
To the Graduate Council:

I am submitting herewith a dissertation written by Aimee Joy Ellington entitled
"Effects of Hand-Held Calculators on Precollege Students in Mathematics
Classes - A Meta-Analysis." I have examined the final copy of this dissertation
for form and content and recommend that it be accepted in partial fulfillment of
the requirements for the degree of Doctor of Philosophy, with a major in
Education.

Donald J. De rt, Major Professor

We have read this dissertation

and lejQpmmendjJs acceptance:

E. Dale Doak

Stephanie O. Robinson

ir " k/

9Carl G. Wagner

Accepted for the Council:

Interim Vice Provofet ahd
Dean of The Graduate^chool



EFFECTS OF HAND-HELD CALCULATORSON 
PRECOLLEGESTUDENTS IN MATHEMATICS 

CLASSES-A META-ANALYSIS 

A Dissertation 

Presented for the 

Doctor of Philosophy 

Degree 

The University ofTennessee, Knoxville 

Aimee Joy Ellington 

December2000 



Copyright© Aimee Jov Ellington.2000 
All rights reserved 



Ill 

ACKNOWLEDGEMENTS 

Any undertaking ofsignificance is seldom attributable to a single 

individual. I would like to acknowledge afew ofthe people who have contributed, 

in unique ways,to the completion of my graduate school experience. I am 

indebted to manyfriends,family members,and colleaguesfor their suggestions, 

guidance,support,and encouragement. 

I would like to thank my advisor and committee chairperson. Dr. Donald J. 

Dessart. His advice regarding course and research opportunities was invaluable. 

His constructive comments during the research and writing phases ofthe 

dissertation kept mefocused on my purpose. My thanks, also,to the other 

members of my committee: Dr.Stephanie Robinson,whose courses in 

mathematics education gaye mea solid foundation on which to build my 

graduate research program; Dr. Carl Wagner,who challenged me 

mathematically and motivated me to communicate my ideas as clearly as 

possible; and Dr. Dale Doak,whose technology-based courses inspired meto 

undertake a research project involving technology in the mathematics classroom. 

Manyfriends and colleagues have provided me with moral supportfrom 

the time I took my first graduate course to the momentthe lastsentence ofthe 

dissertation was written. They helped me believe in myselfat every stage ofthis 

momentous undertaking: Mayme Kay Banasiak, Kimberly Brookshire, Connie 

Dalton, Dr. Cynthia Gettys, Dr.Sandoval Melim, Dr.Susanna Reid,and Dr. 

Margie Ribble. Two other wonderfulfriends provided assistance with many 



IV 

technical aspects ofthe dissertation writing process: Kathy Manns,who read 

every word ofthe constantly evolving manuscript and provided wonderful 

editorial suggestions: Cara Dalton,who provided clarification regarding the many 

subtle nuances ofthe English language. A wonderful mentor,Sarah Jane Liers, 

encouraged me to explore my interests in mathematics. She motivated me to 

pursue a career in the education field. As a life-long learner,she continues to be 

an inspiration for me. 

Finally, myfamily has been a tremendous source of unconditional love 

and understanding as I have pursued my educational dreams. My parents, 

Joyce and Douglas Ellington, were supportive atevery stage of my educational 

career. They reminded me that education is an adventure and stressed the, 

importance oftaking time to enjoy the processes involved in achievement. My 

brother, Eric Ellington, provided emotional support and humor at pivotal times 

during the dissertation process. My great auntand uncle, Lucille and George 

Skinner,encouraged methrough all of my educational endeavors and were 

wonderful reminders that my grandparents would be proud of my 

accomplishments. 



ABSTRACT 

This study was conducted to determine the effect of hand-held calculators 

on students in precollege mathematics classes. Achievementand attitude were 

the educational constructs under consideration. Thefrhdings offifty-three 

calculator-based research studies were integrated through meta-analysis. The 

methods ofdata analysis were based on Hembree's model,featuring 

fundamental meta-analytic procedures developed by Glass. Meta-analytic 

methods advocated by Hedges were also incorporated. Hembree conducted a 

similar meta-analysis in 1984. This study wasan update to his work. 

Data collection from all beatable studiesfrom 1984through June 2000 

resulted in 307effect magnitudes. Meta-analytical evaluation of mean effect, 

sizes and their corresponding confidence intervals wasconducted. Where 

appropriate,the validity ofthe mean effect sizes was assessed with fail-safe N 

values. With respect to skills acquisition,students using calculators either 

maintained or improved their operational and problem solving skills. Due to the 

minimal amountofavailable data, results regarding skills retention were not 

statistically significant. Analysis ofthe calculator's role in skills transfer was not 

possible due to insufficient data. 

Thefollowing results were based on the inclusion of calculators in 

traditional mathematics instruction. 
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1. When calculators were used during testing, operational and 

problem solving skills ofstudents in all grades and all ability levels realized 

significant improvement. 

2. When calculators were not used during testing, paper-and-pencil 

skills of low ability students in all grades and average high school students 

improved. The operational skills ofaverage students in grades K-8 and high 

ability students in all grades were neither helped nor hindered by calculator use. 

The problem solving skills ofstudents in all grades improved after calculator 

involvement in mathematics instruction. 

3. Students using calculators possessed better attitudes toward 

mathematics than their non-calculator counterparts. 

The results ofthis study reveal students'operational and problem solving 

skills may Improve and will not be hindered by calculator use in mathematics 

classes. Also,students may realize a significant improvement in their attitudes 

toward mathematics after using calculators. The benefits ofcalculator use 

should be mostsignificant when students have access to calculators during 

testing as well as instruction. 
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Chapter I 

Introduction 

The latter halfofthe twentieth centuryfeatured a wealth ofamazing 

technological innovations. Many have become significant elements ofeveryday 

life. In the last three decades,various electronic devices have been introduced 

to educational settings. Twenty-first century educators cannotimagine a 

classroom withouttechnology. Resource documents published by the National 

Council ofTeachers of Mathematics(NOTM)highlightthe relationship between 

the mathematics classroom and technology. The Curriculum and Evaluation 

Standardsfor School Mathematics(NCTM,1989)called for the availability of 

calculators and computersfor student§' use in problem solving situations. The 

successor document Principles and Standardsfor School Mathematics(NCTM, 

2000)wenta step further by describing technological devices as"essential tools 

for teaching, learning,and doing mathematics"(p.24). 

The hand-held calculator wasthe electronic devicefeatured in this study. 

The calculator has experienced a metamorphosis during the last thirty years. In 

1974,the NCTM encouraged the use of calculators in the classroom(NCTM, 

1974). However,at nearly $50,the four-function device was still an expensive 

purchase. Asa result, it could only befound in a select number of homes and 

veryfew classrooms. Within afew years a significant decline in price resulted in 

the presence ofa calculator in virtually every home. The use of basic and 
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scientific calculators was prevalent during the early 1980s. However, many 

mathematics teachers were still hesitant to incorporate them into their lessons on 

a regular basis. In particular, less than twenty percent ofelementary teachers 

and lessthan thirty-six percent of high school teachers allowed students access 

to calculators during mathematics instruction(Suydam,1982). 

The 1990s witnessed another significant step in the evolution ofthe 

calculator.The graphing calculator, a hand-held device with the power ofa small 

computer,was introduced to classrooms and homes. It had all the features ofa 

scientific.calculator plus many other capabilities. For example,a decade earlier, 

precise graphing techniques would have required a computer. The NCTM 

immediately recognized the impactthe graphing calculator could have on 

secondary education(NCTM,1989). In particular,the Standards document 

(NCTM,1989)gave the graphing calculator creditfor"the emergence ofa new 

classroom dynamic in which teachers and students become natural partners in 

developing mathematical ideas and solving mathematical problems"(p. 128). 

During the later halfofthe decade,textbooks began to provide discussion of 

mathematical concepts,examples,and problem sets in which graphing 

technology was necessary. 

During the last thirty years, calculators slowly made their mark on 

mathematics classrooms. They became influential in all aspects ofthe learning 

processfrom basic computationsto the examination ofabstract mathematical 

ideas. Calculators allowed students access.to examples ofequations that were 

https://access.to


impossible to generate by paper-and-penci!alone. Asa result, more time was 

allotted for students to engage in conjecturing, conceptualizing,and modeling 

mathematical ideas(NCTM,2000). Technology influenced the choice and 

placement oftopics in the mathematics curriculum as well as methods of 

assessment(NCTM,2000). Atthe end ofthe century, mathematics classrooms 

were vastly differentfrom those that participated in the beginning ofthe calculator 

evolution. Especially at the high school level, graphing calculators were the rule, 

notthe exception. With the encouragement ofthe NCTM,all types ofcalculators 

were being incorporated into students'explorations of mathematical concepts. 

Throughout this metamorphosis,a plethora ofstudies have analyzed 

various aspects ofthe relationship between calculators and mathematics 

education. The effects on teachers,the attitudes of parents,and the methods of 

calculator use are just afew areas offocus. The literature contained over 120 

studies which researched the most important issue in the relationship between 

calculators and classrooms-the effects of calculators on students. Technology 

had the potential for helping students understand mathematics on a deeper level. 

Knowing the actual effect ofthe calculator on students' understanding of 

mathematical concepts would allow educators and administrators to determine if 

the calculator's potential was being realized. Based on this premise,the current 

study was undertaken. 



Problem Statement 

A thorough,statistical examination ofthe effect ofcalculators on students 

in the K-12 mathematics classroom wasthe primaryfocus ofthis research. 

Hembree conducted a similar study in 1984. The current study was an update to 

Hembree's original research, his amendment with Dessart(Hembree& Dessart, 

1992),and comparable research by Smith(1996). In particular,this document 

contains an examination and synthesis of results provided by a set of calculator-

based research studies. All ofthe studiesfeatured precollege mathematics 

students. Meta-analysis,a statistically sound processfor integrating a collection 

offindings, was used to evaluate calculator effects on achievement and attitude. 

Organization ofthe Study 

This document is organized into six chapters. This chapter explainsthe 

rationale ofthe study. It containsthe introduction,the study's purpose,the 

definition of relevantterms,and research questions. Chaptertwo is an 

examination ofthe traditional approaches involved in reviewing literature and 

contains a historical look at meta-analysis. The review of literature isfound in 

chapter three. Reviews ofcalculator-based research and meta-analyses 

conducted in the field of mathematics education are the central theme ofthe 

chapter. The methods used to conductthe study are discussed in the fourth 

chapter and specific details of meta-analysis asthey apply to this study are 

explained. These include the identification, collection, and coding ofsignificant 



studies, as well asthe calculation and evaluation ofeffect sizes. The 

methodology is based on the mathematical model of meta-analysis presented in 

Hembree's(1984)work. Chapterfive presents the results ofdata analysis 

coupled with a discussion of its significance. The final chapter contains the 

researcher's conclusions and recommendationsfor future research. 

Purpose ofthe Study 

This study soughtan answerto a complex question regarding the 

calculator's significance in the mathematics classroom. How doesthe calculator 

affect students'achievement and attitude in the study of precollege 

mathematics? This question was analyzed through a series of research 

questions listed in this chapter. 

Definition ofTerms 

Classification of Calculators 

Three types of calculators were discussed in the literature review and in 

the studies integrated by meta-analysis. 

1• The basic calculator is the four-function or multi-function variety 

equipped with algebraic logic and an eight-digit display with floating decimal. It is 

the calculator most often found in elementary and junior high school classrooms. 

2. The scientific calculator is capable ofsupplying the user with 

numerical evaluations ofthe basicfunctions, including trigonometric and 



logarithmicfunctions, studied atthe high school level. Most scientific calculators 

allow the user to perform operations with parenthetical grouping symbols. 

3. The graphing calculator is the newest hand-held innovation to 

impactthe mathematics classroom. With a 2)4 by VA inch display screen,the 

user can investigate and compare mathematical concepts through graphic, 

symbolic,and numeric methods. 

Educational Constructs 

Since achievementand attitude were the two constructs under 

consideration in the studies gathered by the researcher,they were thefocus of 

the meta-analysis. The organizational structure chosen to evaluate these 

constructs wasthe result oftwo importantfactors. First, since the work of 

Hembree(1984)was a precursor to this research and involved studies ofthe 

same constructs, Hembree'sframework wasa natural and obvious method of 

organization for the current study. Second,during initial analysis,the researcher 

recognized natural subdivisions in each study with regard to the constructs. The 

research questions established by the various authorsfollowed these natural 

subdivisions. Through this analysis, it was determined thatthe natural 

breakdown ofthe constructs closely matched the Hembreeframework. 

Therefore,the categories and subcategories ofanalysis in the current study were 

similar to those established and analyzed by Hembree(1984; Hembree& 

Dessart 1992). 



The achievement construct referred to the acquisition, retention, and 

transfer of mathematical skills. Thus, mathematical skills were divided into two 

basic categories depending on how they were used within the studies. These 

categories also appeared in the writings of Hembree(1984; Hembree& Dessart 

1992). 

1. The operational category contained skills related to the solution of 

specific mathematical problems. Along with the general category ofcomposite 

operational skills, the subcategories ofcomputational skills and conceptual skills 

were analyzed separately. 

2. The problem solving category was comprised ofskills not implied 

by the mathematical problems at hand. Instead,these were skills students 

selected from their mathematical repertoire. The overall category ofcomposite 

problem solving skills were evaluated as well asthe subcategories of problem 

solving productivity skills and problem solving selectivity skills. The definitions of 

these subcategories were originally described by Hembree(1984). Productivitv 

referred to the number of problems attempted by students. Selectivity 

considered the number ofappropriate strategies used by students. 

As in Hembree's(1984)meta-analysis,the attitude construct included the 

six attitudinal factors ofthe Mathematics Attitude Inventory developed by the 

Minnesota Research and Evaluation Center. Thefactors were attitude toward 

mathematics: anxiety toward mathematics;self-concept in mathematics; 

motivation to increase mathematical knowledge; attitude toward mathematics 
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teachers:and perception ofthe value of mathematics in society. Several studies 

uncovered by the current researcher assessed students'attitude toward the use 

of calculators in mathematics. Therefore,this category was also included under 

the attitude construct. 

Experimental Design of Integrated Studies 

The studiesfollowed a quasi-experimental treatment/control group design. 

"Quasi-experimental" referred to the use of intact classes as opposed to random 

sampling techniques to determine treatment and control groups. In all studies, 

two groups ofstudents were taught by equivalent methods of mathematical 

instruction with one significant difference. The treatment group used calculators 

while the control group had no accessto calculators. The effects ofcalculator 

use were measured by comparing the groups'responses to post-treatment 

evaluations. Standardized and teacher-designed achievementtests were the 

general means used to measure calculator effects on achievement. 

1. Skills acquisition was measured immediately after treatment. 

2. Skills retention was measured after a predetermined time lapse 

following treatment. 

3. Skills transfer was measured by evaluating the ways students used 

the skills in other mathematical areas. 

Standardized and teacher-designed survey instruments were the mostcommon 

methods used to measure calculator effects on attitude. 



Several studies involved a confounding variable-the creation and use of 

special curriculunfi materialsforteaching mathematics with the calculator. These 

studies were/conducted with the quasi-experimental design described above. 

However,the two groups differed in two significant respects-calculator use and 

method ofinstruction. Therefore, it was not appropriate to evaluate the data 

through meta-analysis. Descriptive statistics were generated and discussed. 

Afew studies reported gender-related differences in treatment and control 

groups. Female students who used calculators were compared to male students 

without access to calculators,and vice versa. These differences were not 

conducive to evaluation through meta-analysis. Therefore,a non-statistical 

analysis ofthe data was conducted. 

The Calculator's,Role in the Studies 

The limits placed on students'use of calculators were also important in the 

design ofthis study. In particular, reading through various research reports 

revealed thatsome researchers allowed students to use calculators during 

testing while others did not. Hembree(1984)succinctly defined an extension 

effect to be the effect that resulted from the use of calculators during testing. 

When calculators were not used during testing, Hembree(1984)called the effect 

a maintenance effect. These terms adequately describe the two methods of 

calculator use significant to in the current study. Hence,calculator effects on 

achievement were evaluated in terms of maintenance and extension. 
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One aspect ofthe currentstudy,which deviated from theframework 

established by Hembree,wasthe consideration of calculator effects for a specific 
f 

type oftechnology. The graphing calculator is an innovation that was not 

available atthe time of Hembree's(1984)original work. Nearly half ofthe 

studies involved in the current meta-analysisfeatured graphing calculators. 

Hence,the areas ofskills acquisition and students attitude toward mathematics 

were analyzed in two ways. 

1• All calculator tvoes-A meta-analytical integration of all relevant 

studies involving basic, scientific, and graphing calculators. 

2. Graphing calculator onlv-A meta-analytical integration of relevant 

graphing calculator studies. 

The purpose ofseparate analyses wasto determine ifthe effect ofthe graphing 

calculator was differentthan the effect ofthe calculator in general. The studies 

did not provide sufficient data to conducttwo separate analyses regarding skills 

retention and transfer or otheraspects ofthe attitude construct. 

Research Questions 

Thefollowing research questions were used to analyze calculator effects 

on achievementand attitude. They are similar to those established by Hembree 

(1984). In all cases, pre-college students in the mathematics classroom were 

under consideration. The achievement research questions(1-6)were analyzed 

in terms of maintenance and extension. 
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The AchievementResearch Questions; 

1. Whatare the effects of calculators on the acquisition ofcomposite 

operational skills? 

a. Whatare the effects of calculators on the acquisition of 

computational skills? 

b. Whatare the effects of calculators on the acquisition ofconceptual 

skills? 

2. Whatare the effects of calculators on the acquisition of problem solving 

skills? 

a. What are the effects of calculators on the acquisition of problem 

solving productivity skills? 

b. Whatare the effects of calculators on the acquisition of problem 

solving selectivity skills? 

3. Whatare the effects of calculators on the retention of operational skills? 

4. Whatare the effects of calculators on the retention of problem solving 

skills? 

5. Whatare the effects of calculators on the transfer ofoperational skills? 

6. Whatare the effects of calculators on the transfer of problem solving 

skills? 

7. Whatare the effects of calculators on students'estimation skills? 
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The Attitude Research Questions: 

8. Whatare the effects of calculators on students'attitude toward 

mathematics? 

9. Whatare the effects of calculators on students'attitude toward the use of 

the calculator in mathematics? 

10. Whatare the effects ofcalculators on students'anxiety toward 

mathematics? 

11. Whatare the effects of calculators on students'self-concept in 

mathematics? 

12. Whatare the effects of calculators on students' motivation to learn 

mathematics? 

13. Whatare the effects of calculators on students'attitude toward 

mathematics teachers? 

14. Whatare the effects of calculators on student perception ofthe value of 

mathematics in society? 

Research Questions NotAnalyzed by Meta-Analysis; 

15. Are the effects of calculators on achievementand attitude differentfor 

male and female students? 

16. Whatare the effects of calculators on achievementand attitude when 

special curricula are involved? 
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Summary 

The definitions provided in this chapter were essential elements in the 

researcher's evaluative process. Analysis ofthe sixteen research questions 

provided information necessary to answerthefundamental question ofthis study: 

How does the calculator affect students'achievement and attitude in the 

precollege mathematics classroom? Subsequentchapters provide the research-

based foundation for this study,the methods ofanalysis used to evaluate the 

research questions,and the results ofdata analysis. 



Chapter II 

An Examination of Research Review Techniques 

The literature review is an importantcomponent ofeducational research 

endeavors. Through the medium ofscholarly writing,academicians are expected 

to review previously conducted research asa precursor to the presentation of 

their own ideas and findings. A chapter ofeach doctoral dissertation is devoted 

to a review of relevant literature. In the currentstudy,chapterthree is dedicated 

to this importanttask. Most published studies provide a historical explanation of 

the topic under consideration before launching into the researcher's current 

findings. Furthermore,literature reviews are significant as scholarly activities in 

their own right. Light and Pillemer(1984)emphasize this point through the 

following statement:"Forscience to be cumulative,an intermediate step between 

pastand future research is necessary:synthesis ofexisting evidence"(p. 3). 

Therefore,the literature review should not be taken lightly. Since the current 

study is a"synthesis ofexisting evidence" regarding the use of calculators in the 

K-12 classroom,an examination of research review techniques is appropriate at 

thisjuncture. 

Methods of Review 

There are a variety of quantitative methods available for reviewing 

academic research. The approaches discussed here are both precursors and 

14 
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contemporaries of meta-analysis-the method of review atthe heart ofthis 

study. This discussion concerns quantitative techniques ofreview most 

frequently applied to the field ofeducation with a particularfocus on mathematics 

education. Subsequent pages contain a discussion offour particular methods: 

1. the narrative approach 

2. the vote-counting method 

3. the method ofcombining p-values 

4. meta-analysis 

Strengths and weaknesses ofeach approach are described. The discussion of 

meta-analysis is preceded by a consideration ofthe reasons leading to the 

development ofthis statistical method of review. All ofthe approaches have an 

interesting history and the first three are not obsolete. However, meta-analysis 

satisfies needs not met by other methods of review. 

The Narrative Approach 

Providing narrative descriptions of research findings is one ofthe oldest 

summary procedures and is still populartoday. It requires the reviewer to supply 

brief descriptions ofstudies conducted on a specific topic. The results are 

displayed atface value in the same mannerthey were initially presented by the 

original researcher(Hunter,Schmidt,&Jackson, 1982). In some cases,the 

reviewer attempts to find a theory encompassing all ofthe research results in an 

overarching conclusion. There is no statistical analysis involved in this process. 
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With only a few-studies on which to report,the narrative approach can be quite 

manageable. In fact, a theory may exist which integrates the findings and takes 

the conflicting elements into consideration. However,when utilizing the narrative 

approach on a large collection ofstudies,there is much more room for 

disagreement. The subjects being covered,as well asthe design and 

measurementtechniques used by the studies can be called into question(Hunter 

et al., 1982). This often makesthe process more difficultfor the reviewer and 

results in findings that are cumbersome and tediousfor the reader to interpret. 

When a review includes a large collection of reports, processing all ofthe 

information provided is a difficult task. Asa result, the researcher generally 

selects one ofthree possible alternatives(Hunter et al., 1982): 

1. The reviewer may summarize the studies without integrating the 

results into some overarching theory. 

2. The reviewer may provide descriptions of all ofthe studies involved 

but base his theoretical conclusions on only a selectfew. 

3. The researcher may attemptto generate a comprehensive theory 

including all ofthe studies. This typically results in a theory that does not 

accurately representeach study's conclusions. 

The Vote-counting Method 

The vote-counting method was initially developed to help with the 

information-processing aspects of reviewing(Hunter et al., 1982). Vote-counting 
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involves the reviewer placing a study into one ofthree categories based on the 

statistical significance of its outcomes. ;The selection ofthe appropriate category 

depends on the relationship between the dependent and independent variables. 

The reviewer must determine ifthe relationship is significantly positive, 

significantly negative, or statistically insignificant. The reviewer's conclusions are 

based on the category containing the moststudies. Vote-counting is quite simple 

and,as with the narrative approach, may be sufficientfor reviewing a small 

number ofstudies. However, ifthe review is more complex or involves a large 

number ofstudies,the process exhibits three crucial flaws. 

First, the method may result in an overall conclusion thatthe studies have 

no significant outcomes whilesome important positive and negative effects are 

being ignored (Light& Pillimer, 1984). Considerthe scenario in which the 

number ofstudies with significant positive effects is relatively close to the number 

ofstudies with significant negative effects. However,the number ofstudies with 

no significant effect exceedsthem both. In this case,the vote-counting method 

will result in a conclusion of no effect. Asa result,the large number ofsignificant 

effects has been ignored in the process. 

Second,the vote-counting method is not effective with studies 

characterized by small sample sizes and small effect sizes. Many educational 

research endeavors with these qualities produce interesting findings(Hedges& 

OIkin, 1985). However,the vote-counting method will not adequately explain the 

significance ofthese studies. Hedges and OIkin(1985)proved that when a true 
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effect exists and the mean statistical power ofthe studies is less than 14, vote-

counting is not an appropriate method ofreview. Underthese conditions,as the 

number of reviewed studies increases,the probability that vote-counting will yield 

accurate conclusions decreases(Hedges& OIkin, 1985). Therefore, other 

reviewing techniques would be more appropriate for this type ofsituation. 

Third,the category containing the moststudies does not always 

adequately describe the magnitude ofan effect(Light& Pillimer, 1984). 

Considerthe scenario in which studies are separated into three categories. One 

category may contain more studies than either ofthe othertwo categories, but 

the vote-counting method can not explain whetherthe results are overwhelmingly 

in favor ofa particular treatment or barely significant. Thisflaw is similar to 

another difficulty regarding sample sizes(Light& Pillimer, 1984). The statistical 

significance of research results is greatly influenced by sample size. However, 

"reviewers using the voting method treat all studies alike and completely ignore 

the fact that studies with differentsample sizes have a completely different 

meaning for'significant'"(Hunter et al., 1982, p. 132). In other words,the vote-

counting method is incapable of reporting these subtle, but important, details. 

Corhblnlng P-values 

This method requires the researcher to combine significance levels across 

all studies in orderto produce a p-value representing the entire group(Hunter et 

al., 1982). Ifthe p-value is small enough,the reviewer can reportthe existence 
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ofa significant effect. Rosenthai(1978)was an early advocate ofthis approach 

and his research involved nine methods by which a pooled p-value could be 

generated. His work in this area is self-described as a precursor to meta-

analysis(Rosenthai, 1991). This method is more powerful than the two 

previously mentioned approaches because the results of individual studies are 

combined in a statistical manner. In particular,the method ofcombining p-values 

can yield significant results the vote-counting procedure would be unable to 

distinguish (Light& Pillimer, 1984). When a reviewer incorporates several 

studies with small, possibly insignificant, p-values, it is possible for the pooled p-

value to describe a statistically significant effectfor the combination ofstudies 

(Rosenthai, 1991). 

However,this method also has its faults. For example,while many 

combinations ofstudies may result in a significant pooled p-value,the magnitude 

ofthe effect may not be represented by the value(Hunter et al., 1982). Two 

criticisms ofthis approach were described in the writings of Light and Pillimer 

(1984). First, a pooled p-value is not able to explain the distribution ofstudy 

results. Therefore,even if a significant pooled p-value is generated, it may 

represent one largely significant study outweighing several other statistically 

insignificant studies. The second criticism refers to the type ofstudies deemed fit 

for publication. Most published studies contain statistically conclusive results. 

Therefore,studies unable to generate significantfindings are most likely 

underrepresented in the expanse of research available in print. Therefore,a 
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decisive pooled p-value may be the result of publication bias(Light& Pillimer, 

1984). 

The Need for a New Approach 

While all ofthese techniques are useful methods of review, meta-analysis 

has been slowly making its mark on the world of research. The need for another 

form ofstatistical analysis was realized over sixty years ago. Rosenthal's(1991) 

early work evolved into a form of analysisfeaturing p-values and effect sizes. 

Through the work of Rosenthal and other researchers in the 1970s,the process 

of meta-analysis began to take shape. Whatfollows is a discussion ofsignificant 

features of meta-analysis. 

