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Abstract:

In the next 10 years, United States elementary, middle, and secondary schools will hire 2 million new
teachers to meet rising enrollment demands and replace an aging teaching force. Half of United States
teachers will retire during the same period. Given these projections and the fact that 21% of US
teachers currently have less than a college minor in their principal teaching area, the education of
preservice teachers must become a national priority. The purpose of this study was to determine to
what degree elementary education majors acquire and retain the statistical data analysis content
required for elementary and middle school as defined by the NCTM. A test instrument was developed
and given to four groups of students (n=232) at Montana State University-Bozeman. Two-way
ANOVAs and multiple regressions were done to determine if independent variables (age, gender, level
of high school preparation, number of college math/stat classes taken and enrollment in the Math
Option) influenced achievement in statistical data analysis. The overall conclusion was clear: Whatever
gains are achieved in the content mathematics classes are lost by the end of student teaching.
Consequently, students graduating from the elementary education program do not possess the content
knowledge required to meet current professional standards. Neither age nor gender was determined to
be statistically significant when trying to explain variability in total achievement or achievement in any
of the five subtests. No significant difference in achievement between the students who were enrolled
in the math option and those who were not was found, however discrepancies in the data presented by
students led the researcher to doubt these results. Multiple regression analysis revealed that the set of
independent variables did explain a significant proportion of the variability in achievement. However,
even though the findings are statistically significant (R2=.123) they are of little practical significance.
Recommendations are given for changes in math content and methods courses for elementary
education majors. Test instrument is included.



UNDERSTANDING-OF STATISTICAL DATA ANALYSIS

AMONG ELEMENTARY EDUCATION MAJORS

By .

Cynthia Skillingberg Thomas

A dissertation submitted in partial fulfillment
of the requirements for the degree

of

Doctor of Education

MONTANA STATE UNIV ERSITY - BOZEMAN A
Bozeman, Montana

April 2000




© COPYRIGHT
by
Cynthia Skillingberg Thomas
2000

All Rights Reserved




opV'*
APPROVAL

Of a thesis submitted by
Cynthia Skillingberg Thomas
This dissertation has been read by each member of the dissertation committee and has
been found to be satisfactory regarding content, English usage, format, citations,

bibliographic style, and consistency, and is ready for submission to the College of
Graduate Studies.

Dr. William D. Hall - 0o
(Signature)

Approved for the Department of Education

Dr. Gloria Gregg

Approved for the College of Graduate Studies

Dr. Bruce McLeod '<£JL

(Signature)' Date



iii

STATEMENT OF PERMIS SION TO USE

In presenting this thesis ip partial fulﬁllmént of the requirements for a doctoral.
degree at Montané State University-Bozeman, I agree that the LiBrary shall make it
available to borrowers under rules of the library. _I further agree that copying of this
tﬁesis is allowable only for scholarly purposes, cc;nsistent with "fair use" as prescribed in
the U.S. copyright Law. Requests.for extensive copying or reproduction of this thesis'
should Be referred to University Microfilms International, 300 North Zeeb Road, Ann
Arbor, Michigan 48106, to whom I have granted "the exclusive right to reproduce and
distribute my dissertation in‘ and from mircoform along with the non-exclusive right to .

reproduce and distribute my abstract in any format in whole or in part."

Date _, 5%4%&{/@(9




iv
ACKNOWLEﬁGEMENTS

.I wish to express my gratitudg to 'the members of my committee, Doctors Hall,
Strohmeyer, Simonsen, Noel, and Erickson, who offered their encouragement throughout
the course work and resgarch over the past two and a half years. |

I am deeply‘lindebted to Dr. William Hall and Dx. Eric Strohmeyer who ga\'/é me
countless hours of their time while I was writing. Their expertise and support throughout
this process were invaluable.

Most sincere appreciation goes to my husband, Dévid, without whose love and
support this goal would not have been a reality. Thank-yous also go to my parents,
Howard and June Skillingberg who have always believed that I could achieve what T set

out to do.




TABLE OF CONTENTS
1. DEVELOPMENT OF THE PROBLEM . .. ...,
Introduction . . ...t
Problem . ...
Purpose . ...

