conditions?

 How is handheld graphing technology used with students in lower secondary grades and how is
this use related to the development of their understanding of key mathematical concepts?

 What are the long-term effects of the use of handheld graphing technology on student beliefs,
understanding, and achievement?

Assessment

 What are the relationships between “high stakes” assessments and the use of handheld graphing
technology?

Many educators feel that handheld graphing technology has the potential to significantly affect

mathematics teaching and learning.  According to Hiebert (1999), research can document the effectiveness

of new ideas, suggest explanations for successes and failures, and inform the discussion.  The findings from

research can provide direction and guidance for using handheld graphing technology to see that this effect

supports  student learning.  “Research can and should play a critical role in helping educators make

informed decisions …”.190   By conducting rigorous studies of important questions and relating the results

to classroom practice, we can ensure that handheld graphing technology contributes in positive ways to

improved mathematics education.
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Appendix A

What is the nature and extent of the use of handheld graphing technology in secondary mathematics
classrooms? What policies are in place that might affect the extent of use?

Findings
There is little research that responds directly to questions of policy and practice. National surveys give a
general picture of the extent of the use of handheld graphing technology in the United States. Graphing
calculators are well entrenched in U.S. high school classrooms but not quite as common in the middle
grades. According to a national probability sample of nearly 6,000 mathematics and science teachers,1 39
percent of the teachers surveyed in grades 5-8 used graphing calculators in their most recent lessons while
80 percent of 9-12 teachers did so. Table 1 illustrates the kinds of use described by the mathematics
teachers surveyed.

Table 1 Graphing Calculator Use in Most Recent Lessons
Use % of teachers grades 5-

8
% of teachers
grades 9-12

Demonstrate mathematical principles 37% 51%
Take a test or quiz 32% 68%
Do simulations 9% 11%
Retrieve or exchange data 8% 9%
Drill and practice 38% 62%

At the university level, the prevalence and use of handheld technology varies significantly from institution
to institution. Table 2 shows data from the 1997 and 2002 Conference Board on the Mathematical Sciences
Survey of Undergraduate Programs2 related to handheld graphing calculator use in mainstream calculus
courses-those for engineers and mathematics majors and non mainstream courses- those for non science
and mathematics intending students. Data from the 2002 survey also show that at two-year colleges 20
percent of the sections in elementary algebra, 74 percent of the sections in college algebra, and 83 percent
of the sections in precalculus are taught using graphing calculators.

Table 2. Percentage of enrollment in courses in mathematics departments
Year Typ

e of
degr
ee

Mainstream
Calculus I
in math
depts.

Mainstream
Calculus II
in math
depts..

Nonmainstream
Calculus I in
math depts..

Statistics
in
Statistics
Depts

Statistics in
Math Depts

Statistics for
preservice
teachers

Statistical
Literacy in
stat depts

1990 PHD 3 3
MA 3 1
BA 2 2
2yr

1995 PHD 33 27 25
MA 44 32 20
BA 39 32 34
2yr 37 44

2000 PHD 40 42 27 15 38 0 28
3 MA 55 59 66 0 49 0 23

BA 67 50 63 51
2yr 78 74 72 59

Testing Practices and Policies
While it is possible to distinguish between using hand held graphing technology as a tool in teaching and
learning and its use on examinations, in practice the two are closely linked in subtle ways. The National
Assessment of Education Progress (NAEP) allows the use of only scientific calculators, and they provide
them for students in their national sample. The NAEP data does, however, report on student use of
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handheld graphing technology. According to the 1996 NAEP survey data, overall 7 percent of the students
in 8th grade used graphing calculators; 18 percent of those in algebra, 11 percent in prealgebra, and 10
percent in regular math.4 The 2000 data show that those students who said they used calculators more often
tended to outscore their peers who reported using calculators less frequently.5 As of this report, specific
data are not available about the type and details of calculator use for the 2000 assessment, but 68 percent of
the students in grades 9-12 reported using some type of calculator almost every day in their mathematics
work.

Calculator policies on examinations related to college entrance are specific about calculator requirements.
The SAT I is developed with the expectation that most students are using them, but they are not necessary
for the test. Graphing calculators are required on the SAT Mathematics Level IC and IIC.6 On the
Advanced Placement AB and BC tests, some questions need a calculator to answer.7 The TI 92 Calculator
is not allowed on any of these tests because of the qwerty (typewriter) keyboard. The ACT policy is
similar.8 Graphing calculators are allowed, but in addition to those with qwerty keyboards, it also
eliminates calculators such as the TI 89 that have built-in computer algebra systems.

Weaknesses
Many of the reports on calculator use mix computers and calculators without specifying details about
either. Some reports do not distinguish which calculator was the subject of the study: scientific calculators,
graphing calculators, or calculators with computer algebra systems. In addition, much of the data is self -
reported by teachers, which can result in different interpretations of what it means to use the calculator and
of degrees of implementation.

Gaps
There is a need for research on the relation between policy and practice with respect to the use of graphing
calculators. Do policies that restrict calculator use on high stakes tests, for example, have an effect on the
use of calculators in classrooms? Questions of how policies on handheld graphing technology affect equity
issues are not addressed in the literature. Some educators believe demanding curricula that require the use
of such technology will ensure that all students have access. Other educators, as described in Question 5 in
this report, are concerned that requiring handheld graphing technology may, in fact, increase the
achievement gap between those who have access to the technology and those who do not. Evidence related
to these areas would seem to be important for those who make policy regarding access to handheld
graphing technology as they consider usage and conditions for usage.

1 Weiss et al., 2001.
2 Loftsgaarden, Rung, & Watkins, 1997; Lutzer, Maxwell, & Rodi, 2002.
3 Ruthven, 1997.
4 National Center for Education Statistics, 2000.
5 http://nces.ed.gov/nationsreportcard/pdf/main2000/2001518.pdf
6 http://www.collegeboard.com/sat/html/students/prep000.html
7 http://apcentral.collegeboard.com/
8 http://www.act.org/aap/taking/calculator.html
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Appendix C

Additional References
The following pages contain references, not included in this research, that may provide additional
information about the use of technology in mathematics classes.
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