First, a research-based investigation ofthe need for a statistical method of 

integrating research is considered. A comparison of meta-analytic procedures 

and traditional forms of review wasconducted by Cooper and Rosenthal(1980). 

The study produced some interesting results. Forty-one graduate students and 

faculty members were asked to conducta review of literature. They reviewed 

seven studies containing statistically significantfindings on the relationship 

between gender differences and task persistence. Prior to their requests for 

literature reviews. Cooper and Rosenthal(1980)knew the results ofthe seven 

studies revealed females were more task persistentthan their male counterparts. 

The participants were randomly assigned to conduct either a meta-analytic 

review or a review by more traditional methods. Cooper and Rosenthal(1980) 
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found 73% ofthe participants using traditional methods of review were unable to 

determine a significant relationship between gender and task persistence. Only 

32% ofthe meta-analytic reviewers reached a similar conclusion. This is a clear 

example ofwhy educational research needs a statistically rigorous method of 

review. It is also an example ofthe ability of meta-analysis to satisfy that need. 

Meta-Analysis 

"Meta-analysis is the quantitative cumulation and analysis ofdescriptive 

statistics across studies"(Hunter et al., 1982, p. 137). Thefundamental steps in 

the process are gathering studies relevantto the topic, extracting quantifiable 

information from the studies,and organizing the information into an overall 

conclusion(Hunter et al., 1982). While this method does not require access to 

the original data, meta-analysis is a statistically sound procedure for research 

integration(Glass, McGaw,&Smith, 1981). The basic concepts involved in this 

process were first implemented by Thorndike and Ghiselli over sixty years ago 

(Hunter et al., 1982). Their work used average correlations to integrate the 

results from a group ofstudies. The early work of Rosenthal(1991)also involved 

some basic meta-analytic procedures. However,the creditfor combining the 

essential processes involved in the methodology and first coining the term "meta-

analysis" belongs to Glass(Hunter et al., 1982). 

While Glass is credited with the pioneer efforts in this field, three other 

academicians were involved in the early stages of research falling underthe 
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umbrella of meta-analysis. As mentioned previously, Rosenthal's(1991)initial 

work contained elements of meta-analysis. He continued to develop his 

procedures and eventually produced aform of meta-analysis similar to the 

method advocated by Glass. Schmidtand Hunter were two other researchers 

involved in the development of meta-analysis(Hunter et al., 1982). Their work 

also generated thefundamental meta-analytic principles independently of Glass. 

Today,the work ofSchmidt and Hunter is largely considered an extension of 

Glassian meta-analysis. In particular, their additional procedures handle 

problems like sampling error and unreliability(Hunter et al., 1982). 

In the lasttwenty years. Hedges has become an invaluable source of 

updates to the methodology and theory encompassed by the term "meta-

analysis". Statistical Methodsfor Meta-Analvsis by Hedges and OIkin(1985) 

provides statistical justification and expansion ofthe ideas originally formulated 

by Glass, Hunter, and Schmidt. The Practical Guide to Modern Methods of 

Meta-Analvsis(Hedges,Shymansky,&Woodworth,1989)is an excellent source 

ofexamples ofways thefundamental meta-analytic procedures can be used. In 

1984,Hembree produced a modelfor meta-analysis and an example ofthe 

precedures necessary to synthesize research in education. His model is a 

precursor to the Hedges guide published in 1989. Glass' basic characteristics of 

meta-analysis are outlined below,followed by an explanation ofthe Schmidt-

Hunter extensions of Glass'work. Discussion ofthe "file drawer" problem and a 

description ofthe Hembree modelfor meta-analysis will conclude this chapter. 
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The Glass Method 

Meta-analysis is not primary analysis-the analysis of original data in a 

research study(Glass et al., 1981). It is also notsecondary analysis-the 

reanalysis ofan original research question with different statistical techniques or 

the consideration of new questions with the old data. Instead, meta-analysis is 

the process of analyzing data provided by quantitative explanations of research 

studies with descriptive statistical techniques(Glass et al., 1981). There are 

several basic steps to meta-analysis; 

1. gathering the data; 

2. organizing the properties ofthe studies involved; 

3. organizing the findings generated by the studies; 

4. assessing the results. 

Each ofthese is described below. 

Gathering the Data 

The researcher involved in conducting a meta-analysis gathers a set of 

studies on a topic in which he has a particular interest. These studies may or 

may not address thesame research questions. Actually, in mostcases,the 

studies will not contain results on all the same questions. This has been a 

criticism from some who feel meta-analysis"mixes apples and oranges"(Glass et 

al., 1981, p.22). However, if all ofthe studies were similar in every respect,they 

would simply produce the same results exceptfor the usual statistical error 
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(Glass, 1978). There would be no reason to Integrate the findings. Therefore, 

the use ofstudies Involving different research questions Is a crucial component of 

meta-analysls. 

Obtaining pertinent studies requires a thorough search ofthe available 

literature on the research topic. The researcher must make every effort to 

uncover every possible research study relevantto the subject at hand. Even 

though the meta-analysls Itself only features primary sources,the search should 

also Include secondary literature sources(Glass et al., 1981). Primary sources 

Include Journal articles, doctoral dissertations, and master'stheses as well as 

papers and reports created for scholarly meetings. Searching the bibliographies 

of primary sources Is a good method of locating other possible studies. 

Secondary sources are those that organize and review the data generated by 

primary sources. These can befound In a variety of abstract archives,and many 

are published In journals. For reviewers Interested In conducting meta-analyses 

In subjects within the field of mathematics education,some valuable secondary 

sources Include: Educational Resources Information Center(ERIC), Review of 

Educational Research. Dissertation Abstracts International, and the July Issues 

ofthe Journalfor Research In Mathematics Education(JRME)forthe years 1970 

through 1994. 

A thorough,exhaustive search for primary sources Is an essential step In 

the Integration of research(Glass et al., 1981). "Locating studies Is the stage at 

^which the mostseriousform of bias enters a meta-analysls"(Glass et al., 1981, 
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p.57). It is importantthat the studies integrated by the review represent most of 

the data available on the question at hand including unpublished research. Ifthe 

data is not representative ofeverything available,the results are questionable at 

best. Therefore,the reviewershould provide a complete description ofthe 

location procedures used in the gathering ofstudies(Glass et al., 1981). This 

will allow the reader to make a knowledgeable and informed assessment ofthe 

meta-analysis and its relevance to his needs. 

Organizing the Properties ofa Study 

Once the primary studies are located,the immense task of organizing the 

data begins. This includes quantifying both thefindings and characteristics ofthe 

studies(Glass et al., 1981). The researcher mustdetermine quantitative labels 

for study properties. This is crucial to evaluating the relationship between the 

characteristics ofa study and its results. However,establishing the appropriate 

definitions and finding ways to quantify them require much thought and 

consideration(Glass et al., 1981). In particular,the codes chosen bythe 

reviewer are a direct result ofthe amountand type of information reported in the 

primary study. In some cases,the reviewer might need to request missing 

information or explanation of unclear information from the author ofthe primary 

resource. 

Coding the characteristics ofthe studies in measurable terms involves a 

variety ofstatistical classifications spanning the scale ofthe nominal through ratio 

categories. Many ofthe characteristics may be represented with the typical 
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measurementscales. Examples ofitems relatively easy to code are number of 

students, length oftreatment,student grade level, and years ofteaching 

experience. Other characteristics require the use of"indicator variables"(Glass, 

1978, p.365)for accurate coding. The socio-economicstatus ofstudents and 

the type oftreatment used are two examples ofcharacteristics which are non-

ordinal, but nonetheless may be significant during data analysis. 

The characteristics importantto meta-analysis fall into two categories: 

substantive and methodological(Glass et al., 1981). The propertiesfundamental 

to the specific problem ortreatment under consideration are called substantive. 

Methodological characteristics are those directly resulting from the method ofthe 

primary study: experimental,correlational, survey, and the like. Regardless of 

which form the properties assume,the purpose in coding them is to allow the 

researcher easy access to the characteristics during data analysis. This is 

importantsince one aspect of meta-analysis is to determine the statistical 

similarities of research results for differentstudy characteristics(Glass et al., 

1981). 

Organizing the Findings ofa Studv 

If every research study expressed its results with similar statistical 

calculations,then the process of quantifying thefindings would be quite simple. 

However,this is obviously notthe case in mostsituations. Justas research 

studies ask different questions,they also use different statistical methods to 

arrive at their conclusions. Therefore,a variety of statistical methods are 
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available for Integrating the findings ofresearch studies(Glass et al., 1981; 

Hedges& OIkin, 1985). In general,the meta-analysis involves the results of 

experimental and correlational studies. Effect sizes are generated for 

experimental studies and correlation coefficients are the values gipaned from 

correlational studies. The basiccomponentsfor calculating and evaluating effect 

sizes and thefundamental process used for analyzing correlational studies are 

discussed below. However,the extensive details and statistical formulas 

necessary for more difficult cases of meta-analytical integration are not described 

here. Instead,the reader is invited to peruse Meta-Analvsis in Social Research 

by Glass, McGaw,and Smith(1981)or Statistical Methodsfor Meta-Analvsis bv 

Hedges and OIkin(1985). 

Calculationsfor Experimental Studies 

The results ofexperimental studies in which a treatment and control group 

ortwo treatment groups are compared are best described with standardized 

mean differences, or effectsizes(ES), between pairs oftreatment conditions 

(Glass et al., 1981). In particular,"the most informative and straightforward 

measure ofexperimental effect size is the mean difference between experimental 

and control groups divided by within-group standard deviation"(Glass et al., 

1981, p. 102): 

ES=-^^Xp-Xc (1) 

The meaning ofeffect size(ES)is fairly easy to understand. In many 
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cases,an ES can be interpreted through careful consideration ofthe study's 

properties(Glass et al., 1981). For example,consider the scenario in which a 

treatment group is compared to a control group based on posttest scores and an 

ES of 1.00 is calculated. This meansthe average test score ofstudents 

receiving treatment is one standard deviation above the average testscore of 

students who did not participate in treatment. In general,this value is fairly easy 

to understand. However,sometimes it may be necessary to considerthe known 

effects ofa treatment condition in order to comprehend the magnitude ofan 

effect size(Glass et al., 1981). Consider a review of research in which one of 

two different treatments is compared to traditional instruction in a series of 

experimental studies. Ifthe average effect size oftreatmentA is twice as large 

as the average effect size oftreatment B,the benefits oftreatmentA outweigh 

the benefits oftreatment B. 

In equation(1)there are three possibilities for s^. Glass(Glass et al., 

1981)prefers the use ofthe control group standard deviation since this"at least 

hasthe advantage of assigning equal effect sizes to equal means"(p. 107). 

Hedges and OIkin(1985)provide two other possible valuesfor s^. They state 

the standard deviation ofthe experimental group can be used. In fact. Glass 

makesthis suggestion as well. However, Hedges and OIkin's(1985)strongest 

support is for a pooled standard deviation combining the standard deviations 

from both the treatment and control groups: 
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_ |(nE-1)s^+(nc-1)s^c 
n,+n,-2 _ *2' 

where and are the respective experimental and control group sample sizes 

and Sg and Sg are the respective experimental and control group standard 

deviations. Glass(Glass et al., 1981)does notsupportthis recommendation. 

When several treatment groups are being compared to a control group,Glass 

contends it would be possible for different effect sizes to resultfrom identical 

mean differences. Hedges and OIkin(1985)asserta pooled standard deviation 

is the best possibility for s^. They claim Glass'argument is not relevant since, in 

mostcases, it is safe to assume population variances are equal. 

Hedges and OIkin(1985)go one step further and provide a correction 

factor for the calculated ES. Hedges(1981)proved that Glass'original ES 

estimate has a bias based on the number ofdegrees offreedom for s^. So each 

ES should be multiplied by 

= (3) 

where m = n^+n^-2. Thisformula is an excellent approximation ofthe actual 

bias correction values provided by Hedges and OIkin(1985, p. 80). The bias is 

small and even inconsequential for large degrees offreedom but can significantly 

inflate ESfor small degrees offreedom. For example, if a study contains a 

combined sample of21 students,then the correction factor would be J(19)= 

0.96,so the unbiased ES estimate is4%smaller than the original estimate 

(Hedges et al., 1989). Hedges and OIkin(1985)advocate every ESshould be 
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corrected for bias before further calculations are conducted. 

A novice utilizing meta-analysis will quickly find moststudies provide 

statistical values otherthan the basic means and standard deviations needed for 

equations(1)and (2). Hedges and OIkin(1985; Hedges et al., 1989)are 

excellent references for the appropriateformulasto convert statistical data like t-

values or information from ANOVA tables into effect sizes. 

Calculationsfor Correlatlonal Studies 

For correlational studies,the researcher integrates the correlation 

coefficients that describe the relationship between two variables. Hedges and 

OIkin(1985)assertthe correlation coefficient is a good candidate for explaining 

the magnitude ofan effect. Their explanation is that correlation coefficients are 

"invariant under substitution of different but linearly equatable measures ofthe 

same construct",(Hedges& OIkin, 1985, p. 223). Working with correlation 

coefficients is not as complicated as the process ofgenerating effect sizesfrom 

experimental studies. 

Glass(Glass et al., 1981)states integration can be conducted on any of 

the correlation scales: r^y, r^, or Fisher'sZtransformation of r^. However,the 

results ofthe analysis should be stated in terms ofthe traditional Pearson's 

product-moment, r^,scale. Glass provides specific guidelines for conversion 

when findings are presented in forms otherthan r^. Once the coefficients are all 

represented on thesame metric,comparison follows a similar pattern as with 
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effect sizesfrom experimental studies. The sizes of correlation coefficients are 

evaluated in terms ofthe study's properties that representthe relationship 

described by r^. 

Before proceeding with the assessmentof results,this is an appropriate 

juncture to emphasize the need for meta-analysis to include dissertations and 

other unpublished research. Creating effect sizesfor all studies, published and 

unpublished,and using quantitative measures to analyze the data allows the 

researcher to statistically determine whether or not published studies are more 

rigorously designed than unpublished studies(Glass et al., 1981). This is also an 

opportunity for the researcher to examine how the strength ofa research design 

influences the size ofthe effect. Therefore,the use of unpublished research in a 

meta-analysis is essential. 

Assessing the Results 

The process of meta-analysisseeksto statistically integrate a set of 

studies related to a particular topic. For this to be possible,the results ofstudies 

must be stated in terms ofa common measurementscale. The dependent 

variables in statistical analysis are the research results while the independent 

variables are the aforementioned substantive and methodological study 

characteristics(Glass et al., 1981).The methods used to transform study 

information into analyzable data have been discussed. Next,the methodsfor 

reporting the findings will be examined. In general, all traditional methodsfor 
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analyzing statistical data can be useful in a meta-analysis. All forms of 

descriptive statistics can be used to illustrate effectsizesfrom experimental 

studies and correlation coefficients. However,the particular methods advocated 

by Glass(Glass et al., 1981)and Hedges and OIkin(1985)are discussed here. 

Graphical Analysis 

For visual representation, Glass(Glass et al., 1981)recommendsa 

method originally described by Tukey(1977)in Exoloratorv Data Analvsis. The 

"schematic box-and-whisker plot" provides a picture ofthe effect size distribution 

for different constructs(Glass et al., 1981). An example appears in Figure 1. 

The main box represents the second and third quartiles ofthe distribution. The 

median,defined in the traditional way,lies within the box. The innerfences are 

positioned on each side ofthe box exactly 1.5 timesthe length ofthe box. They 

are marked "f. Data values beyond the innerfences are called outliers. Outer 

Construct1- F ^ 

0) 

I 
Construct2- **F * f-)f^ f* F 
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Effect 

Figure 1.Example ofa Schematic Box-and-Whisker Plotfor Effect Sizes 
Corresponding to Two Constructs 
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fences, marked "F", are another distance of 1.5 times the length ofthe box 

beyond the innerfences. Far outliers lie beyond the outerfences. 

When reading a schematic box-and-whisker plot, the effectsizesfalling in 

the outlier orfar outlier categories are considered with skepticism. They may 

represent errors in data reporting orsometype of miscalculation. When 

presenting the findings of meta-analysis,these problems should be reported or 

the outliers should be eliminated from the study and the descriptive statistics 

recalculated (Glass et al., 1981). 

Descriptive Analysis 

Summary tables ofaverage effect sizes and their standard deviations are 

frequently used to record the results of meta-analysis. Similar to the 

interpretation ofdata from primary research studies,the meta-analytic researcher 

must be careful when describing average(mean and median)effect sizes with 

broad,general categories. The effects ofother study characteristics must be 

reflected in the description in orderfor the interpretation to be as accurate as 

possible(Glass et al., 1981). 

Glass et al.(1981)assertthe integration ofa collection ofstudies is more 

a descriptive process than an inferential one. Therefore,effect size means and 

standard deviations are the central focus of Glassian meta-analysis. Effect sizes 

are grouped according to the research questions at hand. Each value is 

considered an estimate ofthe population parameterfeatured by that group of 
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effect sizes(Glass et al., 1981). In orderforthe mean value to have statistical 

significance,the effect sizes must satisfy the condition of homogeneity. 

Homogeneous effect sizes have one significant element in common-the 

population parameter in question(Hedges& OIkin, 1985). Therefore, if the group 

is homogeneous,the mean effect size is determined to be the bestestimate of 

the population parameter. Analysis ofthe mean becomesthe researcher's 

centralfocus(Hembree,1984). 

Ifthe values are heterogeneous,the researcher's attention turns to finding 

reasonsfor the variability among the effect sizes. The search for the source of 

the variance begins with the characteristics discovered and classified during the 

coding phase of meta-analysis. Therefore,the astute meta-analyst musttake 

great care in the coding process and have easy access to the characteristics 

during all phases ofintegration. 

Analysis ofCorrelation Coefficients 

For correlation coefficients. Glass(Glass et al., 1981)asserts all statistical 

methods of representing relationships between two variables may be useful in 

meta-analysis including contingency tables and regression analysis. However, 

Glass(Glass et al., 1981)states thatthe most powerful method involves the 

generation of linear representations on the Pearson product-momentscale. 

Many significant relationships between study characteristics and findings can be 

analyzed by evaluating effect magnitudes that are represented by linear 

correlations. 
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Glass(Glass et al., 1981)also discusses the use of regression equations 

in the interpretation of meta-analyticfindingsfrom correlation coefficients. 

Regression equations allow the researcher to calculate estimated effect sizes for 

specific characteristics or treatment conditions. By setting the independent 

variables to a specific range of values,the researcher can draw conclusions 

about certain study elements under different treatment conditions. However, 

care must be taken in reporting the findings,since one treatment may be superior 

under certain conditions while another treatment may result in greater benefits 

under another set of conditions. 

Hedges and OIkin(1985)caution againstthe use of regression analysis 

for evaluating correlation coefficients. In particular, they state the underlying 

assumptions necessaryfor regression analysis are not metsince "the variance of 

a sample correlation is inversely proportional to the sample size ofthe study", 

(Hedges& OIkin, 1985, p.224). Also,a dependent relationship between the 

variance ofthe sample correlation and the population correlation exists. 

Therefore, problems may arise when integrated studies have different sample 

sizes and different population correlations. Lastly, Hedges and OIkin(1985) 

state the traditional method of regression analysis does not provide a test of 

goodness offit for the regression model. 

Other AssessmentTechniques 

In the assessmentand analysis of results,there are many techniques 

available. Determining the appropriate method depends on the type of data 
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collected and the types ofstudies involved. Glass(Glass et al., 1981)as well as 

Hedges and OIkin(1985)describe various methodsfor analyzing effect sizes and 

correlation coefficients. These include linear analysis ofvariance models, 

multiple linear regression models,logarithmic models,and non-parametric 

integration models. The reader is invited to examine Statistical Methodsfor 

Meta-Analvsis by Hedges and OIkin(1985)and Meta-Analvsis in Social 

Research by Glass, McGaw,and Smith(1981)forfurther details. 

The Hunter-Schmidt Approach 

As previously mentioned. Hunter and Schmidt(Hunter et al., 1982)and 

Glass et al. developed their meta-analytic procedures concurrently. However, 

the researchers worked independently. Many ofthe concepts developed by 

Hunter and Schmidt directly correlate with those already covered by the Glass 

method of meta-analysis. The Hunter and Schmidt method alsofeatures 

solutions to problems involving sampling error, unreliability, and range 

restrictions(Hunter et al., 1982). These aspects ofthe Hunter-Schmidt approach 

are the major differences between the two techniques. 

As in the Glassform of meta-analysis, Hunter and Schmidtemphasize the 

use of effect sizes over p-values. However,Hunter and Schmidt developed 

formulasfor calculating experimental effect sizes after they established 

techniquesfor evaluating correlation coefficients(Hunter et al., 1982). The 

Hunter-Schmidt method defines the numerator ofthe effect size to be the 
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difference between experimental and control group means. 

d=̂  (4) 

Wheres is a within-group standard deviation resulting from the pooled variance 

ofexperimental and control group data. This equation is similar to equation(1) 

advocated by Glass. 

One difference between the two methods is thatthe Hunter-Schmidt 

procedure requires corrections to the mean effect size for problems in instrument 

unreliability and for restrictions in the range(Hunter et al., 1982). Glass does not 

discuss the need for these types of corrections. Another significant difference is 

the Hunter-Schmidt method does not acceptthe variance ofthe effect size at 

face value(Hunter et al., 1982). It tests the variance for statistical flaws including 

sampling error, range restriction, reliability or validity issues, or computational 

errors. If necessary. Hunter and Schmidt have developed methodsfor adjusting, 

the effect size variance with regard to the first three statistical artifacts mentioned 

above. The reader is invited to review Meta-Analvsis: Cumulating Research 

Findings Across Studies by Hunter,Schmidt,and Jackson(1982)for more 

details. 

The"File Drawer"Problem 

Publication bias hasthe potential ofsignificantly influencing the results of 

all types of research reviews. However,since a review can only be based on 

available research studies,the actual influence of unpublished results is difficult 
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to determine. Nevertheless,the potential effect of unpublished results should be 

carefully considered by the reviewer. This issue was addressed earlier in this 

chapter during discussion ofthe combining p-values method of review. Now the 

effects of publication bias on the results ofa meta-analysis will be described. 

Rosenthal(1979)conducted extensive research and coined the term "file drawer 

problem"to describe the situation. The extreme view ofthe problem is "journals 

are filled with the5% ofthe studies thatshow Type I errors, while the file drawers 

back atthe lab are filled with the95% ofthe studies thatshow nonsignificant 

(e.g. p >.05)results"(Rosenthal, 1979, p.638). 

With respectto meta-analysis,the reviewer would like an estimate ofthe 

number of unpublished, nonsignificant studies that could change significant 

results into nonsignificant results. In particular,the researcher would like to know 

the number of file drawer studies that could be incorporated in the calculation of 

a mean effect size before the significance ofthe mean would be negatively 

affected by the null results. If a statistically significant mean effect size fails to be 

significant after the addition of only afew file drawer studies,the results are not 

resistant to the "file drawer problem"and should be written up accordingly. 

With careful searching techniques. Glass(Glass et al., 1981)asserts the 

astute meta-analyst can guard againstthe problem. Two methods are: 

1. Requesting unpublished manuscriptsfrom researchers in thefield. 

2. Conducting extensive searchesfor dissertations and theses on the 

topic. 
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Glass reports that research published In journals is biased toward the 

researcher's chosen hypotheses. In a comparison ofeleven meta-analyses, 

Glass et al.(1981)determined the findings reported in journals were "one-third 

standard deviation more disposed toward the favored hypotheses ofthe 

investigators than findings reported in theses or dissertations"(p.67). Therefore, 

the researcher who fails to include unpublished studies in a meta-analysis may 

generate misleading results. 

Rosenthal(1979,1991)developed a statistical method,based on 

probability levels,for determining a quantitative review's tolerance for null results. 

Atthe5%significance level,the number offile drawer studies necessary to 

cause the probability ofa type I error to reach p= 0.05 isfound bytheformula; 

KZ 

whereX is the number offile drawer studies, K is the number ofstudies 

integrated by the meta-analysis,Z is the mean value calculated with standard 

normalZvalues corresponding to the exact p-valuesfrom the meta-analysis 

studies,and 1.645 is the value corresponding to a5% level ofsignificance forthe 

standard normal distribution. An algebraic simplification of(5)provides the 

following formula for X. 

^ K[KZ^-2.706] 
2.706 

Similarformulas can be easily generated for other significance levels. Simply 

replace 1.645 in formula(5)with the appropriate standard normal distribution 
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value corresponding to the desired level ofsignificance. Likewise,solving forX 

will yield a formula similar to(6). The size ofX describesthe magnitude ofa 

meta-analysis' resistance to the file drawer problem. IfX is relatively small,the 

results will be significantly influenced by a small number offile drawer studies. 

For a5% level ofsignificance, Rosenthal(1979,1991)describes a less 

rigorous approach for determining the number offile drawer studies needed to 

influence statistically significant results. If the exact p-values are not available, 

then the researcher can base an estimate ofthe number offile drawerstudies on 

S,the number of meta-analysis studies producing statistically significant results 

and N,the number of meta-analysis studies producing nonsignificant results. 

X=19S-N (7) 

When p=0.05 and the null hypothesis is true, 19 is the ratio ofthe expected 

number of nonsignificant results to the expected number ofsignificant results. 

Orwin(1983)extended Rosenthal's work to include effect sizes. His 

rationale for the modification is that exact probability levels are not always 

reported in primary studies. Hedges and OIkin(1985)support Orwin's method, 

called the fail-safe N. While the premise is the same asthat of Rosenthal's 

original work,advocates ofthe fail-safe N state that null results, either new or 

unpublished,from a variety ofsources are the central issue(Brown,1992; 

Carson,Schriesheim, Kinicki, 1990). The researcher mustassess the stability of 

the meta-analytic results to the addition of null findingsfrom all possible sources 

(Carson at al., 1990). 
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The fail-safe N is the number ofstudies with null results that would reduce 

a mean effect size to a negligible level(Hedges& OIkin, 1985). Theformula for 

the fail-safe N is: 

where X is the fail-safe N,K is the number ofstudies integrated by the meta-

analysis, D is the mean effect size ofthe meta-analysis studies, and is a 

criterion value chosen for analysis(Carson et al., 1990). Hedges and OIkin 

(1985)state is the effect size value which D would be reduced to by including 

X number ofstudies with null results in the meta-analysis. Therefore,the 

selection of Dg is crucial to the fail-safe N process. The relationship between the 

fail-safe N and the mean effect size should be reported with the meta-analysis 

results. "Ifthe fail-safe N(X)is relatively small in comparison to thenumber of 

studies in the meta-analysis(K),then only tenuous conclusions should be drawn, 

regardless ofthe magnitude ofthe effect size"(Carson et al., 1990, p. 239). 

It is often difficult to make decisions regarding the meaning ofthe size of 

X. The researcher needs to determine whether or notX unpublished studies 

could actually exist(Rosenthal, 1979, 1991). To make an educated 

determination,the researcher must havesome understanding ofthe amountof 

research conducted in the field under consideration. Nofirm guidelines on the 

relationship between X and K have been established(Carson et al., 1990). 