NCTM Standards for Data Analysis, Statistics and Probability . . .
Research Questions . .. .................. e
Definition of General and Educational Terms .. ..............
Definition of Statistical Terms . .. ............ .. ... .......

2. REVIEW OF THELITERATURE . ...

Introduction . ...... ... .. i e
Content Knowledge for Teachers . .........................
Importance of Statistical Data Analysis Knowledge ...........

NCTM Standards for Data Analysis, Statistics and Probability . . .
Methods Used inother Studies . . ............ ... ... .......

3. PROCEDURES AND METHODOLOGY ............ ... ...t

Introduction . . . ..ot un i e
Elementary Education Program . . . ........................
Population . .. ..ot e
Sample . .. ..o
Content FOCUS . . ..ot o et e et e e
Course Descriptions « .« v v ettt e e
Independent Variables . ........... .. ... .. .. .. i
Dependent Variables .. ......... ... i
Hypotheses . .. ...t i i i
Instrument ........ e e e e e e e e
Validation . . . ..ot e
Reliability . . . ..o e
ResearchDesign .. ..ot
Data Analysis Strategy . .. ...
AlphaLevel. ... ... e
Limitations . ............... R

11

11
12
14
17
21
25

26




vi

4. DATA ANALYSESAND FINDINGS . ......... ... .. 47
Introduction . ..ot 47

Two Way ANOVA Analyses . ........coviiininnnnnn.. 47
Hypothesis 1.... ... i 47

Hypothesis2 ....... ..o ... 53

Hypothesis 3 . ... ... . i 57

Hypothesis4...... ... ... 62

Hypothésis 5. ... . i 66

Hypothesis6 . ......... ..., e 70

Multiple Regression Analyses . ..........ovvuiininennan.. 76
Hypothesis 7. ....cvo i i e 76

Descriptive Statistics for Short Answer Questions . ............ 81

SUMMATY . . o ettt et e it e et et et aen s 82

5. SUMMARY, IMPLICATIONS, AND RECOMMENDATIONS . ...... 83
Summary ofthe Study . ..................... e 83
ConcluSIONS . . .ot tee 85
Discussion of Independent Variables . .. .................... 90
AgeandGender............. ... i, , 90

Math Option of the Elementary Education Program . . . ... 90

Level of High School Preparation and
Number of College Mathematics and/or Statistics Classes

Taken . ..o 92
Implications for Teacher Education ... ..................... 93
Recommendations for Further Research . .................... 97

Additional Consideration for Future Research — Instrumentation. 98

REFERENCES CITED . . .ot ot ettt e e e e e e e e e e 99
APPENDICES . .. e 108
A Testing Instrument . .. ...... ... . i 109
B Scoring Rubric for Short Answer Questions . ................ 118
C Cover Letter to Math Educators and Statisticians for Test
Instrument Form and Content Rev1ev/v ...................... 123
D Letter to Mathematics Educators and Statisticians for Content
Validity . . ..o e 126
E Curriculum in Elementary Education Mathematics Option at
Montana State University -Bozeman . ...................... 129
F Means Tables for Hypotheses . .. .......... .. ... ... . ... 131




C WS TR

-]

Table

10

11

12

vii

LIST OF TABLES

Summary of Analysis of Variance Comparing Effect of Group
Membership and Gender on Achievement ...............

Summary of Analysis of Variance Comparing Effect of Group
Membership and Age on Achievement..................

Summary of Analysis of Variance Comparing Effect of Group
Membership and Degree of High School Mathematics
Preparation on Achievement . .........................

Summary of Analysis of Variance Comparing Effect of Group

Membership and Number of College Math and/or Statistics
Classes Taken on Achievement.......................

Summary of Analysis of Variance Comparing Effect of Group

Membership and Enrollment in Elementary Education Math
Optionon Achievement . . ..........cooiviiiinnn..

Summary of Analysis of Variance Comparing Effect of grade
taught while student teaching and whether or not they taught
math while student teaching on Achievement. ...... e

Model Summary for Total Score . . .......................

ANOVAforTotal Score . ........ccoviiiiniinnnen...

Model Summary for achievement when finding, describing and
interpreting mean, median andmode . . .................