Rosenthal(1979)suggests that a conservative "tolerance level"for X is 5K+ 10 
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(p.640). This allowsfor the availability offive times the number ofstudies 

Involved In the review. If only one study Is being reviewed,the +10sets the 

minimum number of"file drawer"studies atfifteen. 

The Hembree Model 

A dissertation written by Hembree In 1984 Is an Invaluable resource for 

the researcher conducting an education-based meta-analysls. In first half of his 

thesis, Hembree provides a description ofthe processes Involved In the 

Integration ofstudies through a meta-analysls. Hembree's(1984)model Is 

solidly grounded In the work of Glass et al.(1981), Hunter,Schmidt,and Jackson 

(1982),and Hedges and OIkIn(1985). While Hembree's work Is a guide and 

some specific procedures are discussed, Hembree Is quick to state"the model Is 

presented less to fix proceduresthan to describe In one source a statistically 

sound and orderly processfrom Inception to conclusion"(1984, p.40). He 

clearly wants researchers to realize that flexibility Is an Important characteristic of 

meta-analysls. Therefore, he does not provide rigorous,specific steps that would 

be counterproductive to the process as originally defined by Glass. 

Hembree's(1984)model outlines the entire meta-analytic procedurefrom 

the selection ofa topic and establishing research questions to the coding of data 

and writing the results. He guides the researcher through the process of 

gathering studies,sorting through the relevant and the Irrelevant, and finally 

selecting the studies necessary for statistical Integration. In his tips for coding 
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variables, Hembree(1984)discusses several important concepts. He includes 

the types of variables imperative for any successful meta-analysis,the difficult 

but essential process ofcoding the characteristics of research design,and the 

importance ofa clearly organized coding schemefor accurate data collection. 

In his discussion of effect sizes, Hembree(1984)provides the simplest 

equations which are both practical for the researcher and statistically sound. He 

discusses the merits ofthe various approaches provided by Glass, Hunter-

Schmidt,and Hedges and OIkin, butendeavors to keep the general process as 

simple as possible without compromising the statistical integrity. He provides a 

specific list ofassumptions necessaryfor accurate treatment ofeffect sizes. In 

his discussion ofdata analysis, Hembree(1984)furnishes an easy-to-read flow 

chart ofthe general procedures necessary to turn coded data and effect 

magnitudes into the appropriate confidence intervals. He gives general tips on 

how to analyze and explain the relationships between the various study 

characteristics. Hembree's(1984)details on the interpretation ofconfidence 

intervals and their relationship to the research questions are clear, concise,and 

helpful to the novice or experienced researcher interested in meta-analysis. 

Summary 

While the narrative approach,the vote-counting method,the method of 

combining p-values,and other review procedures will always be importantto 

scholarly activities, meta-analysis has had a significant impacton the academic 
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world. Glass, Hedges,OIkin, Hunter,Schmidtand many other statistical scholars 

laid thefoundation for the meta-analytic procedures currently in use today. 

Examples of meta-analysis can befound in a variety offields. Researchers in 

the medical community provide their colleagues with significantfindings based on 

the integration of research regarding specific medical treatments and conditions. 

Perusal ofthe internet with any ofthe common search engines can quickly point 

the user to several web sites in which company's the central focus is conducting 

meta-analysesfor their customers. The process is continuing to gain statistical 

integrity. While the meta-analysis will continue to evolve as current and future 

researchers refine the integration procedures,there is no doubtthat it will persist 

as a significant element ofthe statistical landscape. The next chapter highlights 

examples of meta-analysisfound in the field of mathematics education. 



Chapter ill 

Review of Related Literature 

Overthe last century, pedagogical methods in mathematics have been in 

a gradual yet constant state ofchange. Since its formation eighty years ago,the 

National Council ofTeachers of Mathematics(NCTM)has been instrumental in 

initiating change in mathematics classrooms all over this country. In particular, 

the Curriculum and Evaluation Standardsfor School Mathematics(1989)wasa 

strong influence on the reform efforts ofthe last decade. No doubtthe successor 

publication Principles and Standardsfor School Mathematics(2000)will motivate 

reform efforts during the 21®'century. Educators,students,and researchers are 

the central participants in every educational movement intent on change. Some 

changes are well known-like the"back to basics" movementofthe 1970s. 

Other changes,while still influential, are small and not well publicized. Teachers 

who institute new techniques in teaching mathematical concepts initiate small 

changes in their students on a daily basis. 

One purpose of reviewing literature is to documentthe significant changes 

which cover a specific period oftime ora particular topic. The centralfocus of 

the currentstudy wasthe calculator's role in changes regarding achievement and 

attitude in precollege mathematics students. Since the calculator's introduction 

in the early 1970s,the changes in which it has played a part have been well 

documented by researchers and educators. The process the currentstudy used 
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to synthesize the most recent calculator Initiated changes was meta-analysis. 

Therefore,the central focus ofthis literature review is twofold-previous reviews 

of calculator research and examples of meta-analysis as an evaluation tool in 

mathematics education. 

This chapter begins with discussion ofa research review of historical 

significance. It is a narrative summary ofa large number of mathematics 

education studies written by a mathematics educator interested in change. 

Highlights of more recent research reviews in mathematics education follow. 

Particular attention is given to two researchers,Suydam and Dessart,who 

provided the mathematics education community with essential reading material 

for educators and administrators alike. Next,a series of investigations featuring 

calculator studies is discussed. These studies provide an importantfoundation 

for the current study. The chapter concludes with examples of meta-analyses in 

mathematics education. The meta-analyses of calculator research is accorded 

significant attention since the currentstudy wasa continuation ofthis work. 

Reviews of Research in Mathematics Education 

A historical example ofa narrative review wasfound in the eighth 

yearbook ofthe National Council ofTeachers of Mathematics. It wasthe oldest 

example uncovered by the current researcher. Benz(1933)reviewed one 

hundred and thirty-two studies related to the teaching of high school 

mathematics. Atthe time, Benzwas concerned by the minimal amountof 
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research conducted in the mathematics education field. He wanted to inspire 

change. His goal wasto encourage educators to participate in more research 

endeavors. To achieve his purpose,Benz created an extensivesummary ofthe 

research conducted between 1915 and 1932. By his own admission, Benz's 

review was not comprehensive. His report provided descriptions ofstudies 

covering a variety ofsubjects related to the teaching of high school mathematics. 

Benzwasan early example ofan educator with a desire to influence change. He 

used reviewing techniques to accomplish his goal. 

The Work ofSuydam and Dessart 

Two prominent names in mathematics education are Suydam and 

Dessart. While their contributions to the field influence both research and 

pedagogy,their talents in reviewing are significant to the currentstudy. These 

two experts generated a variety of reviews over a thirty-year time span. They 

each collaborated with other mathematics educators in several notable 

instances,and they worked together on afew projects. This section contains 

highlights oftheir reviews in mathematics education.Suydam's calculator reviews 

and her work with the Calculator Information Center at Ohio State University are 

included later in this chapter. 

Early Dessart Reviews 

Initial reviews by Dessart were published in the School Science and 

Mathematicsjournal during the 1960s. In 1964, Dessart concentrated his 
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reviewing skills on mathematics in secondary education by conducting an 

extensive integration of research from the first three years ofthat decade. In the 

mid-1960s, Dessart collaborated with Paul Burns. They created a series of 

yearly reviews comprised of all topics in mathematics education. Their series 

consisted oftwo documents per year. Onefocused on research for elementary 

grades, while secondary grades were the central theme ofthe companion 

document(Burns& Dessart, 1965; 1966a; 1966b; Dessart& Burns, 1967). Each 

publication was divided into several categories. The topics under investigation 

by researchers and educators during those years are revealed through these 

reviews. Some ofthe categories and corresponding examples are listed below. 

1. Methods and materials of instruction-The 1964 review of 

secondary education described mixed results generated by studies featuring 

discovery learning and programmed instruction(Burns& Dessart, 1966a). 

Positive and negative results were reported for these controversial methods of 

instruction. The 1965 elementary education review described a series of reports 

on Piaget-oriented methods of instruction(Burns& Dessart, 1966b). 

2. Development of problem solving skills-The secondary education 

review of 1965 contained a discussion of potentially confusing elements that 

appear in the phrasing ofword problems(Dessart& Burns, 1967). Informative 

studies comparing problem solving skills ofstudents in modern and traditional 

arithmetic programs were highlighted in the elementary education review ofthe 

same year(Burns& Dessart, 1966b). 
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3. Problems ofthe low achiever in mathematics-In 1965,a featured 

study discussed the methodsfor determining the placement oflow achieving 

students in high school mathematics classes(Dessart& Burns, 1967). 

4. Achievementand attitude in mathematics-Research featuring 

pedagogical methods to increase the achievementand attitude levels ofstudents 

in mathematics appeared in all but one review(Burns& Dessart, 1965, 1966a, 

1966b). The 1964elementary education review highlighted teaching techniques 

found to significantly influence achievement and attitude changes in students. In 

particular, students of varying ability levels and diverse socio-economic 

backgrounds were discussed (Dessart and Burns, 1965). 

5. Teacher education programs-The elementary education reviews 

gave serious consideration to the best approachesfor conducting pre-service 

and in-service teacher education programs(Dessart and Burns, 1965; 1966b). 

Burns and Dessart(1965,1966a,1966b: Dessart& Burns,1967) 

employed the narrative method of review to create these documents. They 

reported the information in the same manner it was presented bythe original 

researchers. 

The Second Handbook of Research on Teaching(Dessart& Frandsen, 

1973)contained another monumental review by Dessart. For this work, he 

collaborated with Henry Frandsen to summarize ten years ofempirical studies in 

secondary mathematics. Some ofthe highlights ofthat decade,as reported by 

Dessart and Frandsen(1973),are listed below. 
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1. Placing limits on the study offormal logic, increasing the coverage 

of probability and statistics in mathematics classes,and determining the 

influence of calculus on the high school curriculum were among the topics of 

interest to mathematics educators. 

2. Discovery learning was a method by which students had the 

opportunity to discover and test mathematical concepts with guidance, but not 

direct instruction,from teachers. When compared to traditional instruction, 

results were slightly favorable for the discovery approach but not statistically 

significant. Teachers provided anecdotal evidence that students who practiced 

discovery learning were better equipped to handle problem solving situations and 

more likely to engage in critical thinking. 

3. A controversial topic among mathematics educators throughoutthe 

decade was programmed instruction. Research rigorously debated whether or 

not programmed instruction wassuperior to teacher-directed instruction. The 

results were mixed and did not significantlyfavor one method over the other. 

4. Results ofthe International Study ofAchievement in Mathematics 

reflected unfavorably on the United States. When the mean scores of all nations 

taking the test were compared,the United States and Sweden received the 

lowest rankings. There wasevidence that American students were aware ofthe 

difficulties this posed to our country. Survey data revealed American students 

understanding ofthe necessity for strong mathematics skills with regard to the 

development ofour nation. 
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More Recent Reviews bv Dessart 

The reviews conducted during the later half of Dessart's career provided 

educators with thesame invaluable resources as his initial research summaries 

written overthree decades ago. However,in his later writings, Dessart exhibited 

a slight change in purpose. One of his intentions in creating the three research 

summaries discussed here wasto encourage change in the mathematics 

classroom(Dessart&Suydam,1976,1983; Dessart, 1989). 

In 1989,Dessart completed a review featuring briefsummaries of 

significant research findingsfrom 1987. Dessart gleaned studiesfrom a 

compilation of research Marilyn Suydam reported in the July 1988 issue ofthe 

Journalfor Research in Mathematics Education(JRME). Suydam's yearly JRME 

summaries are discussed later in this chapter. Dessart did not provide statistical 

details in this review. Instead, he created a reference documentfull ofresearch-

supported teaching methods applicable in mathematics classrooms. He hoped 

teachers would implementsome ofthe ideas or gain inspiration to conducttheir 

own educational experiments through formal or informal research techniques 

(Dessart, 1989). 

In 1976 and 1983,Dessart collaborated on two projects with Suydam, 

another skilled reviewer. Their purpose paralleled Dessart's intention for his 

1989 review. The"classroom ideas"series provided educators and 

administrators with concise summaries ofcurrent research without statistical 

details. These two seasoned educators used their reviewing talents to 
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encourage change within the mathematics classroom. The seriesfeatured the 

topics ofcomputational skills, algebra,and geometry. Classroom Ideasfrom 

Research on Computational Skills(Dessart&Suydam,1976)supplied 

elementary educators with practical findings related to teaching these essential 

skills. Arithmetic operations with whole and rational numbers werefeatured. The 

document provided teachers with ideasfor introducing, reinforcing, and 

maintaining their students'computational skills. It also provided methodsfor 

transferring and applying those skills to other mathematical areas. 

The successor publication titled Classroom Ideasfrom Research on 

Secondary School Mathematics also supplied educators with pedagogical 

techniques backed by research(Dessart&Suydam,1983). Dessart investigated 

the subject ofalgebra while Suydam concentrated on geometry. The algebra 

section highlighted three areas ofsignificance for classroom teachers: organizing 

for instruction, useful teaching methods,and the importance of homework 

(Dessart&Suydam,1983). The ideas presented were the cumulative findings 

from one hundred eighty-eight studies ofalgebra instruction covering a twelve-

yeartime span. 

Forthe geometry section,Suydam gleaned ideasfrom ninety-seven 

research studies. Initially, she examined researchers' perceptions regarding the 

importance ofgeometry in the high school curriculum. This examination was 

followed by an investigation into several importanttopics including the structure 

ofgeometry courses, useful teaching methods,the significance of logic and 
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proofs,and technology's impacton students' understanding ofthe subject 

(Dessart&Suydam,1983). 

Yearly Reviews bv Suvdam 

Forthe last thirty years,the annual reviews by Suydam have been 

invaluable resourcesfor membersofthe mathematics education community. 

They appeared in the July issues ofthe Journal for Research in Mathematics 

Education(JRME)from 1970through 1993. Suydam and several collaborators, 

including Weaver and Brosnan, participated in this endeavor.On a yearly basis, 

Suydam organized an extensive bibliographicsummary of all available research. 

Studies were listed according to three basic categories: research summaries. 

Journal-published reports, and dissertation abstracts. Included with the 

bibliographic information was a briefsummary ofthe study as well asthe 

featured age or grade level(Suydam & Brosnan, 1994). 

While each ofthe annual reviewsfollowed thesame generalformat, 

several notable changes occurred during the twenty-four yeartime span. To 

highlight a significant topic ofthe time,the reviews in the mid-1970s contained a 

sub-section devoted to Piagetian-oriented research. In 1977,Suydam and her 

collaborators recognized the need for an index(Suydam &Weaver,1978). One 

appeared atthe end ofevery review for the years 1977to 1993. The index 

grouped journal articles and dissertations according to mathematical topics, 

educational classifications, and student ability levels. 

Studies selected for inclusion in the review satisfied two criteria(Suydam 
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&Weaver,1972). First,the research involved some type of mathematical 

variable. Second,the study mentioned a specific implication for instruction or 

was deemed to have potential influence on the mathematics classroom. 

Satisfaction ofthe second guideline was determined by the educational expertise 

ofSuydam and her collaborators. 

These annual reviews continue to provide mathematics educators with 

easy access to listings of years ofresearch. Recent updates to the list have 

been sorely missed since Suydam's retirement in 1994. While these annual 

reviews comprised a substantial component ofSuydam's career,they were not 

the only means by which she made an impacton the mathematics classroom. 

Her work with the Calculator Information Center is featured in the next section. 

Reviews of Calculator Use in Mathematics Education 

Since the meta-analysis central to this research endeavorservesto 

integrate thefindings ofa collection ofcalculator-based studies, it would be 

premature to summarize those studies in this review of literature. Therefore,this 

section is devoted to the findings of previous researchers who tackled this topic. 

More traditional methods of review like narrative and vote-counting techniques 

were used in these summaries. In preparation for the current study, onlytwo 

calculator-related reviews could befound,which presented results applicable to 

precollege mathematics students, within the 1983to2000timeframe. Therefore, 

reviews conducted before 1983are also included in the current discussion. The 
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results presented by different researchers are not independentsince many 

studies appeared in more than one review. 

The Calculator Research ofSuydam 

Suydam of Ohio State University contributed several extensive documents 

to the discussion ofthe calculator's impacton the mathematics classroom. 

When her initial reviews were published,the educational relevance ofthe 

calculator was a controversial topic. In fact, her first report. Electronic Hand 

Calculators: The Implications for Pre-Colleqe Education,was published at a time 

when calculators could befound in only twenty-five percent ofAmerican 

classrooms(Suydam,1976). 

Twenty-four studies were evaluated in her first report. Suydam(1976) 

found most ofthem were implemented with poor research designs. Many of 

these initial studies involved small sample sizes and shorttreatment periods. As 

a result, most ofthem were unable to report significantfindings. Suydam 

presented broad generalizationsfrom these studies. Two examples were, 

"children generally enjoy using calculators" and "calculators may or may not 

facilitate particular types ofachievement"(Suydam,1976, p.23). In an effort to 

assess educators'attitudes toward the use of calculators,Suydam(1976) 

incorporated survey data in her report. The results were displayed through lists 

of attitude-related statements. One list advocated the use ofthe calculator in the 
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classroom and the other attempted to minimize the calculator's place in the study 

of mathematics. 

In an effort to update the information contained in the initial report, 

Suydam produced five state-of-the-art reviews with data collected between 1978 

and 1982 by the Calculator Information Center at Ohio State University. These 

reviews provided summaries offollow-up research and highlighted classroom 

innovations which resulted from calculator use. The 1978 reportstated that 

calculators were becoming more prevalent in classrooms and teachers were 

beginning to design evaluation materialsfor which the calculator would be neither 

a help nor a hindrance(Suydam,1978). The second state-of-the-art review 

(Suydam,1979a)reported more widespread use ofcalculators in classrooms in 

the United States. In spite ofsome significant limitations,Suydam(1979a) 

asserted thatthe studies conducted in 1979 did not indicate calculator use 

hindered students' mastery of mathematical concepts. 

The second and third reports(Suydam,1979a,1980)responded to 

calculatorfoes who insisted the device negatively affected students'scores on 

standardized tests of mathematical achievement. The data uncovered by 

Suydam revealed two-thirds ofthe researchers did not allow students to use 

calculators during testing. However,students with access to calculators during 

instruction received test scores as high or higherthan their non-calculator 

counterparts. In the 1980state-of-the-art-review,Suydam reported seventy 

percent ofeducators spanning all precollege grade levels were receptive to 
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teaching mathematics with calculators. This fourth review(Suydam,1981a) 

highlighted the use ofthe calculator in the development of problem solving skills. 

Research revealed,when the calculator was available,thatstudents incorporated 

a wider variety of problem solving techniques and were more willing to tackle 

difficult problems. Furthermore,their scores on tests of problem solving ability 

were not significantly differentfrom students without access to calculators. 

The final reportsummarized one hundred fifty available calculator studies 

byfocusing on the effect ofthe calculator on three important pedagogical areas: 

achievement with traditional instruction, achievement with special curriculum 

materials, and attitude towards mathematics(Suydam,1982). Suydam 

presented the results ofseventy-five studies on the relationship between student 

achievementand the use ofcalculators in traditional instruction. The studies 

spanned all precollege grade levels with the majority involving grades six through 

nine. Seventy-nine percent ofthe studies reported results favorable to calculator 

use in instruction. On achievementtests following traditional instruction,the 

students using calculators attained scores that were as high or higherthan the 

students who studied thesame material without calculators(Suydam,1982). 

By 1982,thirty-three studies had been conducted on the use of calculators 

and special curriculum materials in mathematics courses. All ofthe studies 

affirm thatthe calculator had no negative effect on student achievement. 

Roughly halfofthe studies described significant differences on achievement 

tests in favor ofthe students using calculators(Suydam,1982). 
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A note on the relationship between the two treatments is important at this 

juncture..While the results are interesting,the actual influence ofthe calculator 

can not be determined from these studies. The positive effects may be the result 

ofthe.calculator,the curriculum materials, or a combination ofthe two. 

Therefore,these results should be interpreted with caution. The calculator's 

influence on students'attitudes toward mathematics was also difficult to 

determine with respectto the studies described in this review. One-sixth ofthe 

studies revealed the calculator had a positive effect on student attitudes. 

However,in the remaining studies,there were no significant attitudinal 

differences between calculator groups and non-calculator groups(Suydam, 

1982). . 

With Suydam acting in an editorial and supervisory role,the Calculator 

Information Center produced a series of"information bulletins"to address the 

concerns ofteachers interested in using calculators in mathematics instruction 

(Suydam 1979b,1981b). The bulletins provided educators with a tremendous 

amount ofimportant information. Several examples are listed below. 

1. Reviews of research related to the use of calculators in education. 

2. A list of guidelines for selecting a calculator for educational use. 

3. Recommendations on how to successfully incorporate the 

calculator in mathematics instruction. 

4. Summaries of published articles with detailed suggestions on using 

the calculator to teach mathematical concepts. 
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Early Reviews of Calculator-Based Research 

The work ofSuydam wassupplemented by reviews ofothers interested in 

the calculator's role in the mathematics classroom. Parkhurst(1979)reviewed 

thirteen calculator-based studies conducted between 1975 and 1979. Several 

studies comparing students using calculators with students not using calculators 

revealed small but significant differences in favor ofthe calculator group 

(Parkhurst, 1979). The^e studies were conducted at the elementary and high 

school grade levels. The remainder ofthe studies were unable to report 

significant differences between the two groups. Therefore, Parkhurst(1979) 

asserted the calculator was neither a help nor a hindrance to students atthe 

middle school level. Parkhurstcommented on the mixed but hopeful results by 

saying "...this slight positive trend signals possible optimism for use ofthe 

calculator in mathematical instruction"(Parkhurst, 1979, p.8). 

Roberts'review(1980)wasthe mostextensive ofthe reports written 

before 1983. He synthesized the findings ofthirty-four empirical studies 

spanning all educational divisions. In halfthe studies involving elementary 

grades, Roberts reported significant benefits to students'computational skills due 

to calculator use. This result was given credence by thefactthat none ofthe 

studies allowed students to use calculators during posttesting. On the other 

hand, only one elementary study reported calculators had a positive impact on 

students' understanding of mathematical concepts and attitudes toward 

mathematics(Roberts, 1980). Interestingly, studies atthe junior and high school 
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levels revealed similar results. Six out ofeleven reports demonstrated 

conclusively the calculator was a positive influence on students'computational 

skills. For conceptual and attitudinal constructs, positive results were reported by 

only two researchers. 

Based on his study, Roberts(1980)called for improvements and further 

research in three pedagogical areas: 

1. Guidelines on the most appropriate time to introduce the calculator 

to students. 

2. The calculator's role in the creation oftests and the determination 

oftesting procedures. 

3. Methods of disseminating research reports to ensure classroom 

teachers ready access to significant material. 

One year later, Rabe(1981)reviewed twenty-six documents regarding the 

use ofcalculators in the classroom. Several ofthe research-based studies were 

also part ofthe Parkhurst(1979)report. As well as describing the results of 

calculator-based research, Rabe(1981)discussed the curricular changes 

necessary to makethe calculator an educationally effective tool. For her 

research summary,Rabe employed a vote-counting approach. Fourteen ofthe 

studies revealed significant differences in favor ofstudents using calculators. 

Onlytwo studies reported significant differences in favor oftheir non-calculator 

counterparts. Rabe(1981)also described the positive relationship between 

students' motivation to learn mathematics and the use of calculators. 
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Asfor curricular changes,Rabe(1981)noted when calculators were used, 

teachers were more selective in the types of paper-and-pencil skills they required 

their students to master. She also reported on teachers'observations oftheir 

calculator and non-calculator students. Students using calculators were more 

productive with the time they were given to practice problem solving skills and 

were more likely to assess the reasonableness oftheir answers before moving 

on to other problems(Rabe,1981). 

Sigg wrote a review around the same time the Parkhurst and Rabe reports 

appeared in print. His synthesis incorporated twenty-two research based studies 

and fifteen curriculum reports(Sigg, 1982). In the first part ofthe study,Sigg 

provided a briefsynopsis ofeach documentand the original researcher's most 

significant conclusions. The research was divided into three categories: 

1. Calculator effects on computational achievement and attitudes 

toward mathematics. 

2. Calculator effects on problem solving skills. 

3. Curricular changes implemented by educators asa result ofthe 

expanded availability of calculators in the mathematics classroom. 

Along with the narrative summaries,Sigg(1982)employed a vote-

counting strategy to further assess the reports. Seven ofthe thirteen studies 

which highlighted computational skills yielded significant differences in favor of 

the students using calculators. Three ofthe studies revealed improvements in 

students'attitudes after they had access to calculators. Five out of nine studies 
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indicated the calculator was beneficial to the development of problem solving 

skills. 

Regarding curricular changes,even though many calculator 

recommendations were available in the early 1980s, mostclassroom teachers 

had notimplemented the strategies with their own students. To Sigg(1982), it 

appeared teachers were wary thatthe possibility of negative calculator effects 

outweighed the benefits of calculator use. Teachers were not aware of research 

that described the positive benefits of calculators without compromising students' 

paper-and-pencil skills. Like Roberts,Sigg(1982)expressed concern aboutthe 

availability of research for educators in the field. 

In a short review offourteen documents, Neubauer(1982)arrived at 

conclusions differentfrom those offered by previous reviewers. Neubauer 

reported results offive research studies and synthesized findingsfrom nine 

evaluations ofstandardized testscores. Neubauefs(1982)impression ofthe 

research can be summarized in three statements. 

1. Calculators should not be used in elementary grades. Students are 

learning the basics and should focus on developing paper-and-pencil skills. 

2. Calculators are ineffective learning tools for students with below 

average abilities in mathematics. 

3. Calculators are useful in helping average or above average 

students to develop problem solving skills. 
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More Recent Calculator-Based Reviews 

In 1993, Gllchrist conducted a review with the needs of adult students as 

herfocus. Her primary concern wasthe availability ofcalculators for students 

taking the General Educational Development(GED)examination. While this 

population was notthefocus ofthe current study, her review was relevant due to 

its inclusion ofstudies conducted atthe precollege level. Gilchrist discussed 

research spanning a seventeen-yeartime period. Her report was divided into 

two parts,the use ofthe calculator in mathematics instruction and the use ofthe 

calculator in standardized testing. 

While the results of calculator studies were mixed,in later studies Gilchrist 

found positive results were becoming more prevalent. Gilchrist(1993)and 

Neubauer(1982)agreed on one asjDect of calculator use. They both found 

calculators to be successful learning toolsfor students developing problem 

solving skills. Gilchrist disagreed with Neubauer on the relationship between 

calculators and low ability students. In her review,shefound calculators were 

beneficial to students of below average ability. The technological device 

minimized the computational weaknesses oflow ability students and allowed 

them to focus on developing problem solving skills. 

Gilchrist's(1993)report wasthe only review uncovered by the current 

researcher to discussthe use ofthe calculator in standardized testing. The 

calculator was not beneficial for students with regards to test questions of 

problem solving skills. Since the calculator hasthe potential to allow students to 
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answer computational test questions with the push ofa button, Giichrist 

described the efforts oftesting boards to write testsfor which the calculator is not 

needed. Based on changes in standardized testing policies, Giichrist asserted 

the doors would open to other possibilities for calculator use in testing and 

instruction(1993). Due to the prevalence ofcalculators in the workplace, 

Giichrist rationalized the classroom and testing room should follow suit. In her 

words,educators should "stop preparing studentsfor the pastand start preparing 

them for the future"(Giichrist, 1993, p. 36). 

The final narrative review highlighted the use ofone specific type of 

calculator-the graphing calculator. Penglase and Arnold(1996)reviewed high 

school and college studiesfrom 1990to 1995. The results relevantto precollege 

students are reported here. Penglase and Arnold(1996)searched for answers 

to two questions: 

1. How did the graphing calculator benefit student achievement in 

mathematics? 

2. What kind of learning environmentallowed for maximum benefits to 

be attained? 

Based on the evaluated research,the researchersfound the answersto 

those questions to be"elusive and conflicting"(Penglase&Arnold, 1996, p. 59). 

Because traditional skill-based testing procedures were used to evaluate student 

achievement, many studies reported inconclusive findings. Penglase and Arnold 

(1996)agreed with Roberts(1980)and Giichrist(1993)with regard to calculators 
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and testing procedures. They all expressed a need for new methods to evaluate 

mathematics students who have been exposed to technology. 

Penglase and Arnold(1996)stated research favored the use ofthe 

calculator in precalculus courses. However,in moststudies,the differences 

between calculator and non-calculator groups were not significant. In studies 

featuring students' understanding ofthe concept offunction,the results were 

morefavorable for the calculator but still mixed(Penglase&Arnold, 1996). In 

general,the researchers were unable to report significant results ovenwhelmingly 

in favor ofthe calculator. 

Students'understanding of graphical concepts and their capabilities with 

spatial visualization skills weretwo areas that provided conclusive results in favor 

of graphing technology(Penglase&Arnold, 1996). While students may have 

struggled with function concepts,calculators helped them make meaningful 

connections between functions and their graphs. However, most ofthe studies' 

original authors emphasized the need for students to spend time evaluating the 

features offunctions with tables and paper-and-pencil techniques. Penglase and 

Arnold(1996)reported a positive correlation between the development ofspatial 

visualization skills and mathematical achievement. The results were especially 

significantfor members ofthefemale population who had notable difficulties with 

spatial visualization skills(Penglase&Arnold, 1996). 

One interesting result ofthis review may be due to the incorporation of 

studies involving college students. Penglase and Arnold(1996)reported the 
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graphing calculator positively influenced students'attitudes toward mathematics. 

However,some students expressed concern about becoming dependenton 

calculators and losing their paper-and-pencil skills. This point,as well asthe 

debatable issue ofthe calculator's role in the classroom,led the researchers to 

conclude that many pedagogical issues need to be resolved before students will 

achieve maximum benefitsfrom calculator use in the study of mathematics 

(Penglase &Arnold, 1996). 

Meta-Analyses in Mathematics Education 

While the need for the narrative form of review and other review 

techniques will never disappear, meta-analysis is a statistically significant method 

ofevaluating the overall effect ofa collection of research studies. Examples of 

meta-analysis are becoming more prevalent in educational research. Several 

examplesfrom the field of mathematics education are described below. 

Hembree Meta-Analysis on Effects of Hand-held Calculators 

The earliest meta-analysis located by the author and conducted in 

mathematics education wasthe work of Hembree(1984),a doctoral student of 

Dessart. His research endeavor provided researchers interested conducting 

statistically relevant reviews ofeducational research with two invaluable assets. 

First, his study contained a step-by-step guide for using meta-analysis to 

integrate educational research. The guide is examined in chaptertwo ofthe 
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current study. Second,he gave the reader a concise example ofa meta-analysis 

that generated a set ofsignificant results. Two years later, this meta-analysis 

was published in the Journal for Research in Mathematics Education(Hembree 

& Dessart, 1986). In 1992,Hembree and Dessart updated the report with data 

from nine additional studies. Hembree's calculator research is still widely 

discussed in mathematics education circles. For example,seventy percent ofthe 

studies integrated by the current meta-analysis make at least one reference to 

Hembree's work. 

Hembree(1984)considered the effects of hand-held calculators on 

students'achievement and attitude in the K-12 classroom. He reported results of 

fifteen research questions which discussed the calculator's effect on three areas 

of learning: 

1. The acquisition, retention, and transfer ofoperational and problem 

solving skills. 

2. Estimation skills. 

3. Attitude, mathematics anxiety,self-concept, motivation to learn,and 

student perceptions ofthe value of mathematics. 

Hembree's(1984)study involved seventy-nine research studies spanning 

the years 1969through 1982. He calculated five hundred twenty-nine effect 

magnitudes. Mostofthe studies Hembree included were doctoral dissertations; 

however, he also incorporated severaljournal articles, ERIC documents,and an 

unpublished report. Hembree provided detailed lists of effect sizes,schematic 
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box-and-whisker plots ofthe values,and mean effect sizesfor each research 

question in his study. A positive effect size revealed the calculator had a positive 

effect orr the set ofstudents in question. While a negative effectsize implied the 

control group performed better than the treatment group in that particular study. 

The studies in Hembree's(1984)meta-analysis best described calculator 

use in grades three through nine. Kindergarten through second grade were 

significantly underrepresented and grades ten through twelve were only 

moderately represented. Therefore,the results of Hembree's(1984)meta-

analysis were mostsignificantfor the upper elementary and middle school 

grades. Each study involved statistical comparisons ofstudents who used 

calculators with students who studied the same mathematical material without 

calculators. The first significantfinding of Hembree's study wasthatthe 

calculator had no significant effect on the students'conceptual knowledge of 

mathematics. Hefound this to be true for students in every grade level. 

When evaluating computational and problem solving skills, Hembree 

(1984)separated the effect sizes into two categories. One category contained 

the studies that did not allow students in the experimental groupsto use 

calculators on tests. This category was used to determine whether or notthe 

calculator had a maintenance effect on students. The other category was 

comprised ofthe studies allowing calculator use on tests. Hembree used these 

studies to determine possible extension effects from calculator use. Further 
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elaboration on the definitions of maintenance and extension can befound in 

chapter one ofthe current study. 

In the sense ofextension,the meta-analysis(Hembree,1984)found that 

students oflow or average ability experienced improvement in both 

computational and problem solving skills after using the calculator. For students 

of high ability, the calculator had no effect on computational skills but provided 

moderate aid in the development of problem solving skills. In the maintenance 

sense,the meta-analysis revealed different results based on student ability 

levels. Average students who used the calculator realized improvements in both 

computational and problem solving skills. The only exception wasthe fourth 

grade. Calculators had a negative effect on the computational skills offourth 

grade students. Students in the high and low ability categories received no 

benefitsfrom calculator use in computational or problem solving skills. 

When considering these results,the reader should remember that data 

revealing no effect does not imply there is a negative effect. This meta-analysis 

revealed several instances in which.the calculator was neither a help nor a 

hindrance to students'achievement in mathematics. 

In general, Hembree(1984)interpreted his findings as encouraging forthe 

role of calculators in the mathematics classroom. The calculator helped students 

of average ability develop computational and problem solving skills. Atthesame 

time,the skills oflow and high ability students were not harmed by calculator 

use. Hembree stated the one negative result in gradefourshould remind 
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educators that"calculators,though generally beneficial, may not be appropriate 

for use at all times, in all places,and for all subject matters"(Hembree& Dessart, 

1992). 

Hembree(1984)also found the calculator to be a positive influence on 

students'attitudes toward mathematics. This wastrue for all grade and ability 

levels. Also,the students in the calculator groups appeared to have more 

positive self-images regarding their mathematical abilities ascompared to their 

non-calculator counterparts. Due to a lack of sufficient data, Hembree(1984) 

was unable to provide answers to the research questions related to student 

motivation to learn mathematics and student perceptions ofthe societal value of 

mathematics. Hembree's results regarding the relationship between calculators 

and students'estimations skills were positive but not statistically significant. 

In 1992, Hembree and Dessart extended the results ofthe original meta-

analysis with data from nine additional studies. In terms ofstudent achievement, 

the new data "either supported or enhanced"the findings presented in the 

original meta-analysis(Hembree& Dessart, 1992, p. 26). Also,the new data did 

not negatively affect the original findings on student attitudes. The nine studies 

provided further supportfor the calculator's ability to boost students'attitudes 

toward mathematics. They also emphazised the calculator's impacton students' 

self-worth in relation to mathematical activities. It should be noted these nine 

studies were included in the current meta-analysis. 
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Hembree's(1984)meta-analysis and its update(Hembree& Dessart, 

1992)were Influential In the relationship between mathematics and technology. 

Even today,the results ofthese studies are widely reported In reviews of 

pedagogical and technology-related research. The work of Hembree and 

Dessart(Hembree,1984; Hembree& Dessart, 1986,1992)will continue to 

provide a solid foundation for studies regarding classroom use oftechnology. 

They represent clear examples ofthe Impact meta-analysis can have on an 

educational field. 

Smith's Update to Hembree's Calculator Meta-Analysis 

In 1997, Brian Smith used meta-analysis to research similar questions to 

those In Hembree's(1984)study. Smith gathered twenty-four studies spanning 

the years 1984to 1995. He wanted to determine whether the calculator's 

Influence on students'attitudes and achievement In mathematics had changed 

since the Hembree study. However, his analysis was not asthorough as 

Hembree's original work. In particular, he did not gather an exhaustive collection 

ofstudies for the eleven-yeartime period. Thisfactcame to the researcher's 

attention when preparing for the current meta-analysis. While It may not have 

been Smith's Intention to Include every relevantstudy In his analysis,this wasthe 

Intention ofthe current researcher. A recentsearch for studies revealed several 

Important documents that Smith did not Include In his work. 
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As in Hembree's(1984)work,test results ofstudents using calculators 

were compared to test results ofstudents who did not use calculators. Smith 

(1997)generated fifty-four effect sizesfrom data provided by the studies. In 

terms ofconceptual knowledge,Smith's(1997)study revealed that the calculator 

had a positive effect on mathematical achievement. This result was significantly 

differentfrom Hembree's original result and indicated a positive change in the 

relationship between calculators and conceptual skills. However,Smith's result 

was based on nine effect sizes while a statistical integration ofthirty-nine effect 

sizes wasthe foundation for Hembree's conclusions. Therefore,further research 

with a larger collection ofstudies is necessary to discriminate between these 

conflicting results. 

While Hembree's(1984)research found student ability levels to be an 

influential variable in the relationship between achievementand calculator use. 

Smith(1997)chose to make distinctions by grade level. Smith reported the 

calculator had positive effectsfor students in third grade,gradesseven through 

ten,and twelfth grade. Smith's data did not reveal conclusive resultsfor students 

in kindergarten through second grade. In gradesfourthrough six and grade 

eleven,the calculator had no significant effect on achievement. 

Smith(1997)also studied the relationship between the calculator and 

students' problem solving and computational skills. Hefound thatthe calculator 

had a positive effect on students in all grade levels for both ofthese areas. In 

particular. Smith(1997Jstated improvements in computational skills increased as 
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students progressed through the precollege grade levels. Atthe same time, 

students' paper-and-pencii skills were not hindered by calculator use. Smith and 

Hembree(1984)conducted data analysis according to different variables(i.e. 

grade levels as compared to student ability levels). Therefore,comparisons 

between the results regarding computational and problem solving skills were not 

attempted by the current researcher. Smith and Hembree agreed on the 

relationship between the calculator and students'attitudes toward mathematics. 

Smith's(1997)calculations revealed the calculator was a positive influence on 

students'attitudes. However, his results were based on only five effect 

magnitudes and should be considered with caution. 

Hembree's Meta-Analyses of Other Educational Constructs 

From 1986to 1992, Hembree used his well-developed techniques in 

meta-analysis to evaluate several educational constructs. Afew of his more 

recent meta-analyses are summarized below. 

TestAnxiety 

Hembree(1988)integrated a collection oftest anxiety studiesfrom all 

areas ofacademia, notjust mathematics. He uncovered five hundred sixty-two 

reports with sufficient information for the research process. The studies were 

conducted between 1952and 1986,and spanned all academic levelsfrom 

kindergarten through college. In each report,two groups ofstudents were 

compared. One group served asthe control group while the other group 
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received treatmentfor test anxiety. The length oftreatment ranged from one to 

twelve hours. 

For the purposes ofthe study, variations oftest anxiety were separated 

into two categories. Worrv referred to a student's concern about his own 

performance on the test. Emotionalitv involved involuntary reactions to testing 

conditions such as accelerated heart rate or perspiration. Treatment conditions 

were also divided into two categories. Behavioral treatments dealt with the 

emotionality aspects oftest anxiety. Cognitive-behavioral treatmentsfocused 

primarily on the components oftest anxiety related to worry. 

Hembree(1988)found a significant relationship between test anxiety and 

test performancefor third grade and above. In particular, as test anxiety levels 

decreased,students'test performance increased. As an added bonus,students' 

grade point averages improved when anxiety levels were lowered. With his 

study, Hembree demonstrated thattwo widely assumed facts were true. First, 

females experienced higher levels oftest anxiety than their male counterparts. 

Second,students in the early grades experienced very little test anxiety but 

anxiety levels increased with each subsequent grade level. 

Behavioral and cognitive-behavioral treatments were effective in reducing 

test anxiety(Hembree,1988). However,when students were taughtstudy skills 

without any otherform oftreatment,changes in anxiety levels were not 

significant. In several studies,students were evaluated for retention oftreatment 

benefits between three and sixty weeks after treatment. Analysis revealed that 
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the students retained the positive effects oftreatment. Test anxiety as well as 

general anxiety levels remained at or below end-of-treatment levels. In general, 

Hembree's(1988)analysis revealed that test anxiety wastreatable,treatment 

effects were long lasting, and treatment positively influenced general anxiety 

difficulties. Behavioral treatments helped to reduce students'anxiety levels in 

areas outside oftesting. Cognitive-behavioral treatments reduced students 

feelings oftension and anxiety in testing situations(Hembree,1988). 

Mathematics Anxiety 

In 1990,Hembree conducted a meta-analysis on the related topic of 

mathematics anxiety. He integrated thefindings ofone hundred fifty-one studies 

spanning all academic levelsfrom third grade through college. The length of 

treatmentfor mathematics anxiety ranged from three to twelve hours. The meta-

analysis revealed several significant correlations between anxiety and 

performance in mathematics. First, all students who experienced high levels of 

mathematics anxiety performed at low levels on tests of mathematics 

achievement. For males in junior and high school grades,low levels of 

mathematics anxiety directly correlated to higher performance levels on 

mathematics tests. However,these results could not be extended to the college 

level(Hembree,1990). Two well-known facts were proven by Hembree's work: 

1. A significant, positive correlation existed between low mathematics 

anxiety and positive attitudes towards mathematics. 

2. Females exhibited higher levels of mathematics anxietythan males. 
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Hembree(1990)compared the end-of-treatment anxiety levels ofstudents 

participating in treatment with students who were not participating in treatment. 

Hefound classroom interventions involving special class work,equipment,or 

materials were not effective in reducing anxiety levels. Psychological treatments 

such as"systematic desensitization...along with anxiety managementtraining 

and conditioned inhibition were highly successful in reducing mathematics 

anxiety levels"(Hembree,1990, p.43). When the treatment was effective in 

reducing anxiety, higher mathematics testscores were an added benefit. 

Mathematics Problem Solving Skills 

Hembree's(1992)final published report evaluated problem solving skills in 

mathematics education. He statistically integrated the results offour hundred 

eighty-seven research studies covering a period ofsixty years. The meta-

analysis included research across academic levelsfrom kindergarten through 

college. The length oftreatment ranged from five days to the entire school year. 

Several characteristics common to experienced problem solvers were revealed 

by Hembree's(1992)research. Effective problem solvers used diagrams, 

possessed a wide variety of problem solving techniques,and approached 

questions with particular problem solving strategies in mind. 

Hembree revealed that students benefitfrom accurate visual 

representations or access to physical objects when tackling problems. 

Instruction in drawing accurate diagrams and translating English statements into 

mathematical equations positively affected student performance on problem 
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solving achievement tests. Lastly, Hembree's(1992)research revealed students 

benefitted from direct instruction in the difficult, but extremely important, task of 

setting up equations before solving word problems. Hembree's meta-analysis 

supported the notion that students can be taught problem solving techniques 

and,therefore, become successful problem solvers. 

Meta-Analyses Conducted by Other Educational Researchers 

During the last eleven years, other researchers used meta-analytic 

techniques to integrate findingsfrom a variety oftopics in mathematics 

education. Several ofthem are described here. 

Gender-related Differences in Completing Mathematical Tasks 

In 1989, Friedman researched gender issues regarding the completion of 

mathematical tasks. Friedman integrated ninety-eight studies ofstudents in 

precollege grade levels over a fifteen-year time span. The mean testscores of 

males were compared with theirfemale counterparts. The testscores covered 

three categories: single-subject measures(i.e. computation, algebra, etc.), 

problem solving measures,and college entrance examinations. In mostcases, 

Friedman used pretest scores to calculate effect sizes. She wanted to compare 

male and female scores"uninfluenced by intervention"(Friedman,1989, p. 198). 

Effect sizes were defined to be the mean difference of average male and female 

scores divided by a pooled standard deviation. A negative effect size meantthe 

difference favored males. 
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Friedman's(1989)results revealed the existence ofgender differences 

with regards to the completion of mathematics tasks. In particular, males 

realized higher performance levels in accelerated and gifted mathematics 

programs and on college entrance examinations as compared to theirfemale 

counterparts. However,by comparing her results to earlier research conducted 

by Maccoby and Jacklin(1974), Friedman concluded the gap between male and 

female mathematics performance was beginning to narrow. In particular, after 

1980,the average effect size forfemalestaking the Scholastic Aptitude Test 

(SAT)experienced an increase. Friedman concluded "women's performance 

[was]improving relative to that of men"(Friedman,1989, p. 205). She stated 

environmental factors were the most prevalent reason for gender differences. 

The narrowing ofthe gap indicated significant changes in environmental 

influences. Asa result,the mathematical capabilities ofwomen were becoming 

more recognizable(Friedman, 1989). 

Another meta-analysis involving gender-related differences was 

conducted by Wen-Ling Yang in 1997. However,Yang's intentions were quite 

differentfrom those of Friedman. Yang evaluated data gathered from seventh 

and eighth grade students in twenty-five countries during the Third International 

Mathematics and Science Study(TIMSS). Yang chose meta-analysis because 

she believed a comparison of international data could benefitfrom the rigors of 

this statistical approach. She believed features ofeach country's data that could 

not be manipulated by the researcher would make other analytical techniques 
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inappropriate for international comparisons. The data was gleaned from a 

questionnaire asking students to describe their beliefs regarding gender 

differences in learning mathematics. A 5-point Leikert scale, placing boys at one 

end ofthe spectrum and girls atthe other,was used. Students were asked 

questions regarding who they believed was more likely to"be better at 

mathematics","solve a difficult mathematics problem", or"have a natural talent 

for mathematics"(Yang,1997, p. 6). A composite scorefor each student's 

responses to the questions was created. Average scores comprised the data 

used in the calculations ofeffect sizes. 

In ten ofthe twenty-five countries,Yang(1997)found both male and 

female students believed females would be better at completing mathematical 

tasks. In seven countries, both male and female students perceived males to be 

better mathematicians. In the remaining eight countries the vote was split. 

Females believed females were superior in mathematics while males believed in 

male superiority. Yang reported the perceived gender differences in different 

countries fell on a fairly even split with females receiving slightly higher values 

than males. Yang(1997)asserted the results were disjointed and should be 

considered with caution. However,the work proved meta-analysis is an 

acceptable method for evaluating data from international studies. 

Mathematics Anxiety 

Another published example of meta-analysis in mathematics education 

can befound in the November 1999 issue ofthe Journal for Research in 
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Mathematics Education(JRME). Xin Ma(1999)used twenty-six research studies 

to examine the relationship between mathematics anxiety and mathematics 

achievement. The differences in the relationship with regards to gender,grade 

level, ethnicity, and methods of measurement were also evaluated. Ma(1999) 

reported the existence ofa significant relationship between mathematics anxiety 

and mathematics achievement. In fact,this meta-analysis supports the results of 

Hembree's(1990)meta-analysis on thesame topic. 

Both studies revealed improvement in mathematical achievementwhen 

mathematics anxiety was reduced. In particular, Ma(1999)reported "such a 

reduction may be associated with an improvementfrom the 50^"^ to 71®^ percentile 

in mathematics achievementfor an average student highly anxious about 

mathematics"(p.523). Ma(1999)stated the relationship between anxiety and 

achievement in mathematics was consistent across gender,grade,and anxiety 

rating scale levels. Therefore,students of both genders at various grade and 

anxiety levels experienced higher levels ofsuccess in mathematics when their 

anxiety was reduced. 

Summary 

The studies discussed in this chapter are examples ofeducators and 

researchers documenting change in mathematics education. Reviews of 

calculator-based research charted the evolution ofthe calculator's role in the 

classroom overthe last twenty years. Meta-analytic investigations ofcalculators 
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and other pedagogical influences revealed some interesting findings. Some of 

the results were conclusive and ovenwhelming. All ofthe results provide 

foundations on which future research will be conducted. For many years to 

come, mathematics education will continue to be in a gradual yet constantstate 

ofchange. The change of particular importance to the current researcher is the 

calculator's effect on mathematics students. The current reform effort in 

mathematics education led by the National Council ofTeachers of Mathematics 

(NCTM,2000)calls for technology to continue to play an important role in the 

classroom. Therefore,the need for other meta-analyses in this area is certain. 

The currentstudy is a continuation ofthe work begun overfifteen years ago by 

Hembree(1984)and extended by Smith(1997)in more recent years. 



Chapter IV 

Methods 

The current study followed the procedures outlined in Hembree's(1984) 

modelfor meta-analysis. In afew instances, updated techniques described In 

more recent publications(Hedges& OIkIn, 1985; Hedges et al., 1989;Carson et 

al., 1990)were Incorporated Into this study. Differences between the Hembree 

model and the updated procedures will be noted where appropriate. 

The first phase ofthis project was to establish a research topic. With the 

foundation outlined In chapter three,the effects of calculator use In the K-12 

classroom was chosen for analysis. The research questions, listed In chapter 

one,were then developed. Since this study wasa continuation ofthe work of 

Hembree,the questions were similar to those researched by Hembree. Once the 

topic and research questions were defined,the meta-analysis proceeded through 

four basic steps: 

1. Studies relevantto the topic were Identified. 

2. Studies were selected based on their ability to satisfy a set of 

necessary assumptions. 

3. The properties and outcomes ofthe studies were coded. 

4. A statistical analysis was performed on the data. 

The details ofthese steps are outlined below. 

82 
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Limitations 

1. The results ofthis meta-analysis are directly dependenton the data 

provided by the original researchers. Therefore,the research findings reflect 

exactly v\/hat was provided in the original documents. 

2. While the researcher made every effort to find all available studies, 

both published and unpublished, it is unlikely total success was realized. 

Therefore,the validity ofthis meta-analysis is dependenton the degree to which 

the collection ofstudies is representative ofthe entire population ofexisting 

studies. To allow forfurther assessment ofthe validity issue,a fail-safe N was 

calculated for the appropriate research questions. The process is described in 

detail later in this chapter. 

Delimitations 

The general purpose ofthis meta-analysis is to answerthe question: How 

doesthe calculator affect students'achievement and attitude in the precollege 

mathematics classroom? In particular, has the effect ofthe calculator changed in 

the sixteen yearsfollowing the original research conducted by Hembree? Two 

significant limitations arefound in the definition ofthe student population and the 

types of calculators used in the original studies: 

1. The population was established asstudents in K-12 mathematics 

classrooms. 
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2. Hand-held calculators, Including basic, scientific, and graphing 

calculators, were the technological devices under scrutiny. This wasappropriate 

since,asidefrom computers, hand-held calculators are the devices most likely to 

befound in present-day and future classrooms. 

Identification and Collection of Studies 

The initial search for studies involved a perusal ofthe Educational 

Resources Information Center(ERIC)and Dissertation Abstracts International 

(DAI)computer databases. Descriptors like "calculator","graphing calculator", 

"hand-held calculator","mathematics education","mathematics instruction", and 

"research"were used to locate an initial list of abstractsfrom which other search 

techniques could be implemented. Three other techniques were used to locate 

citations and abstracts: 

1. A manual search ofthe annual bibliographies in the Journalfor 

Research in Mathematics Education wasconducted. 

2. A manual search ofthe appropriate volumes of Dissertation 

Abstracts International wasconducted. 

3. Asa study was evaluated for inclusion in the meta-analysis, its 

accompanying bibliography wasscanned for other inclusion possibilities. 

During these initial searches,studies were selected ifthey fit the following 

criteria: 

1. The study featured the use ofa hand-held calculator. 
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2. The study involved students in a mainstream K-12 classroom. 

Following Hembree's(1984)model,the selected studies metfive other 

requirementsfor assurance that the prerequisites of meta-analysis were 

satisfied; 

1. The experimental studies provided data necessary for the 

calculation ofeffect sizes. Means and standard deviations were used most 

frequently, but other statistics like gain scores orsummary data from an ANOVA 

table were also used in effect size calculations. 

2. The correlation studies provided Pearson's product-moment 

correlation or other correlation statistics necessary fortransformation into 

Pearson's product-moment correlation. 

3. The data used in the configuration of dependent variables were 

numerical values on a continuous scale. 

4. Each studysample size contained a minimum often subjects, 

exceptfor studies that used whole classes as units of analysis. 

5. Ifthe results ofa study appeared in more than one research report, 

the more complete report was included in the meta-analysis. 

6. No report was rejected due to a flawed design. 

All ofthe studiesfound in the initial search were reviewed based on the 

aforementioned requirements. Some studies were eliminated immediately by 

reading their abstracts. All other studies were analyzed thoroughly by the 

researcher. The University ofTennessee at Chattanooga library provided copies 
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ofjournal articles and ERIC documents. Dissertations were borrowed from 

university libraries participating in interlibrary loan services. Studies that could 

not be gathered in this manner were purchased from University Microfilm 

International. Unpublished documents were requested directly from the authors. 

Electronic mail was used to make the requests and the documents were received 

through this medium as well. 

Coding the Studies 

The information in each study was coded to allow the data to be easily 

accessed during the evaluation phase ofthe meta-analysis. The various 

characteristics ofthe studies were independent variables. The effectsizes 

calculated from data regarding the outcome constructs ofachievementand 

attitude were dependent variables. 

Independent Variables 

Each independent variable was classified as either categorical or 

continuous. Categorical variables were used to classify entities into two or more 

sections. Continuous variables were those for which attributes were measured in 

a numerical fashion. All ofthe independent variables,except one,were the 

same asthose initially established by Hembree(1984). A category for type of 

calculator was added to the current meta-analysis. 