ANOVA for achievement when finding, describing and
interpreting mean, median and mode . ............. e

Model Summary for achievement in interpreting the spread of a
setofdata.................. Lt e

ANOVA for achievement in interpreting the spread of a set of .
data. .. ..o e

Page

48

66

70
76

76

77

77

78




Ll il

Table
13

14
15
16
17
18

19
20

21

viii
Model Summary for achievement in understanding the meaning
of the shape and features of agraph . ...................

ANOVA for achievement in understanding the meaning of the
shape and featuresof agraph .........................

Model Summary for achievement in comparing centers,
spreads, and graphical representations of related data sets . . .

ANOVA for achievement in comparing centers, spreads, and
graphical representations of related datasets.............

Model Summary for achievement in uéing scatter plots and lines
ofbestfit. ... ..o

ANOVA for achievement in using scatter plots and lines of best
fit .o e

ANOVA for total score on interpretive questions . ...........
Five point summaries for Total Achievement excluding outliers

Five point summaries for Total score on short answer
(interpretive) questions excluding outliers . ..............

page

78

78

9

79

80

30

81

86

87




Figure

10

ix

LIST OF FIGURES

NCTM S;tandards for School Mathematics . ................
NCTM Standards for School Mathematics .. ...............
Standard 5: Data Analysis, Statistics, and Probability . . e,
Student GroupsinStudy .. ....... ... ... i .

Standard 5 of Principles and Standards for School Mathematics
DiscussionDraft . . ...

Table of Specifications . .. ........ .. ...,
Scheduled Observations . . . ..... .o ii i
Box-and-Whisker Plots of Total Achievement..............

Total score on short answer (interpretive) questions . .........

Question 34 - Short Answer Question..................... i

Page

18

19




Abstract -

In the next 10 years, United States elementary, middle, and secondary schools
will hire 2 million new teachers to meet rising enrollment demands and replace an aging
teaching force. Half of United States teachers will retire during the same period. Given
these projections and the fact that 21% of US teachers currently have less than a college
minor in their principal teaching area, the education of preservice teachers must become a
national priority. The purpose of this study was to determine to what degree elementary
education majors acquire and retain the statistical data analysis content required for
elementary and middle school as defined by the NCTM. A test instrument was
developed and given to four groups of students (n=232) at Montana State University-
Bozeéman. Two-way ANOVAs and multiple regressions were done to determine if
‘independent variables (age, génder, level of high school preparation, number of college
math/stat classes taken and enrollment in the Math Option) influenced achievement in
statistical data analysis. The overall conclusion was clear: Whatever gains are achieved
in the content mathematics classes are lost by the end of student teaching. Consequently,
students graduating from the elementary education program do not possess the content
knowledge required to meet current professional standards. Neither age nor gender was
determined to be statistically significant when trying to explain variability in total
achievement or achievement in any of the five subtests. No significant difference in
achievement between the students who were enrolled in the math option and those who
were not was found, however discrepancies in the data presented by students led the
researcher to doubt these results. Multiple regression analysis revealed that the set of
independent variables did explain a significant proportion of the variability in
achievement. However, even though the findings are statistically significant (R?=.123)
they are of little practical significance. Recommendations are given for changes in math
content and methods courses for elementary education majors. Test instrument is
included.




CHAPTER 1

DEVELOPMENT OF THE PROBLEM

"School mathematics education bears increasing responsibilities in a data-rich era.
Mathematics instructional programs should provide individuals access to mathematical
ideas and should promote students’ abilities to reason analytically. In a society saturated

~ with quantitative information ranging from global climate change data to political polls

and consumer reports, such skills will help students to understand, make informed
decisions about, and aﬁ’ecz‘ their world.” (National Council of Teachers of Mathematics,
1998 p.15)

Introduction

in the next 10 years, United States elementa'ry, middle, and.secondary schools will
hire 2 million new teachers to meet rising enrollment demands and replace an aging
teaching force. Half of United. States teachefs will retire during the sa:mé period
(National Center for Educational Statistics, 1998). Given these projections and the fact
that 21% of US teachers currently have less than a college minor in thei‘r principal
teaching area (the National Commission on Teaching and Arﬁerica's Future (NCTAF),
1"998),‘ the education of preservice teachers must become a ﬁational priority.. A number of
professional associations concerned with teacher education are coordiﬁating their efforts
to define the qualities and qualifications essentiali for the next generation of teacheré.
These organizations include The National Council for Accreditation of Teacher
Education (NCATE), National Council of Teachers of Mathemat‘ics (NCTM), American