The categorical variablesfor the currentstudy were: 
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1. Form of publication-Journal article, ERIC document,dissertation, or 

unpublished report. 

2. Typeof measuring instrument-Standardized,teacher designed with 

reliability information provided, or teacher designed without reliability 

information. 

3. Grade level-Kthrough 12. 

4. Student ability level-Mixed,low(below average),average,or high 

(above average). 

5. Studentsocio-economic status-Mixed,low, middle, or upper. 

6. Subiect matter-Mathematical subject studied during treatment. 

7. Experimenter bias-Much or little. (Ajudgement ofthe experimenter's 

direct involvement in the study.) 

8. Curriculum — Traditional methods exceptforthe calculator or special 

methods including materials developed specifically for use with the 

calculator. 

9. Calculator use-Functional use,essentially for computation or 

pedagogical use,essentially an aid in teaching or learning concepts. 

10. Calculator availability-Ratio ofone calculator to the number ofstudents 

who use it (i.e. 1/2) -

11. Ethnicity-Predominant ethnic or cultural group involved in the 

experiment. 
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12. Gender-related differences in calculator effects-None,resultsfavored 

females,or results favored males. 

13. Tvpe of calculator-Basic,scientific, or graphing. 

The continuous variablesfor the current study were: 

14. Year of report publication-1983to 2000. 

15. Length ofcalculator treatment-Number ofschool days. 

16. Time ofcalculator use per treatmentsession-Number of minutes. 

17. Amountofteacher training with the calculator-Number of hours. 

18. Teacher experience-Number ofvears. 

19. Retention period-Number of weeks. (This only applied to the studies 

which examined student retention.) 

20. Research design rating-A value on the scale of 1 to8 

The method used to calculate research design ratings was originally 

described in Hembree's(1984)method. Each study was assessed according to 

eight criteria: problem definition, population description,sampling procedures, 

error control,test instruments, data analysis, conclusions,and evaluation ofthe 

overall report. The guidelines used to evaluate each criterion are described in 

Appendix A. Six out ofeight criteria were analyzed on a scale ofone to three. 

Sampling and error control were considered to be more importantthan the other 

six, therefore,they were rated on a scale ofone to six. The numerical rating was 

calculated by adding the total number of points and dividing by ten. 
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Statistical Assumptions 

As originally presented within the Hembree(1984)model,assumptions 

necessary for statistical treatment ofthe data were applied to the currentstudy: 

1. All data used in effect size calculations fulfilled the requirements of 

a statistical t-test. 

2. The instruments(i.e. test scores and attitude surveys)ofthe 

various studies used to measure thesame construct were linearly equatable. 

3. The use oflarge-sample statistical approximations was appropriate 

and well-founded. 

4. The collection ofstudies was a probabilistic sample and contained 

all ofthe studies the researcher was able to unearth through extensive search 

techniques. 

Dependent Variables 

The constructs ofachievement and attitude were featured within the 

collection ofstudies. Forthe current meta-analysis,dependent variables were 

defined as calculator effects on the achievementand attitude constructs. In 

particular,the dependent variables were: 

1. Calculator effects on achievement related to the acquisition, 

retention,and transfer of operational and problem solving skills in terms of 

maintenance and extension. (Theseterms were defined in chapter one.) 
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2. Calculator effects on attitude concerned students'attitude toward 

mathematics, anxiety toward mathematics, attitude toward the use ofcalculators 

in mathematics,self-concept with respect to mathematical abilities, motivation to 

learn mathematics,attitude toward mathematics teachers,and impressions 

regarding the value of mathematics in society. 

Some studies provided data on both constructs. Asa result, more than 

one dependent variable was available for analysis. Dependent variables were 

represented numerically. The values,called effect sizes, were calculated from 

the data provided by the outcome measures ofthe studies. An effect size is a 

numerical representation ofthe"extentto which post-treatment outcomesfor a 

calculator sample differed from the outcomesfor a non-calculator sample" 

(Hembree,1984). Effectsizes were calculated differently for experimental and 

correlational studies. The equationsfor effect sizes and correlation coefficients 

described below are based on thosefound in the Hembree(1984)model and the 

writings of Hedges(Hedges and OIkin, 1985; Hedges et al., 1989) 

Effect Size Equationsfor Datafrom Experimental Studies 

For experimental studies,the effect size is defined to be the difference in 

experimental and control group means divided by a pooled standard deviation. 

In the formula below, and are the respective experimental and control 

group sample means and Sp is the within-group standard deviation. 

Y -Y 
= (1) 
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The pooled variance, Sp, requires the experimental and control group sample 

sizes, n^ and n^,and the experimental and control group standard deviations,s^ 

and Sg. 

(nE-1)sE+(nc-1)s^ 
<2) 

Ifsample means are not reported in the study, buta t-test ortwo-group F-

test is used to determine an outcome construct's significance level, the equations 

listed below are used to calculate effect sizes. 

+ (3)
I n^ Oq 

ES=#J-^+— (4)
n^ Oq 

The sign ofthe resulting effect size is determined by considering which group 

generated the higher test results. The sign is"+" ifthe test results favored the 

experimental group using calculators. The sign is if the test results favored 

the control group. 

When a study reports data from a one-way analysis of variance(ANOVA) 

or analysis ofcovariance(ANCOVA),the within-group variance,s^,is a good 

estimate ofthe population variance(Hembree,1984). In these cases,s^ is used 

in the denominator of effect size equation(1)creating the following equation. 

Y -YES=^-^ (5) 
c>w 
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When ANCOVA statistics are reported, and are adjusted group means. 

The aforementioned equations were used to calculate effect sizes for the study. 

Effect Magnitudesfrom Correlational Studies 

In correlational studies, effect magnitudes are defined asthe Pearson's 

product-moment correlation. The current meta-analysis did not include any 

studies reporting correlational statistics other than Pearson's r. Therefore, 

conversions to Pearsons' r were not needed. However,they are readily available 

in the writings of Glass(Glass et al., 1981). 

Correction for Distribution Bias and MeasurementErrors 

As originally described by Hembree(1984),"each raw effect size is a 

sample statistic which estimates the underlying population effect size S"(p. 132). 

Hedges and OIkin(1985)proved this estimate is biased based on the number of 

degrees offreedom, n^+ng-2,for Sp in equation (2). The exact valuesfor the 

bias correction can befound in the writings of Hedges and OIkin(1985, p. 80). 

However,the approximation correction factor J(m)where m=nE+nc-2 is 

accurate enough for the purposes of meta-analysis. 

(®) 

Measurement error is a factor ofinstrument reliability, r^• Hembree states the 

error can be corrected by multiplying the effect size by the reciprocal square root 
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ofthe instrument reliability. Frequently,studies fail to reportthe reliability data for 

their tests and survey instruments. In these cases,a value of ryy =1 is used. 

In the current meta-analysis,each raw effect size generated through 

equations(1),(3),(4), or(5)was corrected for distribution bias and measurement 

errors with the following equation. This resulted in an error-free effect size value, 

g-

ES-J(m) 
g= A (7) 

Transformation ofCorrelation Coefficients 

Correlation coefficients do not need to be corrected for bias. However, 

Hembree(1984)recommended transformations to Fisher'szvaluesfor the 

purpose ofsimplifying the data analysis process. The following equation is used 

forthe transformation. 

z4ln^1+r 
(8)

2 v1-r 

Forthe currentstudy, only two correlation coefficients were obtained from 

reported data. Since statistical calculations were not conducted on this small 

sample,transformations to Fisher'szvalues were unnecessary. 

Recording Dependent and Independent Variables 

Foreach study,the independent variables and the data required for 

calculations ofeffectsizes were recorded on a coding sheet(see Figure 2). The 
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Study ID No._ Construct_ 

Author(s) Treatment 

Categorical Independent Variables Continuous Independent Variables 
ID Variable Measure ID Variable Measure 

Xi Publication Form X14 Publication Year 

X2 InstrumentType Xl5 Study Duration 

X3 Calculator Type X16 Time of Calc. Use 

X4 Grade Level Xl7 Teacher Training 

Xs Ability Level X18 Teacher Experience 

Xe SES X19 Retention Period 

X7 Subject Matter X20 Res. Design Rating 

Xs Experimenter Bias 

X9 Curriculum 
Research Design Rating:X= 

Xio Calculator Use 

Xii Calc. Availability 1. Problem Definition = 0IcM 
X12 Ethnicity CO 2. Population Description = 

Xl3 3. Sampling Prodedures= Gender-differences 

4. Error Control= 

5. Instruments= 

6. Data Analysis= 

7. Conclusion = 

8. Report= 

ES or r determination For use in analysis 

Ye Yc Si Sp t "e "c raw ES or r gorz 
yy 

Average g for dependent data 

Figure 2. Effect Size Calculation Coding Sheet 
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coding sheet was designed by using the example provided by Hembree(1984) 

as a guide. A separateform was used for each independent effect size,set of 

dependent effect sizes,or Pearson's product-moment correlation. All corrections 

for bias in effect sizes and correlational transformations were recorded on the 

coding sheets. The data collection phase ofthe meta-analysis was complete 

when all possible coding sheets contained the appropriate information regarding 

the independent variables and effect size calculations. 

Data Dependence 

Moststudies provided enough data for more than one effect size to be 

calculated. Within one study,the same experimental and control groups were 

used to generate effect sizes. Therefore,the effect sizesfor a single study were 

not independent. In mostcases,different effect sizes corresponded to different 

outcome constructs(i.e. dependent variables). Since each outcome construct 

was analyzed separately,data dependence was nota significant problem. 

However,there were several occasions in which the experimental and control 

groupsfrom one study provided data for more than one effect size for thesame 

outcome construct. When this happened,the dependent effect sizes were 

averaged and the average g was incorporated in the data analysis. 

Data Analysis 

For each research question,effect sizes were calculated by the methods 

described above. By definition, a set ofeffect sizes is homogeneous if each 
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effect size in the set is an estimate ofthe population effect size,S(Hedges& 

OIkin, 1985). For a homogeneousset ofeffect sizes,the mean ofthe set is the 

bestestimate ofthe population effect size, S,and the amountof variance in the 

set is a result ofsampling error(Hembree,1984). Therefore,the centralfocus of 

data analysis wasto test sets ofeffect sizesfor homogeneity and to generate the 

appropriate effect size means. 

For heterogeneous sets ofeffect sizes,the variance is larger than the 

amountexpected from sampling error. The mean ofthe set is nota good 

estimate ofthe population effect size. Hembree(1984)describes two possible 

causesfor heterogeneity: 

1. Outlier data points may be the cause. By deleting the outliers,a 

homogeneous set of effect sizes may be created. 

2. A study characteristic(i.e. independent variable) may cause 

heterogeneity. Separating the effect sizes into subsets according to their relation 

to the confounding study characteristic may result in one or more homogeneous 

subsets ofeffect sizes. 

The statistics described below were calculated using two computer 

programs. MetaWin 2.0 is a statistical software program designed to perform all 

calculations necessary for a meta-analysis. It was used for the tests of 

homogeneity,the calculation of weighted means,and the corresponding 

confidence intervals. It was also used for calculation offail-safe N values. 

MetaWin 2.0 does not contain afunction for generating standardized residuals of 
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effect sizes. Therefore,those calculations were performed with researcher 

defined equations in Minitab 12.0. All schematic box-and-whisker plots were 

generated in Minitab 12.0 as well. 

Testfor Homogeneity 

The testfor homogeneity used in the currentstudy is the same asthe one 

described in the Hembree(1984)model. For gi.g2,...,gk, a set of unbiased effect 

sizes,the i^'^ effect size, g,, estimates a Sj and the testfor homogeneity 

determines whether or not all ofthe S;'s are equal. In particular,Si=S for 

1< i < k. Ifthey are equal,then the set is homogeneous and the mean ofthe set 

is the best estimate of S. The steps to determine homogeneity are: 

1. Null and alternative hypotheses are established: 

Ho:Ji =Sfori=1,2,...,k 

At least one is differentfrom the others 

2. The test statistic, Hj is calculated with one ofthe following formulas: 

For experimental effectsizes, gi's, the test statistic, H^,and the estimate ofthe 

population variance, cf{S;),are listed below: 

y_i^ 
H =y-A-

k 4 (9)'Mq'(gi) y ^ 
trq'(gi) 

.2/_x ^Ei+I^Ci . gf 
'^Ei'^Ci 2(n£.+nQ.) 
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For correlational effect magnitudes, z^'s, the test statistic, Hj,is listed below: 

k 

k 
Zi(ni-3)Zi 

HT=E(ni-3)zf- _k (11) 
i=1 Z(ni-3) 

i=1 

In general, has a distribution with k-1 degrees offreedom. Therefore, 

Hj is evaluated by comparing it to the critical value of xl-\ 3 pre-established 

significance level. In the case ofthe current study,a5% level ofsignificance was 

used. 

3. Comparison of Ht with the critical value xl.-\ 's the factor that determines 

whether or not a set ofeffect sizes is homogeneous. 

a. If Ht< xl-\^ then Hq is not rejected. The set ofeffect sizes is 

determined to be homogeneous and the mean ofthe set and 

corresponding confidence interval are calculated. 

b. If Hy> xl-v then Hq is rejected. The set ofeffect sizes is 

determined to be heterogeneous and a search forthe cause ofthe 

heterogeneity is conducted. 

These steps were followed to test sets ofeffect sizesfor homogeneity. 

Effect Size Means and Confidence Intervals 

For each setof homogeneous effect sizes,the population effect size,5,is 

estimated with a weighted mean ofthe unbiased effect sizes. Hembree(1984) 

stated "since estimatesfrom studies with large sample sizes will be more precise 
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than estimatesfrom smallersamples,more weightshould be accorded the more 

precise estimates"(p.81). The equations used to calculate consistent estimates 

ofthe population effect size, d,and related confidence intervals are listed below. 

1 For experimental effect sizes, Qj's, the weighted mean, g^^, and an 

estimation ofthe population variance, a^{S),are calculated with the following 

formulas; 

k f* 
V Oi 

'ofig-,)
9w="k T' (12) 

(9w)=~k H (13)
y ^ 

The(100-a)%confidence interval for S atthe significance level a is calculated 

with the weighted mean, gy^,, the estimate of population variance, cr^(^), and 

obtained from the normal distribution. 

Ow-Za/2^Qw)̂  <Iw+Z<./2 O^Iw) (14) 

2. For correlational effect sizes, z.'s,the weighted mean,z^,and an 

estimation ofthe population variance,(^{5),are calculated with the following 

formulas: 

X!(ni-3)Zi 
i=1 

(15) 
2;(n,-3) 
i=1 
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^ (16) 
I(n,-3) 
i=1 

The(100-a)% confidence interval forS atthe significance level a is calculated 

with the weighted mean,z^,the estimate of population variance, o^{S),and z„/2 

obtained from the normal distribution. 

Zy^, — Z^/2 CT(Z^)<^<Zw+Z^/2O^w) ("17) 

Conversion from a weighted mean of Fisher'szvaluesto a weighted mean of r, 

the Pearson's product-moment correlation, is conducted with the following 

formula: 

rw=tanh(Zvv)=^5i;7^ (18) 

The corresponding confidence interval for the population correlation coefficient, 

p,is calculated with a similar conversion. 

tanh(Zvv-z^/2<^w))^ tanhCz^^ +2^/2c<Zw)) (19) 

The aforementioned equations were used to generate all weighted, 

means,variance estimates,and confidence intervals in the current meta-

analysis. Oncethese values were calculated for every set orsubset of 

homogeneous effectsizes and fail-safe N values were calculated for all 

statistically significant mean effect sizes,the data analysis phase was complete. 

The Fail-safe N 

As described by Hembree(1984),a mean effect size is statistically 

significant when the confidence interval generated for the mean effect size does 
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not contain zero. Underthese circumstances,a mean effect size is significantly 

differentfrom zero. A fail-safe N value is a quantitative description ofthe validity 

ofthe results used to generate a statistically significant mean effect(Hedges& 

OIkin, 1985). The fail-safe N provides the number ofstudies reporting null results 

that will negatively affectthe significance ofthe meta-analytic results(Carson et 

al., 1990). In particular, ifthe studies described bythe fail-safe N were integrated 

with the existing studies,the mean effect size would be altered in such a waythat 

its confidence interval would contain zero. 

While the fail-safe N is a significant part ofthe work of Rosenthal(1979, 

1991), Orwin's(1983)version ofthe fail-safe N directly applies to effect sizes. 

The process described below follows methods outlined by Orwin(1983), Hedges 

and OIkin(1985),and Carson et al.(1990)with afew changes in notation to 

correspond with the notation already established in this chapter. 

Thefail-safe N is calculated with the number ofstudies integrated by the 

meta-analysis, K,the mean effect size ofthe studies, g^,and a criterion value 

chosen for analysis, g,.. 

(20) 
9o 

Based on the writings of Hedges and OIkin(1985), g^ is the effect size value to 

which would be reduced by including N studies with null results in the 

calculation ofthe mean effect size. 

Forthe current study,a fail-safe N was calculated for each statistically 

significant mean effect size. The value g^ was chosen to be the largest effect 
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size with the same characteristics as exceptfor one importantfeature-the 

confidence interval for g^. contained zero. In terms ofsimilarity, g^, and had 

thesame variance. Fail-safe N values were reported with the results of data 

analysis. 

Search for Outliers 

In the current study, outliers werefound by two different methods. The 

first method wasthe one described by Hembree(1984)in his modelfor meta-

analysis. The second method wasfound in the writings of Hedges and OIkin 

(1985). Foreach heterogeniousset ofeffect sizes,the outliers were removed 

and the question of homogeneity was re-visited. 

1. Effect sizes lying outside the innerfence ofa schematic box-and-

whisker plot were considered outliers. Further explanation ofthe plot and 

location of outliers can befound in chaptertwo(p.31 &32). 

2. Effectsizes with standardized residuals larger than 3.00 

significantly affectthe homogeneity ofa set ofeffect sizes. Therefore,these 

were also considered outliers. 

The process involved in generating standardized residualsfor a set of 

effect sizes is outlined below. It directly follows the method described by Hedges 

and OIkin(1985)with afew changes in notation to correspond with the notation 

already established in this chapter. 
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For a set of unbiased effect sizes, 91,92. and the weighted mean of 

the set, Qw,a residual 9,-gwis generated for each g,for 1< i < k. Since g^,, is 

created with the entire set of gj's,the residuals are dependent. Therefore,the 

actual residual used in the calculations is the difference between g, and a pooled 

estimate ofS that does not include the i"^ effect size. The pooled estimate is 

essentially the weighted mean ofthe g/s withoutthe i"" effect size. 

Let TWi denote thesum ofthe reciprocals ofthe effect size variances with 

the i'" value omitted and T\NG,denote thesum ofthe weighted unbiased effect 

sizes with the i"' value omitted. The appropriate formulasforthese values and 

the weighted mean,g^^j, with the i'*^ effect size omitted are listed below: 

1 
TW,= 

Li=i {g,)] 

TWG,= 
Ltrcr^(9i)J 

TWG, 
9wi- (23) 

Therefore,the residual ofthe i''^ effect size is e,= g,-g^^. This residual "reflects 

the discrepancy between the i'^ estimate of effect size and a composite ofthe 

other observations"(Hedges and OIkin, 1985, p. 254). 

One difficulty with e| is thatthe variance is not constantfor the entire set of 

effectsizes for which the search for outliers is being conducted. If e, is created 

for an effect size from a study with a large sample size,then the variance of e. 
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will usually be small. Similarly, if a, is created for an effect sizefrom a study with 

a small sample size,then the variance of e-, will usually be large. Asa result, it is 

difficult to discern when e-^ is truly large(Hedges and OIkin, 1985). A remedyfor 

this situation is to standardize e, with its variance. A good estimate for the 

variance of e„ cr^ie-,), is calculated with TWifrom equation(17)and cr^(gi)from 

equation(10). 

= (24) 

The i'^ standardize residual, e,, is calculated with e|and its standard deviation. 

Hedges and OIkin(1985)assert if a set ofstandardized residuals is 

generated for a set of effect sizes corresponding to one population effect size, 

then the set ofstandardized residuals has a distribution that is approximated by 

the normal distribution. Therefore,standardized residuals larger than 2.00 are 

found in homogeneoussets ofeffect sizes about5%ofthe time. Standardized 

residuals larger than 3.00 arefound even less frequently. 

In the current study,each heterogeneous set ofeffect sizes was first 

analyzed for outliers by evaluation ofa schematic box-and-whisker plot. If no 

outliers could be found,then standardized residuals were calculated and those 

larger than 3.00 were removed. The testfor homogeneity wasthen conducted 

on the smaller set ofeffect sizes. Ifthe set of effect sizes withoutthe residual 

outliers was homogeneous,the appropriate means and standard deviations were 
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calculated. If the set ofeffect sizes was still heterogeneous,a search for a 

confounding independent variable causing the heterogeneity was conducted. 

Summary of Data Analysis Procedures 

Outlined below is a list of procedures used in the currentstudy. The 

concepts and equations involved in these procedures were discussed in this 

chapter. The entire set ofeffectsizes gathered during data collection was 

divided according to the research questions outlined in chapter one. To inhibit 

data dependence difficulties, the effect sizes corresponding to one research 

question were analyzed separatelyfrom the other values. The steps outlined 

below were followed for each set ofeffect sizes. 

1. The effect sizes were graphed using a schematic box-and-whisker plot 

and the graphical outliers were identified. 

2. The testfor homogeneity was conducted without the outliersfrom step 1. 

3. Ifthe setwas homogeneous,the following steps were taken. 

a. The effect size mean and corresponding confidence interval were 

calculated. 

b. The confidence interval was evaluated for statistical significance. If 

the confidence interval did not contain zero,the mean was determined to 

be statistically significant. Thisfact provided the statistical proof 

necessary for stating appropriate conclusions. 
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c. A fail-safe N value was calculated for each statistically significant 

mean effect size. 

4. Ifthe set wasfound to be heterogeneous,a search for residual outliers 

was conducted. 

5. If no residual outliers could befound orthe setwas still heterogeneous 

after the removal of residual outliers, a search was conducted for homogeneous 

subsets related to a study characteristic. The effect sizes were grouped 

according to the confounding dependent variable and tests for homogeneity were 

conducted on each subset. 

6. Effect size means and confidence intervals were calculated for the 

homogeneoussubsets. 

7. For heterogeneous subsets,further grouping by another confounding 

dependent variable was attempted. 

8. Ifsubsets existed in which no causefor heterogeneity could befound or 

the subsets were too small forfurther subgrouping according to confounding 

variables,the means were calculated and presented for descriptive purposes 

only. 



Chapter V 

Results 

The purpose ofthis study wasto determine the effects ofcalculators on 

students in K-12 mathematics classrooms. Data collection resulted in a set of 

unbiased effect sizes and an extensive list ofstudy characteristics. The nexttask 

wasto analyze the plethora ofgathered data. This chapter describes the results 

ofthat task. General characteristics ofthe data are presented first, followed by 

thefindings ofeach research question. 

Features ofthe Data 

Through the initial search,83studies were uncovered through the broadly 

defined category of calculator-based research in the K-12classroom. All studies 

conducted between 1983and June of2000,which could be located by this 

researcher, were included. After evaluating the studies according to criteria 

necessary for meta-analysis,30studies were eliminated. The criteria involved in 

this process are explained in chapterfour. Fifty-three studies remained from 

which data for meta-analysis wasgleaned. The studies are listed in Appendix B. 

As required by meta-analysis,the outcome data ofeach study existed on a 

continuous, numerical scale. No report was rejected due to insufficient 

information. Whenever appropriate, missing information was obtained directly 

from the original author. Traditional and electronic mail werethe means by which 

107 
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the researcher madethe necessary inquiries. The researcher was able to obtain 

all essential information for effect size calculations and other aspects ofdata 

analysis. The final collection ofstudies included 34 dissertations,three master's 

theses,eightjournal articles, one project report,five ERIC documents,and two 

unpublished reports. 

A total of307effect magnitudes were calculated. Two values were 

Pearson's product momentcorrelation coefficients. The remaining 305 were 

effect sizes calculated according to the experimental data methods described in 

chapterfour. They were generated from studies with quasi-experimental 

research designs in which the treatment group used the calculator during 

instruction while the control group received the same instruction without access 

to calculators. All effect sizes are listed in Appendix C. The values rangefrom 

-1.3260 to 2.0341. Almostevery study provided more than one effect size. One 

study provided the most with 18 values,while nine studies provided only one 

effect size. The researcher calculated all effect sizes and coded all study 

characteristics into the appropriate independent variables. Therefore, analysis of 

inter-rater reliability was not necessary. 

The findings ofa meta-analysis are based solely on data provided by the 

included studies;therefore, characteristics ofthe data are an invaluable 

component ofthe process. The coded independent variables for each report 

integrated within current;study are listed in Appendix D. While it is hoped the 

results ofthis study will benefit present and future classrooms engaged in 
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calculator use,the results are a direct reflection ofthe coded study 

characteristics and calculated effect sizes. 

Distribution ofStudies by Year of Publication 

Publication years span the timeframe of 1983to June of2000. This 

range was chosen with the Hembree study in mind. Hembree's(1984)calculator 

meta-analysis wasconducted with all locatabie studies through the year 1982. 

Since the current meta-analysis was an update to Hembree's work,the 

researcher included studiesfrom 1983to the present. Figure3illustrates the 

distribution. The two unpublished reports were accepted for publication in 2000. 

Therefore, it is the year under which they appear in the graph. The year 

providing the most reports was 1991. All years in the range were represented 

except 1997. 
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Figure 3. Distribution of Studies by Publication Year 
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Distribution of Studies by Grade Level 

Mathematics students in mainstream precollege classrooms were the 

focus ofthe included studies. Roughly two-thirds ofthe reportsfeatured more 

than one grade level. Hence,the grade level countexceeded fifty-three. The 

early elementary grades were the least represented grades within these studies. 

Kindergarten and first grade were each featured In one study and second grade 

students did not participate in any calculator-based research. Nearly seventy 

percent ofthe studies involved at least one ofgrades eightthrough twelve. The 

distribution ofstudies by grade level appears in Figure 4. Based on the spread, 

inferences drawn from this meta-analysis are best applied to mathematics 
I 

students in higher grades,specifically eighth through twelfth grades. This is 

significantly differentfrom the Hembree(1984)study in which grades three 

through nine provided the majority ofthe data. 
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Figure 4. Distribution of Studies by Grade Level 
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Continuous Independent Variables 

The length of calculator treatment ranged from zero to 650 days(i.e. 314 

school years). Studies thatfeatured an exam and no calculator treatment were 

represented byzero treatment days. In particular,there wereseven studies in 

which no pre-exam treatmenttook place. The duration ofthe treatment phase 

exceeded 30 daysfor nearly sixty percent ofthe studies. Only three studies 

evaluated students after a pre-determined retention period. The length ofthe 

retention period ranged from two to twelve weeks. 

Based on the method of calculation,a research design rating assumed a 

value on the scale ofone to three units. The criteria are listed in Appendix A. 