Mathematical Society (AMS), American Statistical Association (ASA), Mathematical
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Associat.io'n of America (MAA), and The International Soéiety for Technology in
Educétion (ISTE). For the first time, these and other stakeholders in teacher education '
are united in their efforts to raise the stén&ards and expectations of teacher education
programs. This research concentrat;d on an effort currently underway to improve the
quality of teaching and learning in one aspect of K-8 mathematics education, statistical

data analysis.

Problem

To what degree do students enrolled in the Elementary Education Program at
Montana State University — Bozeman acquire and retain the statistical data analysis
content required for elementary and middle school as defined by the National Council of

Teachers of Mathematics?

Purpose

The purpose of this research was-to compare and contrast. student statistical data
'analysis knowledge at different 'sfages of the Montana State‘ University Teache;
Education Program. In the mathematics content -areas of the Third International
Mathematics and Science Study (TIMSS), United States fourth graders slightly exceeded
the international averagé‘ in five of the six areas assessed, including sets of jtems de.signed
to sample'students' ability to do work in data -representatiqn, analysis, and probability
(NCES, 1997). United States .eighth-grade students scored just .below‘ the internatipnal

average in the same areas (NCES, 1996). In a country with a national goal of having the




best-educated children in the world, these results have prompted questions concerning the
mathematical competence of United States teacﬁers land the qualit'y of the mathematics
curricula in grades K-8. President Ciinton's Call to Action Jor American Education in the
21st Century (1997) states that, as a nation, "Strong schools with clear and high standards
of‘ achievement and discipline are eésential to our children and our socie;ty. The United
States fanks below average internationally in Sth grade math. We must do better."

| “A knowledge of statistics is clearly necessary for studen'ts to become informed
citizens and intelligent‘consumers, and statistical reasoning needs to be learned” (NCTM,
1998 p. 70).‘ The National Reseal.rch Council recommends “Those who would teach
mathematics need to learn contemporary métheniatics éppropriateﬂ to the grades they will
teach, in a style consistent with the ways in which they will be expected to teach” (1989,
p. 64). To be effective, teachers must i{now the;ir subject matter so thoroughly that they
can present it in a challenging, clear, and compelling way (NCATE, 1998). -

Graduates of Montana State University's Elementary Education program are eligible
to be certiﬁed to teach grades K-8. Therefore, it is irﬁperative that as teachers they
pbssess, as a minimum, the knowledge required .Of eightfl grade elementaﬁ students.
Today’s candidate teachers who will become instructors in grades 5-8 often have the
same mathematics background as those who will become tea_tchers in grade K-4, yef they
are expected to teach more complex content. The additional challenges-inherent in the
more ambitious curricular material often require them to be ﬁlore lik'e mathematics
specialists than their original training may have prepared them to be. :These teachers

often have had little exposure to some of the mathematical ideas that ambitious curricula
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 will require them to teach. Teaching mathematics and statistics in ways that make it
understandable by students requires deep, flexible knowledge on the part of the teacher
(Silver, 1998). |

The National Céunci,l of Teachers of Mathematics (NCTM) offers detailed
recommendations for teaching statistics’ in grades K-12 in both Curriculum and
Evaluation Standards for School Mathematics (1989) and Principlés and Standards for
School Mathe;ﬁatics: Discussion Draft (1998). Mathematical science organizations such
as the American Mathematical Association of Two-Year Colleges (AMATYC), the
Ameliican Mathematical Society (AMSj, the American Statistical Association (ASA), the
Association for Women in Mathematics (AWM), th.e'Associétjon of State Supervisc;rs of
Matheinatics ‘(ASSM), the Council of Presidential Awardées in Mathemétics (CPAM),
the Mathematical Association of America (MAA), and the Séciety for Industrial and
Applied Mathematics (SIAM) promote the vision of school mathematics curriculum as
described by NCTM (NCTM, 1989)