The actual range ofthe calculated values was 1.6 to 2.7. The mean research 

design rating was 2.0679. The median value was 2.1. Ten studies received the 

median rating. The range ofaverage ratings was determined to be 1.8 to 2.3. 

Seventy-seven percent ofthe studies fell within the range and therefore received 

an average research design rating. Six studies incorporated better than average 

research designs. 

Distribution of Effect Sizes by Educational Construct 

Appendix C displays the unbiased effectsizesfor each study. Thetwo 

correlation coefficients evaluated the attitude construct. Due to the small number 

ofvalues,statistical analysis was not attempted. Seventeen effect sizes were 

generated from the use ofthe calculator with special curriculum materials. 
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Students in the experimental groups received twoforms oftreatment while the 

control group received no treatment and traditional mathematics instruction. 

Thirteen effect sizes measured students'achievement levels and four values 

measured students'attitudes toward mathematics. 

The remaining 288 effect sizes were generated by studies participating in 

traditional methods of instruction. Studies in which the experimental group used 

calculators while the control group had no access to calculators were the source 

forthese values. Forty-three effect sizes measured students'attitudes toward 

mathematics. The achievement construct was represented by the remaining 245 

values. Achievement was divided into three categories — acquisition, retention, 

and transfer of mathematical skills. The retention category contained thirteen 

effect sizes. Transfer ofskills was represented by only three effect sizes. With 

229 effect sizes, skills acquisition was well represented and yielded the most 

complete results during data analysis. 

There were a total of49 effect magnitudes related to the attitude 

construct. The total included values resulting from special calculator curriculum 

materials and the Pearson's product momentcorrelation coefficients. Figure5 

contains the distribution ofeffect sizes by attitude sub-construct. The calculator's 

effect on student attitudes toward mathematics generated the largest number of 

effect magnitudes. The remaining sub-construct categories contained six or 

fewer values. The most underrepresented categories were student anxiety 

toward mathematics,student motivation to increase mathematical knowledge. 
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1-

2- Legend 
g 3_| I 1 1-AttitudeToward Mathematics 
8 . ' ' 2 - Seif-concept in Mathematics 
i 4- I I 3-AttitudeToward Use of Calc. in Mathematics 
CO 4 - Perception of the Value of Math in Society 

5 — □ 5 - Anxiety Toward Mathematics 
6 - Motivation to Increase Math Knowledge

6- □ 7 - Perception of Mathematics Teachers 
7-

Figure 5. Distribution Effect Sizes by Attitude Sub-Construct 

and student perceptions of mathematics teachers. While none of the categories 

contained an overwhelmingly large number of values, the attitude toward 

mathematics sub-construct had the most solid foundation for data analysis. 

Calculator Use By the Experimental Groups 

In his study, Hembree (1984) described two different roles for the 

calculator. Functional use implied the calculator was available for computation, 

drill and practice, and checking paper-and-pencil work. For pedagogical use, the 

calculator was an essential element in the teaching and learning of mathematics. 

In Hembree's (1984) study, the calculator predominantly assumed a functional 

role. Hembree described only a few studies in which calculators were an integral 

part of the learning process. The earliest study unearthed by the current 

researcher in which the calculator had a pedagogical purpose was published in 

1985. In fact, two-thirds of the studies integrated by the current meta-analysis 

involved an active teaching and learning role for the calculator. Based on these 

findings, it appears the role of the calculator has changed since the mid-1980's. 



114 

Presentation of Findings 

To study the effect ofthe calculator on student achievementand attitude 

In the mathematics classroom,305 effect sizes were available for statistical 

analysis. Forthe succeeding discussion,the effects were divided according to 

the research questions outlined In chapter one. The methods of data analysis 

described In chapterfour were applied to each setofeffect sizes. All calculations 

were conducted with the software package MetaWin 2.0. All graphs.Including 

schematic box-and-whisker plots, were generated In MInltab 12.0. Every testfor 

homogeneity wasconducted atthe5% level ofsignificance. Forthe appropriate 

effect size means,95% confidence Intervals were generated. 

An analysis summary Is provided for each research question. All effect 

sizes Involved In the Initial stage of analysis are listed In ascending order atthe 

top ofthe analysis summary. Each effect size satisfying the definition of outlier Is 

identified with an "o"superscript. All tests for homogeneity were conducted 

without outliers. Thesummary containsthe test results directly below the list of 

effect sizes. Ifthe set was homogeneous,the mean effect size, gvj,, and 

corresponding confidence Interval were calculated. Ifthe confidence Interval did 

not contain zero,the mean value was considered significantly differentfrom zero. 

In the analysis summary,a superscript highlights the confidence Intervals 

corresponding to statistically significant mean effect sizes atthe5% level of 

significance. A fall-safe N value accompaniesthese confidence Intervals. 
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Ifthe testfor homogeneity in the initial stage ofanalysis resulted in a 

heterogeneous set of effect sizes,the data was analyzed for homogeneous 

subsets. Data was partitioned according to significant independent variables(i.e. 

study characteristics)and outliers were removed. The subsets generated 

through the second stage analysis were either heterogeneous or homogeneous. 

The analysis summary displays a list ofeffect sizes for each subset. Results of 

the testfor homogeneity,the,mean effect size, and corresponding confidence 
I 

interval accompany each honiogeneous subset. 

The heterogeneous subsets required a third stage ofanalysis. Data was 

partitioned according to another significantstudy characteristic and analysis 

followed the sameformat as described for the second stage. If at any point in 

data analysis a moderating variable was not available or a subsetwastoo small 

for further partitioning,the mean ofthe heterogeneous subsetwas calculated for 

descriptive purposes. At most,three stages of analysis were conducted for each 

research question. 

A schematic box-and-whisker plot ofthe initial set ofeffect sizes 

accompaniesthe discussion ofeach research question. Innerfences,which are 

VA box lengths, are marked "f. Outerfences are defined to be three times the 

length ofthe box. However,in the currentstudy,outerfences were not 

necessary as none ofthe effect sizes were large enough to be graphed a 

distance ofthree box lengths beyond the box endpoints. 
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The results of data analysis for each research question are presented 

below. The first six research questions discuss the calculator's effect on the 

achievement construct. This construct was divided into three categories which 

represented the acquisition, retention, and transfer of mathematical skills. There 

are two research questionsfor each ofthe three aspects ofachievement — one 

for operational skills and one for problem solving skills. Each achievement 

research question was evaluated for maintenance and extension effects. 

Maintenance effects are those involving paper-and-pencil posttests. Extension 

effects resultfrom the experimental group having access to calculators during 

posttesting. Each maintenance and extension subcategory was evaluated in two 

different ways-analysis ofeffect sizes generated from all types of calculators 

and analysis of effect sizes generated from graphing calculators alone. This 

allowed the researcher to compare and contrast the effects of general calculators 

with the effects of graphing calculators. 

Seven research questions are devoted to the attitude construct. The data 

for these questions was generated from student use of all types of calculators. 

The research question regarding students'attitudes toward mathematics 

provided a sufficient amountof data for a separate analysis ofgraphing 

calculator effects. One research question features students'estimation skills 

after calculator use. However,the lack of sufficient information made meaningful 

analysis impossible. The remaining two research questions could not be 

scrutinized through the medium of meta-analysis. One question highlights 
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gender differences resulting from calculator use. The other question considers 

the Influence ofspecial calculator curriculum on students using calculators. 

Research Question #1 

Whatare the effects ofcalculators on the acquisition ofcomposite 

operational skills? 

a. Whatare the effects ofcalculators on the acquisition of 

computational skills? 

b. Whatare the effects ofcalculators on the acquisition ofconceptual 

skills? 

Composite Operational Skills-Maintenance Results 

All Calculator Types 

Thirty-two effect sizes applied to the maintenance aspect ofthis research 

question. Asthe box-and-whisker plot In Figure6 Indicates there were no 

outliers. The effect sizes are listed atthe top of Figure 7. During the Initial stage 

-X- t * f 
*■ 

■¥r 

I ■ I I I I I I I I I I I ' r I I '1 I 'I i I I I I "I ' 

-1.0 -0.6 -0.2 0.2 0.6 1.0 1.4 

Figure 6. Box-and-WhIsker Plot: Achievement In Acquiring Composite 
Operational Skills - Maintenance Effect Sizes 
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Stage 1: Composite Operational EffectSizes 

-0.5203 -0.3070 -0.0838 0.0891 0.2743 0.3397 0.4549 0.6589 
-0.3672 -0.1675 -0.0381 0.1257 0.2994 0.3418 0.4717 0.8294 
-0.3220 -0.1651 0.0551 0.2036 0.3149 0.4137 0.4839 0.8331 
-0.3080 -0.1588 0.0694 0.2298 0.3181 0.4243 0.6284 1.2274 

=98.31 > 44.99Ht 
Heterogeneous 

Stage 2; Abiiity Groups 

-0.0838 -0.3220 0.0551 0.2743 0.3418 -0.5203 
0.4137 -0.3070 0.0694 0.2994 0.4549 -0.3672 
0.4717 -0.1675 0.0891 0.3149 0.6589 -0.3080 
0.4839 -0.1651 0.2036 0.3181 0.8294 0.1257 
0.6284 -0.1588 0.2298 0.3397 0.8331 0.4243 

-0.0381 1.2274° 

Ht= 7.01 < Z4=9-49 
Ht=8.23< Za=9-49

Homogeneous Ht=61.55> ;jr2o =31.41 Homogeneous
9w~0.2973 Heterogeneous gw=-0.2333

(0.1081,0.4865)* 
(-0.4760,0.0095)

N =3 

Stage 3; Mixed Ability Group-Educational Divisions 

-0.1675 0.2036 -0.3220 -0.3070 0.2994 
-0.1588 0.2298 0.3181 -0.1651 0.3149 
-0.0381 0.6589 0.3418 0.0551 0.3397 
0.0694 0.8331 0.0891 0.4549 

0.2743 0.8294° 

Ht= 12.80 <z!=15.51Ht= 12.52 < Ze =12.59 
Ht= 19.61 > Z3 =7.81 HomogeneousHomogeneous 

Hetrogeneousg,ft,= 0.0699 9w=0.0790 
9w~0.3852 (0.0374,0.1206)*(-0.0206,0.1604) 

N =8 

0:outlier,♦ ; significantly differentfrom zero 

Figure 7. Analysis Summary:Achievement in Acquiring Composite 
Operational Skills-Maintenance Effect Sizes 
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of analysis,the test for homogeneity revealed the group was heterogeneous 

(Ht = 98.31 > =44.99). 

A significant relationship between the effect ofthe calculator and student 

ability level was discovered in the second stage ofanalysis. Theeffectsizes 

were partitioned into three categories-low, mixed,and high ability. The low 

ability subset,containing effect sizes generated from students of below average 

ability, was homogeneous(Ht = 7.01 < z^ = 9-49). The mean effect of0.2973 

was statistically significant since the95% confidence interval(0.1081,0.4865) 

does not contain zero. Thefail-safe N for the low ability group was N =3. 

Therefore, if null resultsfrom three studies were included in this low ability 

subset,the mean effect size would no longer be statistically significant. 

The high ability subsetfeatured students ofabove average ability. 

Analysis ofthis subset revealed an outlier. After its removal,the remaining setof 

effect sizes was homogeneous(Ht =8.23 < Za = 9.49)with a mean effect of 

-0.2333. This value was not statistically significant since the confidence interval 

(-0.4760,0.0095)includes zero. Effectsizesfor the mixed ability group were 

gleaned from studies in which students oflow or high ability were notseparated 

from the rest ofthe class during data collection. Therefore,the mixed ability 

group represents the range of abilities found in a typical classroom. The subset 

was heterogeneous(Ht =61.55> Z20-31.41)and thus required a third stage of 

analysis. 

The moderating variable for the mixed ability effect sizes was determined 



120 

to be the separation ofgrade levels into educational divisions. The elementary 

division contained kindergarten through fifth grade. Sixth through eighth grades 

werefeatured by the middle school division. The high school division consisted 

ofgrades nine through twelve. The elementary and high school mixed ability 

subsets were homogeneous. The elementary subset generated a non-significant 
I 

mean effect of0.0699. An outlier was removed from the high school subset 

resulting in a mean effect of0.0790. With a confidence interval of(0.0374, 

0.1206),this value is significantly differentfrom zero. A fail-safe N was 

calculated and resulted in a value of N =8. Therefore, ifthe null results ofeight 

studies were integrated with the existing studies,the mean effect size would be 

reduced to a value that would be statistically insignificant. 

The middle school subset was heterogeneous. With such a small set of 

values,further partitioning by another study characteristic was not worthwhile. 

The mean effect of0.3852 is provided asa descriptive statistic. 

Graphing Calculator Onlv 

Forthe acquisition ofcomposite operational skills in the maintenance 

sense,ten effectsizes resulted from studies of graphing calculator use. Figure8 

contains the analysissummary ofthese values. After the removal ofan outlier, a 

homogeneous(Ht= 15.06 < Zs - 15.51)set of effects remained. The mean 

effect was 0.1825. Since the 95% confidence interval(0.0408,0.3243)does not 

contain zero,this value is statistically significant. The fail-safe N value was N = 

3. The null results ofthree studies would negatively affect the mean effect size. 
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Stage 1; Composite Operational EffectSizes 

-0.3672° -0.1651 0.3149 0.8294 
-0.3080 0.2743 0.3397 
-0.3070 0.2994 0.4549 

HJ = ^5.06< Ze = 15.51 
Homogeneous 

9w~ 525 
(0.0408,0.3243)* 

N =3 

0:outlier,*: significantly differentfrom zero 

Figure 8. Analysis Summary:Achievement in Acquiring Composite Operational 
Skills-Maintenance Effect Sizes-Graphing Calculators 

Composite Operational Skills-Extension Results 

All Calculator Tvpes 

Twenty-seven effect sizes regarding the acquisition ofcomposite 

operational skills were integrated by the first stage ofanalysis. The box-and-

whisker plot in Figure 9displays the spread ofthe data. A clustering of values 

exists at the lower end ofthe box. An outlier,-0.5223, lies to the left ofthe lower 

fence resulting in its removal before the testfor homogeneity was conducted. 

The test indicated the set of effects was heterogeneous(Ht =80.38 > xL = 

37.65). 

The second stage of analysis produced two homogeneoussubsets. 

Grade levels separated according to educational divisions had an influence on 

homogeneity. Only one effect size was generated from a grade in the 

elementary division. Therefore,a separate subsetfor this single effect size was 
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Figure 9. Box-and-Whisker Plot: Achievement in Acquiring Composite 
Operational Skills-Extension Effect Sizes 

not practical. The elementary value and the effectsfrom grades6-8were 

combined into an elementary and middle school educational division. As 

depicted in Figure 10, after the removal ofan outlier, the remaining effectsizes 

were homogeneous(Ht = 12.98 < Zr = 14.07)with a statistically significant 

mean of0.3835. Thefail-safe N wasdetermined to be N = 12. Therefore,the 

null results oftwelve studies could be added to the existing data before the mean 

effectsize would fail the test ofstatistical significance. The remaining subset, 

which contained grades9-12,was homogeneous(Ht=24.92 < z^s ~ 25.00) 

following the removal ofan outlier. The mean effectforthe upper grades, gv^,= 

0.2811,was statistically significant. Thefail-safe N calculation resulted in a value 

of N = 139. Hence, it would take the null results of 139studies to negatively 

affectthe mean effect size. 

Graphing Calculator Onlv 

Twelve graphing calculator effects were available for analysis. They are 

listed atthe top of Figure 11. The set remained heterogeneous(Ht =21.83> 
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Stage 1; Composite Operational EffectSizes 

-0.5223° 0.0599 0.2598 0.3221 0.4044 0.6443 0.8880 
-0.4067 0.1463 0.2852 0.3359 0.4415 0.6976 0.9554 
-0.3868 0.1813 0.2911 0.3478 0.4715 0.7439 1.0747 
0.0248 0.2037 0.3107 0.3980 0.6087 0.8046 

Hj=80.38> X2S =37.65 
Heterogeneous 

Stage 2: Educational Divisions 

-0.4067 0.6087 -0.3868 0.2598 0.3980 0.8880 
0.2037 0.6443 0.0248 0.2852 0.4415 1.0747° 
0.3359 0.8046 0.0599 0.2911 0.4715 
0.3478 0.9554° 0.1463 0.3107 0.6976 
0.4044 0.1813 0.3221 0.7439 

Ht= 12.98 < Z7 = 14.07 Hj=24.92 < zfs =25.00 
Homogeneous Homogeneous 
9\/\i~ 0.3835 gw=0.2811 

(0.2281,0.5389)* (0.2476,0.3146)* 
N = 12 N =139 

o:outlier, »: significantly differentfrom zero 

Figure 10. Analysis Summary:Achievement in Acquiring Composite 
Operational Skills-Extension Effect Sizes 
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Stage 1: Composite Operational EffectSizes 

-0.4067 0.3107 0.4415 0.8046 
0.0248 0.3221 0.4715 0.8880 
0.1813 0.4044 0.7439 1.0747° 

Ht=21.83> 2 =18.31 
Heterogeneous 

Stage 2: Educational Divisions 

K-8Grades 9-12Grades 

-0.4067 0.0248 0.4415 
0.4044 0.1813 0.4715 
0.8046 0.3107 0.7439 

0.3221 0.8880 

Ht= 12.02 < Xl = 14.07 
H-r = 9.81 > xl =5.99 Homogeneous 

Heterogeneous 9w~0.3376 
9w~0.3520 (0.1779,0.4974)* 

i N =9 
0:outlier,*:av significantly differentfrom zero 

Figure 11.Analysis Summary:Achievement in Acquiring Composite Operational 
Skills-Extension Effect Sizes-Graphing Calculators 
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- 18.31)after the removal ofan outlier. Similar to the data for this question 

generated from the use of all types of calculators,the second stage ofanalysis 

revealed homogeneity was affected by grade levels according to educational 

divisions. Three effect sizes were generated from studies involving pre-high 

school students. These values were heterogeneous(Hj=9.81 > zl =5.99) 

with a descriptive mean of0.3520. The remaining eight values were derived 

from studies featuring high school students. The subset was homogeneous 

(Ht = 12.02 < Xi - 14.07)with a significant mean of0.3376. The fail-safe N =9 

revealed the mean would be affected by nine studies with null results, 

a. Whatare the effects ofcalculators on the acquisition of 

computational skills? 

Computational Skills-Maintenance Results 

All Calculator Tvoes 

The acquisition ofcomputational skills in the maintenance sense provided 

37 effect sizes for the first stage of analysis. The graph in Figure 12 describes a 

f-x-* * f -x-

I 1 1 I 1 I 1 I I I I I j 1 1 I I I 1 I I 1 1 I I I 1 I I j 1 I 

-1.5 -1.1 -0,7 -0.3 0.1. 0.5 0.9 1.3 1.7 

Figure 12. Box-and-Whisker Plot: Achievement in Acquiring Computational 
Skills-Maintenance Effect Sizes 
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fairly normal distribution with one outlier. The outlier was removed butthe test 

for homogeneity revealed a heterogeneous set(Ht = 126.60> Z35 =49.80). 

This result led to a second stage ofanalysis in which student ability level was 

discovered to be a moderating variable. The data was partitioned into high, 

mixed,and low ability subsets. The low(Ht =9.03 < Ze -12.59)and mixed 

(Ht =25.36 < zfe ~ 27.14)ability subsets were both homogeneous. As 

displayed in Figure 13,the low ability group had a statistically significant mean of 

0.2978. The fail-safe N calculation resulted in a value of N = 10. Therefore,the 

mean effect size would be negatively affected by null resultsfrom ten additional 

studies. The mixed ability group's mean of0.0838 was not significant since the 

confidence interval(-0.0088,0.1764)containszero. The high ability group was 

heterogeneous(H^ =28.38 > Zs = 16.92)so a third stage of analysis was 

attempted. Unfortunately, statistical analysis was unable to uncover a significant 

relationship between calculator effects with respectto high ability students and a 

study characteristic. The descriptive mean for this subsetwas-0.3067. 

Graphing Calculator Qnlv 

Onlyfour maintenance effect sizes regarding the acquisition of 

computational skills involved the graphing calculator. They are listed in Figure 

14. This small set was homogeneous(Hy =6.15 < Zs = 7.81)in the first phase 

of analysis. The mean effect of-0.2670 was significant since the confidence 

interval(-0.5207,-0.0132)does not contain zero. The fail-safe N value, N =2, 

revealed the mean would be significantly affected by two studies with null results. 



127 

Stage 1: Computational EffectSizes 

-1.3260 -0.7208 -0.1720 -0.0012 0.0969 0.2424 0.5399 
-1.0938 -0.4437 -0.1632 0.0104 0.0989 0.3012 0.5742 
-0.8811 -0.4416 -0.1189 0.0125 0.1213 0.3752 0.5948 
-0.7443 -0.2884 -0.0849 0.0220 0.1470 0.3897 0.8652 
-0.7443 -0.2050 -0.0198 0.0622 0.2242 0.4023 1.6093° 
-0.7424 -0.1974 

Ht= 126.60 > zL=49.80 

Heterogeneous 

Stage 2: Ability Groups 

Low Ability Mixed Ability High Ability 

-0.7443 -0.0849 0.1470 -1.3260 -0.2050 
-1.0938° 0.0969 -0.7424 -0.0198 0.2242 -0.7443 0.0220 
-0.8811 0.4023 -0.1974 0.0104 0.2424 -0.7208 0.0989 
-0.2884 0.5742 -0.1720 0.0125 0.3012 -0.4437 0.3897 
-0.0012 0.5918 -0.1632 0.0622 0.3752 -0.4416 0.5399 

-0.1189 0.1213 0.8652° 

H-r =9.03 < ;!r6= 12.59 HT =25.36<jf6=27.14 
Homogeneous Ht=28.38> Z9= 16.92 

Homogeneous
gw=0.2978 Heterogeneous

9w~ 0.0838(0.0781,0.5176)* Q\i\i~ -0.3067
(-0.0088,0.1764)

N = 10 

0:outlier,*: a« significantly differentfrom zero 

Figure 13.Analysis Summaiy:Achievement in Acquiring Computational 
Skills-Maintenance Effect Sizes 
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Stage 1: Computational EffectSizes 

-0.7443 -0.4416 -0.2050 0.1213 

Ht=6.15< =7.81 
Homogeneous 
gw=-0.2670 

(-0.5207,-0.0132)* 
N =2 

0:outlier.*:a™ significantly differentfrom zero 

Figure 14. Analysis Summary:Achievement in Acquiring Computational Skills 
-Maintenance Effect Sizes-Graphing Calculators 

ComDutational Skills-Extension Results 

All Calculator Types 

The acquisition ofcomputational skills in the sense ofextension provided 

22effectsizesfor analysis. The distribution ofthe data is portrayed in the box-

and-whisker plot in Figure 15. Even after the removal ofan outier,the set was 

heterogeneous(Ht =65.35 > xlo ~ 31.41). Second stage analysis revealed a 

significant relationship between effect size and student ability level. Effectsizes 

generated from studies involving students oflow ability were separated from the 

high and mixed ability values. The subsetwas homogeneous(Ht =8.43 < xl-

12.59)with a significant mean effect of0.5139. While this mean value wasfairly 

large,the fail-safe N calculation of N =8 meantthe value would be negatively 

affected by eight studies with null results. Based on statistical evaluation and a 

small number ofvalues, creating a subsetforthe high ability effect sizes was not 
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Figure 15. Box-and-Whisker Plot: Achievement in Acquiring Computational 
Skills-Extension Effect Sizes 

practical. Therefore,as displayed in Figure 16,the testfor homogeneity was 

administered to a subset of mixed ability effects which included afew high ability 

values. This subset contained two outliers. After their removal,the subsetwas 

homogeneous(H-r = 16.29 < = 19.68). The mean effect size,0.3210,was 

statistically significant. The fail-safe N of N =20 wasfairly large for this mean 

value. Therefore, it would take the null results oftwenty studies to negatively 

affectthe statistically significant mean generated with the provided data. 

Graphing Calculator Onlv 

Thefour extension effect sizes regarding the acquistion ofcomputational 

skills are listed in Figure 17. In spite ofthe small number of values, 1.7305 

satisfied the definition of outlier and was removed before the test of homogeneity 

was conducted. The remaining three values were homogeneous(Ht =5.57 < 

Z2 = 5.99). Howeverthe mean effect,0.0915,was not statistically significant. 
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Stage 1: Computational EffectSizes 

-0.2973 0.1774 0.4028 0.5350 0.5957 0.6436 1.0413 1.7305° 
-0.0382 0.2342 0.4143 0.5581 0.6094 0.6637 1.1210 
0.0101 0.2862 0.4969 0.5796 0.6239 0.8780 1.3372 

Ht=65.35> =31.41 

Heterogeneous 

Stage 2: Ability Groups 

0.0101 0.6436 

0.4028 0.8780 

0.5796 1.1210 
0.6094 

Ht=8.43 = 12.59 
Homogeneous 

'9w~ 0.5139 
(0.2649,0.7628)* 

N =8 

-0.2973 0.2862 0.5581 1.0413° 
-0.0382 0.4143 0.5957 1.3372° 
0.1774 0.4969 0.6239 

0.2342 0.5350 0.6637 

Ht= 16.29 < Xv = 19.68 
Homogeneous 

9w~0.3210 
(0.1826,0.4594)* 

N =20 

0:outlier significantly differentfrom zero 

Figure 16.Analysis Summary:Achievement in Acquiring Computational Skills 
-Extension Effect Sizes 
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Stage 1; Computational EffectSizes 

-0.2973 0.2862 0.5957 1.7305° 

Ht=5.57'< xl =5.99 
Homogeneous 

9w~0.0915 
(-0.2243,0.4073) 

0:outlier,*: significantly differentfrom zero 

Figure 17. Analysis Summary:Achievement in Acquiring Computational Skills 
-Extension Effect Sizes-Graphing Calculators 

b. Whatare the effects ofcalculators on the acquisition ofconceptual 

skills? 

Conceptual Skills-Maintenance Results 

All Calculator Tvoes 

Forthe acquisition ofconceptual skills, eighteen maintenance effect sizes 

were available for statistical evaluation. The values are listed at the top of Figure 

18. As portrayed in the box-and-whisker plot in Figure 19,two effect sizes were 

plotted to the right ofthe upperfence. The sixteen effect sizes lying within the 

fences were homogeneous(Ht =20.77 < =25.00). The confidence interval 

(-0.0256,0.1379)containszero. Therefore,the mean effect size,0.0562,was 

not statistically significant. 