The content must be'consistent with national mathematics and §cience standards and
convey disciplinary knowledge that relates to student environment and experiences (Friel
& Bright, 1997). A growing.lnumbef of reports and policy statements involving agencies
of'the federal (NCES, 1998) énd state governments (Office of _Public Instruction, State of
Montana, 1998), profess'ional organizations (NCTM, 1998), and other interested groups
(ASA, 1998) call for specific reforms in the content and pedagogy of mathematics
education. A National Science Report to the United States Senate (Teacher Retraining,

1997) stated that content must be consistent with national mathematics and science




standards and convey disciplinary knowledge that relates to student environment and
experiences. One of the content areas addressed 1n .these.reporté ié data representation,
statistical analysis, and statisﬁcal graphs. The National Council of Teachers of
_ Mathematics' Principles and Standards of School Matkematz'cs (1998) 1is thé most
complete and influential presentation on the proposed reforms. With regard to the
content focus of this research, the NCTM Standards for Stétistics for PreK-8 were treated
as the standard by which the statisticél data analysis knowledge of elementary education

majors at Montana State University was measured.

NCTM Standards for Data Analysis. Statistics and Probability

NCTM’s ‘Principles and Standards for School 'Mathematics: Discussion Draft
includes 10 Standards. Five of those standards focus on. content which address the -
mathematics that students should know and ﬁve standards focus on processes that address
ways of acquiring and using that knowledge (See Figure 1).

Figure 1. NCTM Standards for School Mathematics

NCTM Standards for Grades Pre-K-12 (NCTM, 1998)
: Content Standards o
Standard 1: Number and Operation
Standard 2: Patterns, Functions, and Algebra
Standard 3: Geometry and Spatial Sense
Standard 4: Measurement -
Standard 5: Data Analysis, Statistics, and Probability
Process Standards
Standard 6: Problem Solving
Standard 7: Reasoning and Proof
Standard 8: Communication. -
Standard 9: Connections

Standard 10: Representation




Sta:ndarcl Five, Data Analysis, Statistics, and Probability, for grades Pre-K-8, states that

Mathematics instructional programs should jnclude, attention to data analysis, statistics,

and probability so that all students —

¢ Pose questions and collect, organize, and represent data to answer those

questions;

o Interpret data using methods of exploratory data analysis;

¢ Develop and evaluate inferences, predictions, and arguments that are based on

data; .

¢ Uridcrstand and apply basic notions of chance and probability (NCTM, 1998)

Speciﬁcally, this study dealt only with the following aspect of statistical data analysis

knowledge within Standard 5.

¢ Interpret data using methods of exploratory data analysis;-

[+]

Find, describe, and interpret mean, median, and mode as measures of the
center of a data set; know which measure is best to use in particular situations;.
and understand how each does and does not represent the data;

Describe and interpret the spread of a set of data using tools such as range
1nterquart1le range, and box-and-whisker graphs;

Interpret graphical representations of data, including - descriptions and
discussion of the meaning of the shape and features of the graph, such as
symmetry, skewness, and outliers;

Analyze associations between variables by comparing the centers, spreads
and graphical representations of related data séts;

Examine and interpret relationships between two variables using tools such as
scatter plots and approximate lines of best fit. (NCTM, 1998 p.238)




Research Questions

The data obtained in this study were used to characterize the statistical data analysis
knowledge of pre-service elementary education majors ‘ar.ld to answer the following
questions: |
1. Was there a difference in the statistical data analysis knowledge among elementary

education majors in MATH 130 - Mathematics for Elementary Teachers I, MATH

131 - Mathematics for Elementary Teachers II, EDEL 333 - Teaching Mathematics,

and EDEL 410 - Student Teaching?

2. Were démographic factors of gender, age when eﬁrolled in MATH 130, high school
mathematics p;eparation, number of college math and/or statistics classes taken,
and/or enrollment in the Elementary Education Math Option related to statistical data

analysis knowledge in MATH 130, MATH 131, EDEL 333, and EDEL 4107

Definition of General and Educational Terms

For the purpose of this research, the following definitions were used.

K-8 Certified Persons with a Bachelor of Science degree in Elementary
' Education certified by the State of Montana to teach
kindergarten through eighth grade in all content areas.

Age Range Sets - 1) 25 and younger
2) 26 and older

Non-traditional age Defined by Montana State University as those students who
are older than 25 years old




Four groups to be
researched

Math Option

Basic High School
Mathematics Preparation

Average High School
Mathematics Preparation

Advanced High School

Mathematics Preparation-

1) Students enrolled in MATH 130 fall semester 1999
2) Students enrolled in MATH 131 fall semester 1999
3) Students enrolled in EDEL 333 fall semester 1999
4) Students enrolled in EDEL 410 fall semester 1999

Elementary Education students take 18 additional credits in
Mathematics and/or Statistics in place of free electives to
enhance their mathematics qualifications. (See Appendix E
for specific details.)

Classes up to and including Algebra One. This would

.include but not be limited to such classes as: Basic Math,

General Math, Business Math, Pre-Algebra, Integrated Math
I (SIMMS-IM), and Algebra One.

Classes including but not limited to Algebra I,
Trigonometry, Integrated Math II (SIMMS-IM), Integrated
Math III (SIMMS-IM), and Geometry.

Classes including but not be limited to Pre-Calculus,

Calculus, Statistics, Integrated Math IV (SIMMS-IM),
Integrated Math V (SIMMS-IM), and Discrete Math.

Definition of Statistical Terms

(Lappan Fey, Fltzgerald Friel, & Phillips 1998a 1998b, 1998c 1998d; Upshall, 1997;
Nichols & Schwartz, 1998; Abelnoor, 1979). '

Bar graph

Box and whisker plot

A representation of discrete data in which the height of each
rectangular bar indicates' its value or frequency. Bars are
separated from each other to highlight that the data are discrete
or ‘counted’ data.

A graph that shows the distribution of values in a data set. Itis
constructed from the five-number summary of the data that are
minimum value, first quartile, median (second quartile), third
quartile, and maximum.




Data analysis

Interquartile range (IQR)

Mean

Median
Mode

Normal distribution

Outlier
Population
Probability
Quartile
Range

Sample

Scatter plot

Carefully examining collected data. Th1nk1ng about the
reliability and validity of the data, conclusions that can be
drawn, ~fairness and appropriateness of the data, and
predictions that can be made using the data. :

The numerical difference between the first and third quartiles
of a distribution. This covers the middle half of the values in
the frequency distribution.

The arithmetic average of the data. It is the center of gravity of
the data. It is the value that a set of data would have if all the
data were the same value.

The middle of an ordered set of data..
The most frequently occurring datum.
A theoretical graph that is continuous and perfectly symmetric
on each side of the mean. Frequency values are highest in the
middle. The mean, median, and mode represent the same

value. Commonly referred to as a bell curve.

A Valu_e in a data set thét is 1.5 IQR less than the Q; or 1.5
IQR greater than Qs.

The entire collection of people or objects under study.

The branch of mathematics that focusés on determmlng the
chance of somethlng happening.

A partition of an ordered array of data that is equal to one

quarter of the data. Fach partition is.roughly equal in size.

The range is computed by stating the lowest and highest values
of the data set.

A subset of the population, chosen to represent it.

A graph used to explore the relationship between two
variables.




Skewed distribution

Standard deviation

Statistics

Stem and leaf plot

Syrﬁmet‘ry

10

- A distribution that does not model the normal curve but rather

has the greatest-frequency of occurrence on either the left or
right side of the distribution.

A measure of the distribution of the data. It measures how far
data tend to be fromi the mean.

The branch of mathematics that focuses on collecting and

interpreting data.

A quick way to picture the distribution of values in a data set.
The stem of the plot is a vertical number line that represents a
range of data values in a specified interval. The leaves are the
numbers attached to the particular stem values.

A description of the ‘sameness’ of portions of a figure.

Summary

This study focused on elementary education majors at Montana State University

who were at various stages in their program, specifically students who were enrolled in

MATH 130 - Math for Elementary Teachers I, MATH 131 - Math for Elementary

Teachers II, EDEL 333 - Teaching Mathematics, or EDEL 410 - Student Teaching. Iﬁ

addressed the need for assessing the Standards-baséd statistical data analysis knowledge

of these prospective elementary teachers. "The researcher developed an instrument for

assessing what pre-service elementary teachers know, master and retain at various levels .

of their university studies concerning aspects of the NCTM's statistical data analysis -

héwledge elementary and middle school children are expected to master.