Graohino Calculator Onlv 

With regards to the graphing calculator,five effectsizes were available to 

address this question in the maintenance sense. The values, listed in Figure 20, 
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Stage 1; Conceptual EffectSizes 

-0.4214 -0.2154 -0.1490 0.1100 0.1916 0.4272 
-0.4135 -0.1956 0.0198 0.1189 0.2309 0.8898° 
-0.3609 -0.1920 0.0236 0.1906 0.3365 0.9066° 

Ht=20.77 < Zw =26.00 
Homogeneous 

9w~ 0.0562 
(-0.0256,0.1379) 

0:outlier,*: significantly differentfrom zero 

Figure 18. Analysis Summary:Achievement in Acquiring Conceptual Skills 
-Maintenance Effect Sizes 

f Ix-
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-1.0 -0.6 -0.2 0.2 0.6 1.0 

Figure 19. Box-and-Whisker Plot: Achievement in Acquiring Conceptual Skills 
-Maintenance Effect Sizes 
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Stage 1: Conceptual EffectSizes 

-0.4214 -0.4135 -0.2154 -0.1920 0.4272 

/Hj= 5.99 < Za =9.49 
Homogeneous 
gw=0.0277 

(-0.2362,0.2915) 

0:outlier,♦ : Qw significantly differentfrom zero 

Figure 20. Analysis Summary:Achievement in Acquiring Conceptual Skills 
-Maintenance Effect Sizes-Graphing Calculators 

were homogeneous(H-r = 5.99 < -9-49). The mean effect size was0.0277. 

However,this value was not significant since zero exists in the confidence 

interval(-0.2362,0.2915). 

Conceptual Skills-Extension Results 

All Calculator Tvpes 

There were nineteen effect sizes regarding the extension aspectofthe 

acquisition of conceptual skills. One effect size was extremely large and quickly 

determined to be an outlier. As Figure 21 reveals,the remaining eighteen effects 

were heterogeneous(Hj=54.92 > Zv -27.59). Thespread ofthe data favored 

the lower halfofthe box. This is graphically represented by Figure 22. Upon 

further analysis,the relationship between effect size and student ability level was 

found to be significant. Since only one effect size was available to representthe 

low ability group,a separate category could not be established. Therefore,this 

value was included with the mixed ability effect sizes. After removal ofan outlier. 
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Stage 1: Conceptuai EffectSizes 

-0.1198 0.1374 0.2859 0.6294 0.8518 
-0.0651 0.2059 0.3041 0.6463 1.3664 
0.0123 0.2315 0.3301 0.7084 2.0341° 
0.0454 0.2627 0.5673 0.7209 

Ht=54.92> x^7 =27.59 
Heterogeneous 

stage 2: Ability Groups 

-0.1198 0.1374 0.3301 0.2859 0.6463 
-0.0651 0.2059 0.6294 0.3041 0.7084 
0.0123 0.2315 0.7209 0.5673 1.3664° 
0.0454 0.2627 0.8518° 

Ht= 16.54 <;!r2 =18.31 Hj=3.44 < Xa =9-49 
Homogeneous Homogeneous 
9w~0.1553 9w~ 0.3809 

(0.0674,0.2432)* (0.2126,0.5492)* 
N =8 N =6 

o:outlier,♦ : a« significantly differentfrom zero 

Figure 21.Analysis Summary;Achievement in Acquiring Conceptual Skills 
-Extension Effect Sizes 

JL 

f f * 
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Figure 22. Box-and-Whisker Plot: Achievement in Acquiring Conceptual Skills 
-Extension Effect Sizes 



135 

the subset was homogeneous(H-r = 16.54 < z^o = 18.31)with a statistically 

significant mean of0.1553. Since the fail-safe N =8,this value would be drawn 

out ofsignificance by the inclusion of null resultsfrom eightstudies. The high 

ability subset also contained an outlier. Once it was removed,the data was 

homogeneous(Hy =3.44 < Za =9-49)and the a statistically significant mean 

effect size,0.3809,was calculated. Thefail-safe N calculation resulted in a value 

of N =6. Therefore,the null results ofsix studies featuring the calculator's effect 

on students'conceptual skills in the sense ofextension would negatively affect 

the mean effect size. 

Graphing Calculator Onlv 

Eleven ofthe original nineteen effect sizes generated for this research 

question resulted from the use ofgraphing calculators. These values were used 

to determine the effect ofthe graphing calculator on the acquisition ofconceptual 

skills in the sense ofextension. Thesame large effect size satisfying the 

definition of outlier in the above analysis wasan outlier in this smaller set of 

effects. However,once it was removed,the set was homogeneous(Hj= 16.43 

Zs = 16.92)with a statistically significant mean effect of0.4806 and a fail-safe 

N of N =21. This fairly large N value meansthe mean effect size will maintain its 

statistically significant status until the null results oftwenty-one studies have 

been integrated with the existing data. The results ofthe analysis are 

summarized in Figure 23. 
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Stage 1: Conceptual EffectSizes 

-0.0651 0.3041 .0.6463 1.3664 
0.0454 0.5673 0.7084 2.0341° 
0.2059 0.6294 0.7209 

Ht-= 16.43< Z9 = 16.92 
Homogeneous 
9^=0.4806 

(0.2993,0.6620)* 

0:outlier,*: significantly differentfrom zero 
MC 

II 

zFigure 23. Analysis Summary:Achievement in Acquiring Conceptual Skills 
-Extension Effect Sizes-Graphing Calculators 

Research Question#2 

Whatare the effects ofcalculators on the acquisition ofcomposite problem 

solving skills? 

a. Whatare the effects ofcalculators on the acquisition of problem 

solving productivity skills? 

b. Whatare the effects ofcalculators on the acquisition of problem 

solving selectivity skills? 

Composite Problem Solving Skills-Maintenance Results 

All Calculator Tvpes 

Twenty-one effect sizes were available for analysis ofcomposite problem 

solving skills in the maintenance sense. A box-and-whisker plot ofthe 

distribution is displayed in Figure 24. The □ represents an outlier found through 

the calculation of standardized residuals. The details of this method are provided 
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f •)Hf 7; 

-I—I—I—I—I—I—I—I—I—]—I—I—I—r 

-0.2 0.2 0.6 1.0 

□ : outlier by residual method 

Figure 24. Box-and-Whisker Plot: Achievement in Acquiring Problem Solving 
Skills - Maintenance Effect Sizes 

in chapter four. Once the outlier was removed, the remaining set of effects was 

homogeneous {Hj = 26.71 < = 30.14) with a mean of 0.1160. The confidence 

interval, (0.0129, 0.2191), does not contain zero. Therefore, the mean was 

statistically significant. A fail-safe N of N = 11 resulted from the appropriate 

calculations. This number implies the fairly small mean value would be 

statistically insignificant with the addition of null results from eleven similar 

research studies. The results are summarized in Figure 25. 

Graphing Calculator Onlv 

None of the effect sizes for this research question were calculated from 

studies in which students used graphing calculators. Therefore, graphing 

calculator analysis could not be performed. 
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Stage 1; Composite Problem Solving EffectSizes 

-0.8724 -0.3225 -0.0481 0.0962 0.1940 0.2701 0.3877 
-0.7880 -0.2425 0.0123 0.1374 0.1999 0.2886 0.4898 
-0.3551 -0.2286 0.0142 0.1582 0.2433 0.3158 0.7275° 

Ht=26.71 < 7^9 =30.14 
Homogeneous 
gw=0.1160 

(0.0129,0.2191)* 
N = 11 

o:outlier,*; significantly differentfrom zero 

Figure 25. Analysis Summary:Achievement in Acquiring Problem Solving 
Skills-Maintenance Effect Sizes 

Composite Problem Solving Skills-Extension Results 

All Calculator Tvpes 

In the sense ofextension,twenty-nine effect sizes were generated from 

studies of composite problem solving skills. The box-and-whisker plot in Figure 

26 reveals the outlier rerhoved during the initial phase ofanalysis. The remaining 

twenty-eight effect sizes were heterogeneous(H-r = 84.90 > xli-40.11). During 

the second stage of analysis,the moderating variable was determined to be 

student ability level. With the small number of effects resulting from studies of 

high ability students,the creation ofa high ability subset was not worthwhile. 

Therefore,the mixed ability subsetcontained afew high ability effect sizes. The 

subset was heterogeneous(Ht =61.11 > X\b -28.87)and required a third stage 

of analysis. After an outlier was removed,the low ability group was 
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Figure 26. Box-and-Whisker Plot: Achievement in Acquiring Composite 
Problem Solving Skills-Extension Effect Sizes 

homogeneous(H^ = 13.91 < z? = 14.07). However,the mean effect,-0.1367, 

was not significant. 

A significant relationship between effect size and the educational divisions 

of grade levels wasfound through the third stage of analysis. The values were 

divided into two categories,one containing effect sizesfrom the elementary 

division and the other containing the effectsizesfrom middle and high school 

divisions. As revealed in Figure 27,the elementary subset was heterogeneous 

(Hj=24.57> Ze ~ 12.59). Further analysis was attempted, butevidence did not 

exist of a relationship between elementary effect sizes and another independent 

variable. The mean effect of0.1020 is provided asa descriptive statistic. The 

subset containing middle and high school grades was homogeneous(Ht = 12.51 

^ Zio - 18.31)after the removal of an outlier. The confidence interval,(0.0717, 

0.3214), proves the mean effect of0.1965 was statistically significant. The fail 

safe N calculation was conducted and resulted in a value of N = 10. Therefore, 
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Stage 1: Composite Problem Solving EffectSizes 

-0.9622 -0.0773 0.1059 0.3527 0.6482 0.9433 
-0.8548 -0.0440 0.1430 0.3583 0.6769 0.9732 
-0.6017 -0.0130 0.1453 0.3637 0.7293 1.1795 
-0.5136 0.0329 0.2290 0.4241 0.8363 1.8421° 
-0.4814 0.1026 0.2846 0.6481 0.9138 

Ht=84.90 > =40.11 
Heterogeneous 

/ 

Stage 2: Ability Groups 

Low Ability Mixed Ability 

-0.9622 0.2290 -0.8548 0.1026 0.3637 0.8363 
-0.6017 0.3527 -0.5136 0.1430 0.4241 0.9138 
-0.4814 0.7293 -0.0773 0.1453 0.6481 0.9433 
-0.0130 1.1795° , -0.0440 0.2846 0.6482 0.9732 

0.1059 0.0329 0.3583 0.6769 

Ht= 13.91 < Xi = 14.07 
Homogeneous Ht=61.11 > =28.87 
gw=-0.1367 Heterogeneous 

(-0.3799,0.1066) 

Stage 3: Average and High Abilities Group-Educational Institution Levels 

K-5Grades 6-12Grades 

-0.8548 0.8363 -0.0773 0.1430 0.4241 
-0.5136 0.9138 -0.0440 0.1453 0.6481 
0.2846 0.9433 0.0329 0.3583 0.6769 

0.6482 0.1026 0.3637 0.9732° 

HT = 12.51<;^fo = 18.31 
Ht=24.57> = 12.59 Homogeneous 

Heterogeneous 0.1965 
gw=0.1020 (0.0717,0.3214)* 

N =10 

0:outlier, »: significantly differentfrom zero 

Figure 27:Analysis Summary:Achievement in Acquiring Composite 
Problem Solving Skills-Extension Effect Sizes 
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the addition of null results from ten studies would negatively affectthe mean 

effect size. 

Graphing Calculator Onlv 

Only one effect size wasgenerated from an extension-based, graphing 

calculator study. Therefore,graphing calculator effects on composite problem 

solving skills could not be determined through meta-analysis. 

a. Whatare the effects ofcalculators on the acquisition of problem 

solving productivity skills? 

Problem Solving Productivity Skills-Maintenance Results 

All Calculator Tvpes& Graphing Calculator Onlv 

This question could not be addressed in the maintenance sense,since no 

effect sizes were available for analysis. 

Problem Solving Productivitv Skills-Extension Results 

All Calculator Tvpes 

Problem solving productivity skills in the sense ofextension were 

represented by three effect sizes. They are listed atthe top of Figure 28. With 

such a small number of values,a box-and-whisker plot was not produced. The 

setwas homogeneous(Ht = 1.42 < = 5.99)with a statistically significant 

mean effect of0.2339. The fail-safe N calculation was conducted and resulted in 

a value of N =4. Hence,four studies with null results would alter the statistically 

significant mean and result in the generation ofan insignificant value. 
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Stage 1; Problem Solving Productivity Effect Sizes 

0.1939 0.2729 0.3554 

My = 1.42 <j2^=5.99 
Homogeneous 
gw=0.2339 

(0.1373,0.3305)* 
N =4 

0:outlier, » : significantly differentfrom zero 

Figure 28.Analysis Summary:Achievement in Acquiring Problem Solving 
Productivity Skills-Extension Effect Sizes 

Graphing Calculator Onlv 

All three values available for this question were generated from studies 

which involved basic and scientific calculators. Therefore,graphing calculator 

analysis could not be conducted. 

b. Whatare the effects ofcalculators on the acquisition of problem 

solving selectivity skills? 

Problem Solving Selectivity Skills-Maintenance Results 

All Calculator Tvoes 

Figure 29 contains the seven effect sizes regarding the acquisition of 

problem solving selectivity skills in the maintenance sense. One outlier was 

found with the Hedges and OIkin(1985)standardized residual method. It is 

represented by the □ in Figure 30. After this outlier was removed, the set was 

homogeneous (My = 3.42 < xl ~ 11-07). Based on the confidence interval 

(-0.0507, 0.2114), the mean effect size, 0.0803, was not statistically significant. 
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Stage 1: Problem Solving Selectivity EffectSizes 

-0.4554 -0.1369 0.2902 0.6522° 
-0.2261 0.0705 0.1872 

Ht=3.42<j|= 11.07 
Homogeneous 

0.0803 

(-0.0507,0.2114) 

0:outlier significantly differentfrom zero 

Figure 29. Analysis Summary:Achievement in Acquiring Problem Solving 
Selectivity Skills-Maintenance Effect Sizes 

f * □ f 

I I I I I I I I I I I—I—I—I—I—1—I—I—I—I—r' 
-0.8 -0.4 0.0 0.4 0.8 

O ; outlier by residual method 

Figure 30. Box-and-Whisker Plot: Achievement in Acquiring Problem Solving 
Selectivity Skills - Maintenance Effect Sizes 
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Graphing Calculator Only 

No graphing calculator effect sizes were available regarding this question. 

Therefore,a statistical evaluation could not be performed. 

Problem Solving Selectivity Skills-Extension Results 

All Calculator Types ^ 

Thefourteen effect sizes used to analyze the relationship between 

problem solving selectivity skills and calculators are listed atthe top of Figure 31. 

The data is graphically displayed in Figure 32. The set was homogeneous 

{Hj=9.30 < z^3 = 22.36)during the first phase ofanalysis. The confidence 

interval(0.0426,0.3257)does not contain zero. Therefore,the mean effect size 

of0.1841 was statistically significant. Thefail-safe N for this data was N =4. 

With the inclusion of null resultsfrom four studies,the statistically significant 

mean effect size would be converted to an insignificant value. 

Stage 1: Problem Solving Selectivity EffectSizes 

-0.2876 -0.1546 -0.0796 0.1565 0.2838 0.3904 0.5877 
-0.2290 -0.0911 0.0780 0.2046 0.2952 0.4581 0.6527 

Hj=9.30 < Zn =22.36 
Homogeneous 
gw=0.1841 

(0.0426,0.3257)* 
N =4 

0:outlier significantly differentfrom zero 

Figure 31.Analysis Summary:Achievement in Acquiring Problem Solving 
Selectivity Skills-Extension Effect Sizes 
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Figure 32. Box-and-Whisker Plot: Achievement in Acquiring Problem Solving 
Selectivity Skills-Extension Effect Sizes 

Graphing Calculator Onlv 

Onlytwo effect sizes were available for statistical analysis with regard to 

the graphing calculator perspective. Therefore, analysis was not attempted. 

Research Question #3 

Whatare the effects ofcalculators on the retention ofoperational skills? 

Operational Skills-Maintenance Results 

All Calculator Tvpes 

Four effect sizes were available to evaluate the retention of operational skills in 

the maintenance sense. They are listed atthe top of Figure 33. Due to the size 

ofthis data set,a box-and-whisker plot was not created. The first stage of 

analysis revealed the set was homogeneous(Ht =0.11 < =7.81). The mean 

effect size of-0.1381 was not statistically significant since the confidence interval 

(-0.3902,0.1139)containszero. 
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Stage 1: Operational EffectSizes 

-0.2297 -0.1446 -0.1376 -0.0973 

Ht=0.11<;r3'= 7.81 
Homogeneous 
Qw—0.1381 

(-0.3902,0.1139) 

0:outlier,*: significantly differentfrom zero 

Figure 33.Analysis Summary:Achievement in Retaining Operational 
Skills-Maintenance Effect Sizes 

Graphing Calculator Only 

Due to a lack of sufficient data,the effect ofthe graphing calculator on the 

retention of operational skills in the maintenance sense could not be evaluated 

through meta-analysis. 

Operational Skills-Extension Results 

All Calculator Types 

The relationship between calculators and the retention of operational skills 

was represented by five effect sizes. They are listed atthe top of Figure 34. A 

box-and-whisker plot was unnecessaryfor this small set ofeffects. None ofthe 

effect sizes satisfied the definition of outlier. The testfor homogeneity revealed 

the data to be heterogeneous(Ht =27.63> xl ~ 9-49). No moderating variable 

to explain the heterogeneity could befound. The mean effect of0.3881 is 

provided as a descriptive statistic. 
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Stage 1: Operational EffectSizes 

-0.4035 0.2959 0.5245 0.8194 1.3153 

Ht=27.63> zl=9-49 
Heterogeneous 

9w~ 0.3881 

0:outlier,*: significantly differentfrom zero 

Figure 34.Analysis Summary:Achievement in Retaining Operational Skills-
Extension Effect Sizes 

Graphing Calculator Only 

Two effectsizes were available to address this research question from the 

graphing calculator perspective. Therefore,graphing calculator effects on the 

retention of operational skills in the sense ofextension could not be statistically 

analyzed. 

Research Question#4 

Whatare the effects ofcalculators on the retention of problem solving 

skills? 

Problem Solving Skills-Maintenance Results 

All Calculator Types& Graphing Calculator Onlv 

No effect sizes regarding the retention of problem solving skills were 

available for analysis. Therefore,the maintenance aspect ofthis research 

question could not be evaluated. 
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Problem Solving Skills-Extension Results 

All Calculator Types 

Four effectsizes participated in the analysis of problem solving skill 

retention. They are listed in Figure 35. No outliers existed in this small data set. 

A box-and-whisker plot was not generated for this small set of values. The test 

for homogeneity revealed the setwas heterogeneous(Ht = 33.99 > zi= 5.99). 

Further analysis was unable to locate moderating variables to explain the 

heterogeneity. The mean,-0.0583, is provided as a descriptive statistic. 

Graphing Calculator Onlv 

Due to insufficient data,the effect ofthe graphing calculator on the 

retention of problem solving skills in the sense ofextension could not be 

evaluated. 

Stage 1: Problem Solving EffectSizes 

-1.2295 0.2460 0.3195 0.6863 

Ht=33.99> Zs =5.99 
Heterogeneous 
Qw—0.0583 

0:outlier,*: significantly differentfrom zero 

Figure 35. Analysis Summary:Achievement in Retaining Problem Solving 
Skills-Extension Effect Sizes 
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Research Question #5 

Whatare the effects ofcalculators on the transfer ofoperational skills? 

Operational Skills-Maintenance Results 

All Calculator Types 

None ofthe studies provided data regarding the transfer ofoperational 

skills. Therefore,the maintenance aspect ofthis question could not be analyzed. 

Operational Skills-Extension Results 

All Calculator Types 

Only two effect sizes were available regarding the transfer ofcomposite 

operational skills in the sense ofextension. Asa result, statistical analysis was 

not attempted. 

Research Question #6 

Whatare the effects ofcalculators on the transfer of problem solving 

skills? 

Problem Solving Skills-Maintenance Results 

All Calculator Types 

Since transfer of problem solving skills was not represented through the 

effect size medium,statistical analysis could not be conducted. 
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Problem Solving Skills-Extension Results 

All Calculator Types 

Only one effect size was generated from a study ofthe transfer of problem 

solving skills. Thus, meta-analysis could not be performed on the extension 

aspect ofthis research question. 

Research Question #7 

Whatare the effects ofcalculators on students'estimation skiiis? 

Due to insufficient data, no effect sizes related to this question could be 

addressed. 

Research Question#8 

Whatare the effects ofcalculators on students'attitude toward 

mathematics? 

All Calculator Types 

Twenty-three values addressed the effects ofcalculators on students' 

attitude toward mathematics. The box-and-whisker plot in Figure 36 displays the 

data. The set contained no outliers. During the initial stage ofanalysis,the set 

was heterogeneous(Hj=74.54> -33.92). Asa result,a second stage of 

analysis wasconducted. A significant relationship between calculator effect 

sizes and educational divisions was determined. The effects were partitioned 

into two subsets. As displayed in Figure 37,one subsetcontained the 
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Figure 36: Box-and-Whisker Plot: Attitude Toward Mathematics 

elementary and middle school divisions while the other subset contained the high 

school division. Two outliers were removed from the elementary and middle 

school subset. The remaining effect sizes were homogeneous(Ht = 18.81 < 

z^2 ~ 21.03)with a mean value of0.0481. The high school division was also 

found to be homogeneous(Ht = 12.29 < xl = 12.59)after the removal ofone 

outlier. The mean effectfor this group was0.1052. Neither mean value was 

statistically significant since each ofthe corresponding confidence intervals 

contain zero. 

Graohino Calculator Onlv 

Seven effect sizes were generated from studies emphasizing the use of 

the graphing calculator. These are listed in Figure 38. The box-and-whisker plot 

in Figure 39 portrays the spread ofthe data. The set was homogeneous 

(Hj= 10.66 < xl- 12.59)with a statistically significant mean effect size of 

0.3821. The fail-safe N was determined to be N =8. Therefore,the null results 

of eight additional studies would result in a non-significant mean effect size. 
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Stage 1; Attitude Toward Mathematics EffectSizes 

-0.7940 -0.1945 -0.0256 0.2874 0.4119 0.5698 
-0.4216 -0.1834 0.0296 0.3216 0.4882 0.6497 
-0.3657 -0.0965 0.0732 0.3539 0.5028 • 0.9727 
-0.3114 -0.0447 0.2403 0.4023 0.5074 

Hj=74.54> zL=33.92 
Heterogeneous 

Stage 2: Educational Divisions 

K-8Grades 9-12Grades 

-0.7940° -0.0447 0.2874 0.5028 -0.4216 0.4023 
-0.3657 -0.0256 0.3216 0.5074 -0.3114 0.4882 
-0.1945 0.0296 0.3539 0.9727° -0.1834 0.5698 
-0.0965 0.2403 0.4119 0.0732 0.6497° 

Ht= 18.81 < ;!ff2 =21.03 Ht= 12.29 < ze = 12.59 
Homogeneous Homogeneous 
g^=0.0481 9w~ 0.1052 

(-0.0399,0.1362) (-0.0588,0.2691) 

0:outlier,*: aw significantly differentfrom zero 

Figure 37:Analysis Summary:Attitude Toward Mathematics 
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Stage 1: Attitude Toward Mathematics EffectSizes 

-0.4216 -0.3114 0.3216 0.4023 0.4882 0.5698 0.6497 

Ht= 10.66 < Ze = 12.59 
Homogeneous 
gw=0.3821 

(0.2049,0.5993)* 
N =8 

0:outlier,*: significantly differentfrom zero 

Figure 38.Analysis Summary:Attitude Toward Mathematics-Graphing 
Calculator Effect Sizes ̂ 
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Figure 39. Box-and-Whisker Plot: Attitude Toward Mathematics-Graphing 
Calculator Effect Sizes 
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Research Question#9 

Whatare the effects ofcalculators on students'attitude toward the use of 

the calculator in mathematics? 

Six values were available to evaluate the relationship between calculator 

effects and students'attitude toward the use of calculators in mathematics. They 

are listed in Figure 40. Asthe box-and-whisker plot in Figure 41 reveals,the 

data contained no outliers. The small setwasfound to be heterogeneous 

(Ht =28.86 > 2:5 = 11.07). In spite ofthorough analysis, no significant 

relationship between effect sizes and independent variables could befound. 

Therefore,the mean effect of-0.0784 is presented as a descriptive statistic. 

Research Question #10 

Whatare the effects ofcalculators on students'anxiety toward 

mathematics? 

Only two effect sizes were available regarding students'anxiety toward 

mathematics. Therefore,statistical analysis was not attempted. 
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Stage 1: Attitude Toward Use ofCalculators In Mathematics EffectSizes 

-0.7924 -0.4385 -0.4030 -0.3718 0.0388 0.7207 

Ht=28.86 > = 11.07 
Heterogeneous 
gw=-0.0784 

0:outlier,♦ : significantly differentfrom zero 

Figure 40.Analysis Summary:Attitude Toward Use of Calculators in 
Mathematics 
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Figure 41. Box-and-Whisker Plot: Attitude Toward Use of Calculators in 
Mathematics 
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Research Question #11 

Whatare the effects ofcalculators on students'self-concept in 

mathematics? 

Six effect sizes addressed the relationship between self-concept in 

mathematics and calculator use. They are listed in Figure 42. In spite ofthe 

small size ofthis data set, one value was significantly larger than the others and 

satisfied the definition of outlier. This is portrayed in the box-and-whisker plot in 

Figure 43. After the removal ofthe outlier, the test for homogeneity was 

conducted. The data was homogeneous(Ht =4.33 < xl =9-49)with a non 

significant mean effect of0.0473. 

Research Question #12 

Whatare the effects ofcalculators on students'motivation to learn 

mathematics? 

Data collection yielded two effect sizesfor this research question. 

Because there was notenough data for meta-analysis calculations,the question 

could not be addressed. 
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stage 1: Self-Concept in Mathematics EffectSizes 

-0.3582 -0.1546 0.0440 0.2214 0.3070 1.7462° 

Hj=4.33< xl=9-49 
Homogeneous 

9w~0.0473 
(-0.0580,0.1526) 

o:outlier,*: significantly differentfrom zero 

Figure 42.Analysis Summary:Self-Concept in Mathematics 

f* 

1 I 1 I I 1 j I i I I I I 1 I 1 I 1 I I I 1 1 I I j 1 I I 1 1 I I I 

-1.5 -1.1 -0.7 -0.3 0.1 0.5 0.9 1.3 1.7 

Figure 43. Box-and-Whisker Plot: Self-Concept in Mathematics 
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Research Question #13 

Whatare the effects ofcalculators on students'attitude toward 

mathematics teachers? 

One effect size was generated from a study which assessed the effect of 

calculators on students'attitude toward mathematics teachers. Therefore, 

statistical analysis could not be conducted. 

Research Question #14 

Whatare the effects ofcalculators on howstudents perceive the value of 

mathematics In society? 

Three studies generated effect sizesfor this research question. The 

values are listed in Figure 44. Due to the small size ofthis set,a box-and-

whisker plot was not produced. The setwas homogeneous(Ht = 1.68 < 

xl =5.99)with a non-significant mean effect of-0.0372. 

stage 1: Value of Mathematics asa Subject EffectSizes 

-0.1157 -0.0871 0.3470 

H-r = 1.68 < ;{r| =5.99 
Homogeneous 
Qw—0.0372 

(-0.2678,0.1935) 

0:outlier,*: significantly differentfrom zero 

Figure 44.Analysis Summary:Value of Mathematics asa Subject 
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Thefourteen previous research questions were evaluated with inferential 

statistics methods. The remaining research questions contain confounding 

variables that are not conducive to the same type ofevaluation. Descriptive 

remarks based on observational analysis ofthe data will be provided. 