' CHAPTER 2

REVIEW OF THE LITERATURE
- Introduction

The focus of this study was to determine if there was a difference in statistical
data | analysis knowledge among elementary education majors at Montaﬂa State
" University who are enrolled in MATH 130. - Math for Elementary Teachers I; MATH
131 - Matﬁ for Elementary Teachers II, EDELl333 -‘Teachjng Matherﬂatics, or EDEL
410 - Student Teaéhihg. The study assessed the NCTM Standards-based statistical data
analysis knowledge of these prospective elementary teachers.

The data obtained in this study were used fo anS\lzver questions about historical and
demogreiphic factors associated witﬁ statistical data analysis kno'wledge in MATH 130 -
Mathematics for -Elementary Teachers I, MATH 131 - Mathematic.s fér Elementary
Teachers 11, EDEL 333 - Teaching Mathematicé, and EDEL 410 - Student Teaching. It
also determined to what exteﬁt interactions between-age at the ’beginning of MATH 130,
gender, level of high school math. preparedness, and number of college math and/or
statistics class taken wer—e related to statistical -data analysis knowledge of pré—s‘ervice

elementary education majors.
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Content Knowledge for Teachers

Researchers recognize that teacher behaviors may not be the only factors
influencing student achiévement. The key questions of research are, "How much
knowledge is ‘reciuired for teaching?" and "Wﬁat kind of knowledge is réquired for
teaching?" Shulman (1987) suggests éeveral "categories of knowledge that underlie the
teacher understanding needed to‘promc.)te comprehension among students." (p 8).

Shulman states that at a minimum, the categories should include:

content knowledge;

general pedagogical knowledge;

cutriculum knowledge;

pedagogical content knowledge, that special amalgam of content and
pedagogy that is uniquely the province of teachers, their own special form
of professional understand; _

knowledge of learners and their characteristics; -

knowledge of educational contests;

knowledge of educational ends, purposes, and values, and their
philosophical and historical grounds (1987 p. 8) '

]
[+]
]
[+

This study investigated oﬁly content knowledge while it is understood that content
- knowledge alone does not insure good teaching. Leinha:fdt (1986) found that content
knowledge Wés critical to good teaching. Parsons (1993) supports the theory that a deep
subjec't matter knowledge aids in asking appropriate questions, responding to students,
crafting ‘lessons, and providing examples, explanatiéns gﬁd demonstrations. While it is
recognized that content knowlecige is not the only indicator of good teaching, NCTM
made a strong statement about the importance of content knowledge - "first and foremost,
teaching candidates must havé the .mathematics content needed for their respective

teaching grade levels." ("Start with math," 1999)
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"A major goal of teacher education programs is to provide opportunities for

prospective teacher to acquiré subject matter knowledge" (Adéms 1998 p. 35). Several
~ researchers (Ball, 1990; Even, 1990; Shulman, 1986, 1987 Simon, 1993 Loucks-
Horsley, 1999; Steen, 1999a) agree that an individual who plans to teach subject matter to
+ children should have content knowledge and understanding of the content in order to
teach that content to school childreﬁ. Prospective teachers are expected to meet the

mathematical needs’ of children; teachers who have- faulty knowledge or

misunderstandings are likely to pass that false knowledge or misunderstanding on to the .

children that they teach (Babbitt & Van Vactor, 1993).

Today’s candidate teachers who will become instructors in grades 5-8 often have

the same mathematics background as those who will become teéchers in -grade K4, yet

they are expected to teach more complex content. The additional challenges inherent in

the more ambitious curriculum material often require them to be more like mathematics

specialists than their original training may have prepared them to be. These teachers °

often have had lvi'ttle exposure to some of the mathematical ideés that ambitious curricula
will require them to teach their students. Teaching mathematics and statistigs In ways
that make it understandable by students requires deep, ﬂexible knowledge on the part of
the teacher (Silver, 1998). |

A recent (1998) report published by the National Commission on Teaching and

America's Future (NCTAF) reported that what teachers know and can do is the most ‘

important influence on what students learn. In this same report, NCTAF assembled

research that clearly demonstrated what American parents already believe: Teacher
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quality is the factor that matters the most for student learning. The report further reportedl
that the importance of teacher expertise is far outweighs the more modest but generally
positive influences of small schools and classes. As a result, the commission
recommended more rigorous preparation of teachers still in college. Smith, Peire,
Alsalam, Mahoney, Bae and Young (1995) found that

Proficiency in mathematics is an important outcome of education.