Research Question #15 

Are the effects ofcalculators on achievementand attitude differentfor male 

and femalestudents? 

Five studies(see Appendix D)investigated gender-related differences of 

the calculator's effect on achievement and attitude. A vote-counting method was 

used to gather data. Three studies reported results favoring males and the other 

two studies reported results favoring females. In totality, these studies revealed 

the effects ofcalculators on achievementand attitude were slightly betterfor 

malesthan females. However,significant differences between males and 

females could not be determined with this descriptive technique evaluating such 

a small number ofstudies. 

Research Question #16 

Whatare the effects ofcalculators on achievementand attitude when 

special calculator curricula are Involved? 

Seventeen effect sizes resulted from calculator use with special curriculum 

materials. They were separated into five categories. The effectsizes and their 
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corresponding means are listed in Figure 45. All categories contained a small 

number of effects. The composite problem solving skills category included seven 

effect sizes with the largest mean value of0.7107. Only one effect size was 

available to representthe composite operational skills category. The smallest 

mean effect, 0.0011, belonged to computational skills in the sense ofextension. 

Since this value was based on only two effect sizes,the mean has only minor 

influence on the evaluation ofthe resultsfrom this research question. The 

computational skills category, in the maintenance sense,was only slightly larger 

with three effect sizes. However,the mean ofthe data,0.2659,was quite large. 

Attitude toward mathematics was represented byfour effect sizes with a mean of 

0.3122. The mean valuesfor all categories were fairly large with the exception of 

0.0011. For this observational analysis,composite problem solving skills in the 

sense ofextension represented by the largest value,0.7107,wasthe most 

significant finding. 

Summary and Discussion 

The"Presentation of Findings"described above contains a detailed 

explanation ofthe procedures used in analysis and the outcomesfor each ofthe 

sixteen research questions outlined in chapter one. A summary offindings will 

now be presented in anticipation of drawing conclusionsfrom the data. 

The first six research questionsfeatured calculator effects on achievement 

in basic operational skills and problem solving skills. In particular,the discussion 
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EffectSizes Resultingfrom Special Curriculum Materlais 

Category Effect Sizes Mean Effect 

Composite Operational Skills-
1.0065 

Extension 

Computational Skills-Extension -0.0279 0.1474 0.0011 

Computational Skills- -0.0468 0.9864 
0.2659

Maintenance 0.1594 

-0.3483 1.0820 
Composite Problem Solving Skills 0.0250 1.0916 

0.7107 
-Extension 0.1795 1.5208 

0.2561 

0.0404 0.3635
Attitude Toward Mathematics 0.3122 

0.3238 0.4246 

Figure 45.Analysis Summary:Achievement in Skills Acquisition and Attitude 
Toward Mathematics-Effects with Special Curriculum Materials 
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ofthese questions describes results related to the acquisition, retention,and 

transfer ofskills. Summaries ofthe findingsfrom these six research questions 

are presented in Figures46— 48. Figures46 and 47 refer to all calculator types. 

Figure48summarizesthe effects ofgraphing calculators. Statistically significant 

mean effect sizes are labeled with superscripts. Values without stars are not 

significant since their confidence intervals contain zero. Mean effects resulting 

from heterogeneous data are descriptive statistics. Therefore, inferential 

explanations cannot be provided. The effects are identified with "+"superscripts. 

Acquisition of Skills 

RQ1 and RQ2analyzed the acquisition of basic operational and problem 

solving skills. These questions considered calculator effects in terms of 

maintenance and extension. 

1. Maintenance Effects-All Calculator Tvoes 

For composite operational skills,two significant effects were discovered. 

In particular, low ability students and mixed ability students in grades 9-12 

generated positive mean effect sizes. Therefore,the basic skills ofstudents in 

these groups improved as a result of calculator treatment. The results for high 

school, mixed ability students were most resistant to the inclusion ofstudies with 

null results since the fail-safe N value was N =8. The low ability results could be 

more easily influenced with only three studies necessary to alter the statistical 

significance ofthe mean effect size. High ability studentsfrom all grade levels 
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Mean EffectSizes Regarding Basic Operational Skills 

Acquisition of Operational Skills 
Skill Type 

Maintenance Extension 

Ability Level 
Low: 0.2973* 

High: -0.2333 
Composite Educational DivisionsMixed: (three values below)
Operational 

Educational Divisions K-8: 0.3835*
Skills 

K-5: 0.0699 9-12: 0.2811* 

6-8: 0.3852^ 
9-12: 0.0790* 

Ability Level Ability Level 

Computation Low: 0.2978* Low: 0.5139* 
Skills Mixed: 0.0838 Mixed: 0.3210* 

High: ^0.3067^ 

Ability Level 
Conceptual 

0.0562 Mixed; 0.1553*Skills 
High: 0.3809* 

Retention of Operational Skills Transfer ofOperational Skills 
Skill Type 

Maintenance Extension Maintenance Extension 

Composite 
Operational -0.1381 0.388r --

Skills 

*: mean effect significantly differentfrom zero,+:descriptive statistic 

Figure 46.Summary:Achievement Effects Regarding Acquisition, Retention, 
and Transfer of Basic Operational Skills 
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Mean EffectSizes Regarding Problem Solving Skills 

Acquisition ofProblem Solving Skills 
Skill Type 

Maintenance Extension 

Ability Level 

Composite Low: -0.1367 

Problem Mixed: (two values below)
0.1160*

Solving 
Educational Divisions 

Skills 
K-5: 0.1020"" 
6-12: 0.1965* 

Productivity 
0.2339*

Skills 
-

Selectivity 
0.0803 0.1841*

Skills 

Retention ofProblem Solving Transfer ofProblem Solving 
Skill Type Skills Skills 

Maintenance Extension Maintenance Extension 

Composite 
Problem 

-0.0583* -

Solving 
-

-

Skills 

*: mean effect significantly differentfrom zero.+:descriptive statistic 

Figure 47.Summary:Achievement Effects Regarding Acquisition, Retention, 
and Transfer of Problem Solving Skills 
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Mean Effect Sizes Regarding Basic Operational Skills 

Acquisition ofOperational Skills 
Skill Type 

Maintenance Extension 

Composite Educational Divisions 
Operational 0.1825* K-8: 0.3520* 

Skills 
9-12: 0.3376* 

Computation 
-0.2670* 0.0915 

Skills 

Conceptual 
0.0277 0.4806* 

Skills 

*:mean effect significantly differentfrom zero,+:descriptive statistic 

Figure 48.Summary:Achievement Effects Regarding Acquisition of Basic 
Operational Skills-Graphing Calculators 

and mixed ability students in grades K-5 generated non-significant mean effect 

sizes. Thus,the basic skills ofthe calculator groups were statistically similar to 

the basic skills oftheir control group counterparts. The mixed ability students in 

grades6-8 produced a positive mean effect size,0.3852, butthe value was 

descriptive and was not proved significantthrough inferential statistics. 

With respectto computational skills, only one significant effect was 

generated. The mean effect size for the low ability group was 0.2978. 

Therefore,low ability students realized improvement in their paper-and-pencil 

skills asa result of participating in calculator treatment. With N = 10,this mean 

effect size wasfairly resistant to the addition ofstudies with null results. The 

mixed ability group generated a positive but non-significant effect. Hence,it can 



166 

be assumed there were no differences In the paper-and-pencll skills of calculator 

and non-calculator students in mixed ability classrooms. A descriptive statistic 

was calculated for students of high ability. The value was negative which leads 

to the possibility calculator use inhibited the growth of paper-and-pencil skills in 

high ability students. 

For conceptual skills, a non-significant mean effect of0.0562 was 

produced for all ability levels and educational divisions. Therefore,the calculator 

neither helped nor hindered students'development ofskills necessary to 

understand mathematical concepts. 

Effects regarding the acquisition ofcomposite problem solving skills were 

quite differentfrom the results for operational skills described above. A 

significant mean effect of0.1160 was produced for all ability levels and 

educational divisions. Therefore,the paper-and-pencil problem solving skills of 

students using calculators significantly improved from treatment. Since the 

inclusion ofeleven studies with null results would be required to draw the mean 

value out ofsignificance, this data wasfairly resistantto the file drawer problem. 

There are no problem solving productivity results to discuss since the studies did 

not provide sufficient data for statistical analysis. Problem solving selectivity 

skills were represented by a non-significant mean effect of0.0803. Therefore, no 

significant differences existed between treatment and control groups with regard 

to the selection of appropriate processesfor problem solving. 
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These results are similarto those reported by Hembree(1984)with two 

notable exceptions. Hembree was unable to provide significant effects with 

regard to students in low ability groups. The current meta-analysis reported 

significant positive effects for students oflow ability in composite operational and 

computational skills. Therefore,a trend may be developing in which low ability 

students benefitfrom calculator use in the acquisition of basic skills. Hembree 

(1984)reported mixed results for students with respectto the acquisition of 

problem solving skills. In particular, students in mixed ability classes realized 

improvement in paper-and-pencil problem solving skills, while students of high or 

low ability were neither helped nor hindered. The currentstudy revealed 

improved paper-and-pencil problem solving skills for students of all ability levels. 

2. Maintenance Effects-Graohina Calculator Onlv 

When the graphing calculator wasthe only treatment device under 

analysis,two significant effects were produced. The mean effect size for 

composite operational skills was 0.1825. This value revealed significant 

improvement in the basic skills ofstudents using the calculator as compared to 

their non-calculator counterparts. However,the small fail-safe N value meantthe 

significant mean effect could become non-significant with the addition of null 

resultsfrom three studies. The mean effect size for computational skills was 

-0.2670. Therefore,there is evidence that the graphing calculator had a negative 

influence on students'computational skills. With a fail-safe N value oftwo,this 

effect could easily be drawn out ofsignificance with null resultsfrom two studies. 
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A non-significant effect was generated for conceptual skills acquisition. 

Therefore,the graphing calculator had no effect on the skills necessary for 

conceptual understanding of mathematics. 

3. Extension Effects-All Calculator Types 

While it was necessary to group the data according to educational 

divisions to generate statistically significant results,the basic skills ofstudents in 

all divisions were improved when the calculator wasan integral part oftesting. 

This wastrue for computational and conceptual skills as well, although the 

method of partitioning the data was slightly different. The values were grouped 

according to student ability level. Students of all ability levels engaged in 

calculator treatment produced higher test scoresthan their non-calculator 

counterparts. These results confirm that calculator use during testing will 

improve studenttest scores,especially in basic mathematical skills. The fail-safe 

N valuesforthe questions regarding students'basic skills ranged from six to 139. 

With N =6,the results related to the conceptual skills of high ability students 

were most vulnerable to the file drawer problem. It would require 139studies 

with null results to alterthe significance ofthe composite operational results of 

high school students. 

Problem solving results followed a similar positive trend with only one non 

significant effect reported. The effect sizesfrom students oflow ability were 

unable to produce a statistically significant result. Therefore,low ability students 

using calculators performed in the samefashion as low ability students without 
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access to calculators. The problem solving results for classes of mixed and high 

ability students were better. Students in grades6-12 generated a statistically 

significant positive mean effect. Students in grades K-5 also generated a 

positive mean effect, but it was descriptive instead of inferential. Therefore, 

mixed and high ability classes across all grade levels benefited, at least 

moderately,from calculator use with respectto the acquisition of problem solving 

skills. With calculator use,the students realized marked improvement in 

productivity and selectivity skills. When compared with students who did not use 

calculators,students in treatment groups were able to solve more problems and 

make better decisions with regard to selecting methodsfor generating solutions. 

These results lend further credence to Hembree's(1984)study. The problem 

solving results generated lowerfail-safe N values than the basic operational skills 

results mentioned above. In the sense ofextension,the fail-safe N valuesfor 

problem solving skills ranged from four to ten. The composite problem solving 

results were most resistantto the file drawer problem with N = 10. Problem 

solving productivity and selectivity results could be significantly influenced byfour 

studies reporting null results. 

4. Extension Effects-Graphino Calculator Onlv 

All ofthe effects were positive but only half ofthem were statistically 

significant when the graphing calculator was allowed during testing. The basic 

skills of high school students and the conceptual skills of all students 

experienced improvementfrom calculator use. These results were proven with 
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statistically significant mean effect sizes. The results for each ofthese areas 

were generated with data from six studies. Therefore,the fail-safe N values of 

nine and 21 revealed the results to be resistant to the file drawer problem. With 

respect to the basic operational skills of high school students, 1.5 times the 

number ofstudies gathered would be needed to change the significance ofthe 

results. The fail-safe N value for conceptual skills reflects the need for 3.5 times 

as many studies as were used to generate the original data. The mean effect 

size of basic skills for elementary and middle school students was positive, but 

not inferential. While the value was not statistically significant, paper-and-pencil 

skills of all students were represented by a positive mean effect size. Therefore, 

when the graphing calculator was used during testing, students' basic skills and 

conceptual skills realized at least moderate improvement. Students' 

computational skills were neither helped nor hindered by graphing calculator use. 

Only two effect sizes were available for which the graphing calculator was 

involved in the acquisition of problem solving skills. Therefore, no results could 

be reported. 

Retention of Skills 

RQ3and RQ4considered the retention ofoperational and problem solving 

skills. In terms of maintenance,a non-significant mean effect was generated for 

operational skills. Hence,retention posttest scoresfor students involved in 

calculator treatment were no differentfrom scoresfor students not involved in 
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calculator treatment. Only descriptive mean effects were available for the 

retention ofoperational and problem solving skills in terms ofthe extension 

aspect ofthese questions. The mean effectfor operational skills wasa large, 

positive value butthe mean effectfor problem solving skills wasa small, negative 

value. Therefore,students'abilities to retain basic skills may have improved from 

using calculators'during testing. Atthesametime,students'abilities to retain 

problem solving skills were most likely not improved and may have been slightly 

harmed from calculator use during testing. 

These results are different than those reported by Hembree(1984). In the 

sense ofextension, Hembree listed positive results for calculator use with 

regards to operational and problem solving skills. While the current results were 

slightly positive,they were not statistically significant. 

Transfer of Skills 

RQ5and RQ6were designed to analyze calculator effects on the transfer 

of operational and problem solving skills to other mathematical areas. The 

studies integrated by meta-analysis did not produce sufficient data for a 

meaningful evaluation. Therefore,there are no transfer results to report. 

Estimation Skills 

RQ7was established to assess calculator effects on students'estimation 

skills. None ofthe studies integrated by meta-analysis reported data on 

students'estimation abilities. Therefore,statistical analysis was not possible. 
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Student Attitudes 

RQ8through RQ14analyzed calculator effects on different aspects ofthe 

attitude construct. 

1. All Calculator Types 

The results regarding students'attitudes were represented byfour non 

significant effects and one descriptive effect. The mean effect sizes representing 

students'attitudes toward mathematics were not statistically significant. 

Therefore,the calculator had no significant effect on students'attitude toward 

mathematics. The categories ofself-concept in mathematics and value of 

mathematics in society also produced non-significant mean effect sizes. 

Therefore,students' mathematical self-concepts were neither helped nor 

hindered by calculator use. Similarly,students' perceptions aboutthe value of 

mathematics in society were not influenced by calculator use. The descriptive 

effect related to students'attitudes toward the use of calculators in mathematics. 

The mean value of-0.0784 revealed the possibility ofa slightly negative trend in 

this area. While the result was notsupported by inferential statistics, students' 

attitudes may have been slightly negative aboutthe role ofthe calculator in the 

mathematics classroom. 

RQ10,RQ12,and RQ13were not evaluated with the data produced by 

the current meta-analysis. Therefore,students'anxiety toward mathematics, 

motivation to learn mathematics,and attitudes toward mathematics teachers asa 

result of calculator use could not be assessed. The results reported are quite 
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different than those presented by Hembree(1984). Hembree reported a 

statistically significant effects for students'attitude toward mathematics and 

students'self-concept in mathematics. The current study was unable to replicate 

the findings. The current study reported a non-significant mean effect regarding 

students' perceptions ofthe value of mathematics in society. Hembree's(1984) 

study did not contain sufficient data to analyze this attitude sub-construct. 

2. Graphino Calculator Only 

Only one attitude research question yielded significant results with regards 

to the graphing calculator. Students'attitudes toward mathematics were greatly 

improved after using graphing calculators during mathematics instruction. This 

was significantly different than the result generated for all types of calculators. A 

fail-safe N value of8was calculated for this data. Since six studies were 

involved in the data analysis, it would take the null results oftwice as many 

studies to influence the statistical significance ofthis result. 

Descriptively Analyzed Research Questions 

RQ15and RQ16 were addressed with non-inferential methods. There 

were no remarkable differences between calculator effects for male and female 

students. While only descriptive,the mean effects resulting from special 

curriculum materials were all positive and three out offour were fairly large. 

Composite problem solving skills in the sense ofextension achieved the most 

significant improvementfrom calculator use. In particular,students realized 
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higherscores on tests of paper-and-pencil skills after instruction with the 

calculator and special curriculum. Finally, students'attitudes toward 

mathematics benefited from the dual use ofcalculators and special curriculum 

materials. 

Keeping in mind these values were descriptive while the results of most of 

the data from traditional instruction were inferential, the mean effects resulting 

from special calculator instruction were larger than their traditional instruction 

counterparts. Therefore,the combination ofthe calculator and specially created 

curriculum materials had a better effect on studentachievementand attitude than 

the combination ofthe calculator and traditional instruction. 



 

Chapter VI 

Conclusions and Recommendations 

The purpose ofthis study wasto determine the effects ofthe calculator on 

precollege mathematics students. Meta-analysis wasthe method used to 

investigate calculator effects. In particular, a statistical integration ofthe 307 

effect sizes, partitioned according to the research questions, was conducted. 

The conclusions are based on the findings ofthis analysis. Since 53studies 

were gathered as a result ofexhaustive search techniques,the collection was 

considered a representative, probabilisticsample adequatefor meta-analysis. 

Generalizations ofthefindings reported in chapterfive are presented below. 

Conclusions 

1. Students in grades K-12 maintain their paper-and-pencil 

mathematics skills after participation in traditional instruction with calculators. 

This is true for students of all ability levels and applies to all types of calculators. 

2. The basic operational skills, with paper-and-pencil, oflow ability 

students in all grades can improve as a result of calculator use during traditional 

instruction. This is also true for high school classes of mixed ability students. 

3. The combination of calculators and traditional instruction can foster 

development ofthe computational skills of low ability students. 
^ o 
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4. When calculators are used during traditional mathematics 

instruction and calculations are conducted with paper-and-pencil,the problem 

solving skills ofstudents in all grades and all ability levels can improve. 

5. With regard to basic operational skills, the scoresfor tests in which 

calculators are allowed will be higher than paper-and-pencil test scores. This is 

true for all grades and all ability levels. 

6. Middle and high school classes containing mixed ability students 

can experience improvement in problem solving skills when calculators are an 

integral part of instruction and testing. This is also true for middle and high 

school classes containing high ability students. 

7. Calculator use in instruction and testing fosters the development of 

computational skills ofstudents of all ability levels and in all grades. 

8. When calculators are a significant element oflearning and 

evaluation,the skills necessary for understanding mathematical concepts are 

improved through the pairing of calculators and traditional instruction. This is 

true for all grades and all ability levels and applies to all types of calculators. 

9. Students'abilities to select appropriate processes for use during 

problem solving improve when calculators are part of all aspects ofthe learning 

process. This is true for all grades and all ability levels. 

10. Problem solving computations are more accurate as a result ofthe 

calculator being an integral part of mathematics instruction and evaluation. This 

is true for all grades and all ability levels. 
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11. When the graphing calculator is a significant element in all aspects 

of high school mathematics classes,the basic operational skills ofstudents can 

improve. 

12. Students who use graphing calculators during mathematics 

instruction will have better attitudes toward the subjectthan their non-calculator 

counterparts. This is true for all grades and all ability levels. 

13. Curriculum designed specifically for instruction with calculators can 

enhance student achievement in operational and problem solving skills. This is 

especially true when the calculator is a significant element in all aspects ofthe 

learning process,including evaluation. However,further statistical analysis of 

these types ofstudies is necessary before more significant conclusions can be 

reported. 

Recommendationsfor Classroom Usage 

Recommendationsfor calculator use in mathematics classrooms include: 

1. Calculators should be used in all precollege mathematics 

classrooms. Based on the grade distribution ofthe studies in this meta-analysis, 

length ofcalculator availability during instruction should increase with each 

increasing grade level. 

2. Based on the limited research featuring the early grades,calculator 

use should be restricted to experimentation and recreation. In kindergarten 
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through second grade, basic computational skills are thefeatured construct in 

mathematics instruction and calculator use is unnecessary. 

3. Calculators should be used during instruction of problem solving 

skills in middle and high school(i.e. grades six through twelve)mathematics 

courses. This may result in increased success with word problems as well as 

more positive attitudes toward mathematics, in general,and word problems in 

particular. 

4. Calculators should be available during evaluations of middle and 

high school students' problem solving skills and their understanding of 

mathematical concepts. This recommendation is based on the following: 

a. The overwhelming results reported in the current meta-analysis. 

b. Thefact-based opinions ofother reviewers and educational experts 

regarding the inconsistencies that occur when tests are given without 

calculators after instruction hastaken place with calculators. These ideas 

were discussed in chapterthree ofthis study. 

5. Teachers should design lessons which integrate calculator-based 

explorations ofword problems and mathematical concepts with regular 

instruction, especially in middle and high school mathematics classrooms. 

6. The NCTM(2000;1989)has outlined suggestionsfor including 

technology in the mathematics curriculum. These suggestions should be 

incorporated in mathematics classrooms at all grade levels. 
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Recommendationsfor Future Research 

Recommendationsforfuture research include: 

1. While nearly halfofthe studiesfeatured the graphing calculator,the 

number ofeffectsizes availablefrom those studies was relatively small. 

Therefore,the graphing calculator aspect ofthis study should be replicated when 

a largersample of research studies is available. 

2. The computer is another technological device advocated by NCTM. 

A study similar to the current meta-analysis should be conducted with computer-

based research. 

3. Only a selectfew studies researched the calculator's role in the 

retention and transfer of operational skills. Since we are becoming a more 

technological society, research should be conducted on retaining skills after 

instruction with calculators. Also,further research is needed regarding the 

transfer ofskills to other mathematical subjects and to areas outside of 

mathematics. 

4. The studies featuring the graphing calculator primarilyfocused on 

the acquisition of basic operational skills. In particular, only one effect size 

represented the relationship between the graphing calculator and student 

achievement in problem solving skills. Therefore,future research should include 

studies ofgraphing calculator use in the development of problem solving skills. 

5. Most ofthe graphing calculator studiesfeatured grades nine 

through twelve. It needs to be determined whether or notthe graphing calculator 
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hasa place In elementary and middle school classrooms. In particular,the 

graphing calculator's role in the elementary and middle school grades should be 

investigated. 

6. Astechnology becomes more prevalent in the classroom and the 

latest NCTM recommendations involving technology are implemented,further 

study is needed in the methods used to prepare teachers to use calculators and 

other technological devices effectively. 

Summary 

This meta-analysis wasan extension ofsimilar work conducted by 

Hembree in 1984 and updated by Hembree and Dessart in 1992. The current 

study agreed with many ofthe results reported in the original meta-analysis 

(Hembree,1984; Hembree& Dessart, 1992). Therefore, it appears thatthe use 

ofcalculators during the lastfifteen years has not hindered student learning in 

the mathematics classroom. In fact,the results reflect thatthe calculator has 

been a positive learning tool for students of various grade and ability levels. The 

currentstudy also reveals several areas ofimprovement since Hembree and 

Dessart's(1992)report. In particular, the operational skills oflow ability students 

and the problem solving skills of all students have improved from calculator use. 

As more calculator-based studies are conducted and the technological 

recommendations ofthe NCTM(2000)are implemented in K-12 classrooms, 

meta-analysis is an appropriate medium for determining ifthis positive trend 
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continues. Based on the work of Hembree(1984)and Dessart(Hembree& 

Dessart, 1992)and the results ofthe current meta-analysis,the calculator has an 

important role to play in the mathematics classroom. Future research should 

include defining the calculator's role and determining the grade and ability levels 

in which the calculator can be most beneficial to precoliege mathematics 

students. 
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Criteria for a Research Design Rating 

A research design rating was tabulated for each study included in the 

meta-analysis. The method outlined here closely resembles the method outlined 

by Hembree(1984). Each study was assessed according to eight criteria: 

problem definition, population description,sampling procedures,error control, 

test instruments,data analysis, conclusions,and evaluation ofthe overall report. 

Forthe appropriate level attained under each criterion,the heirarchical point 

value listed in parentheses was applied to the study's rating. The numerical 

rating was calculated by adding the total number of points obtained from the 

eight categories and dividing by ten. 

1. Statement ofthe problem 

a. Clear hypothesis(3) 

b. No hypothesis but clear research questions(2) 

c. Hypothesis or research questions are confusing (1). 

2. Description ofthe population under study 

a. Thorough description(3) 

b. Partial description(2) 

c. Minimal description(1) 

3. Sampling procedures used 

a. Fully random sample(6) 

b. Existing population with randomized students,teachers,and 

classes(5) 
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c. Existing population with randomized students, but no other 

elements ofa random sample(4) 

d. Existing classes with randomized groupsand teachers, but no other 

elements ofa random sample(3) . . , 

e. Existing classes with randomized groups, but no elements ofa 

random sample(2) 

f. Not random because the sample contains existing classes(1) 

4. Methods used to control for error 

a. Pretest-Posttest Control Group design(PPCG),with analysis of 

covariance(ANCOVA),control for pretest-treatment interaction, 

and low experimenter bias(6) ' 

b. PPCG with ANCOVA,with control for pre-testtreatment interaction, 

and high experimenter bias(5) 

c. PPCG with ANCOVA,without control for interaction pre-test 

treatment interaction(4) 

d. PPCG withoutANCOVA,with control pre-testtreatment interaction, 

and low experimenter bias(3) 

e. PPCG withoutANCOVA,with control for pre-testtreatment 

interaction, and high experimenter bias(2) 

f. PPCG without ANCOVA,without control for pre-testtreatment 

interaction(l) 

5. Test instruments used 
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a. Standardized (3) 

b. Teacher designed with reliability information provided(2) 

0. Teacher designed without reliability information(1) 

6. Methods ofdata analysis 

a. Appropriate methods with full disclosure ofthe results(3) 

b. Appropriate methods but missing data(2) 

c. Inappropriate methods or a large amount of missing data(1) 

7. Researcher's conclusions 

a. Appropriate and related to the hypotheses(3) 

b. Appropriate but unclear or muddled(2) 

c. Inappropriate(1) 

8. Doesthe report allow a reader to critically examine the evidence? 

a. Yes(3) 

b. More or less(2) 

c. No(1) 
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Results of Data Collection-Dependent Variables 
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