In an increasingly technological world, the mathematical skills of

the nation's workers may be crucial components of economic

competitiveness. In addition, knowledge of mathematics is critical

for success in science, computing and a number of other related

fields of study" (p. 58).
This is supported by the National Council of Teachers of Mathematics in Principles and
Standards for School Mathematics: Discussion Draft (1998) when they say that to make

judgments about tasks, teachers need to know mathematics well beyond the mathematics

they teach.

Importance of Statistical Data Analysis Knowledge

Consumers must know how to make critical and informed decisions. Knowledge
of statistics will enhance those skills (NCTM, 1989 1998). Students must be able to
interpret statistical predictions, (Drier, Dawson, & Garofalo, 1999). Our students will
enter a global marketplace that uses quantitative data and graphs to communicate
information and to mﬂueﬂce decisions at an ever-increasing pace (Shaughnessy, 1992;
Smith, Perie, Alsalam, Mahoney, Bae, & Young, 1995). The National Research Council

recommends “Those who would teach mathematics need to learn contemporary
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mathematics appropriate to the grades they will teach, in a style consistent with the ways
in which they will be expected to teach” (1989, p. 64). To be effective, teachers must
know their subject matter so thoroughly that they can pr'esen;c it in a challenging, clear,
and- compelling way (NCATE, 1998). Steen (1999b) coﬁcurs when he said, \
"Nonmathematicians, especially students, harbor nonstandard idees ("mjsc_onceptions")

that, "like road accidents," could be avoided through better teaching." (p. 237). Certainly,

it follows that student misconceptions could be alleviated or at least minimized if
teachers were knowledgeable to begin Wi’eh.

“A'knewledge of statistics is clearly necessary for students to become informed
citizens and intelligent consumers, and statistical reasoning needs to be learned” (NCTM,
1998 p. 70). Students must be taught te critically appraise statistics and to ee familiar
with statistical reasoning including collection, summarization, display and interpretation
of data (Scheaffer, 1986). Scheaffer states, "They (students) should learn to become
"professional noticers" of the many ways data is used and misused lin their WOI‘ld.
Students should begin to see statistical reasoning as a process for solving problems
through data and quantitat.ive reasoning, and should underétaﬁd the basic principles
involved in the design of a good suﬁey or experiment." "It is important that we actually
include probability and stetisti'cs in our schools, eeCause people are going to use it and
abuse it - perhaps more than any othef branch of mathematics - whether or not we teach'
it." (Shaughnessy, 1992, p. 467).

| The goal of statistics education in the elemeﬁtary. school is not that students °

become statisticians, but that they will be intelligent consumers of statistics as private
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citizens (Drier, Dawson, & Garofalo, 1999). "Teachers cannot expect chi‘ldren topick up
en passant the essential features of distributions or the effect éf the 'role of I'arge
numbers'; these issues need to be discussed fully with the pupﬂs." (Goodchild, 1984 p-
81). Real problems rarely work out as neatly as math problems from texts so students
must be taught to interpret data from real world events (Kalman, 1997; Scheaffer, 1986).
Students must have opportunities to speculate about when and why people choose to use
certéin graphs in publications and how pictorial and spatial representat'ions help to
communicate. relationships (Drier, Dgwsc')n, & Garofal_o; 1999; Kalme_m. 1997). Above all
we must not assu;lle that because statistical words such as averége are_i‘nAco'mmon usage -
it is properly understood (Goodchild, 1984).

In 1968 a joint commission of the .American Statistical Association and the
National Council of Teachers of Mathematics déveloped curricul_ar materials and
methods fo promote teaching of statisticé (Pereira—Mendoz.a & Dunkels, 1989). But it
Wasn't until the past ten years that statistics has 1ncreased n 31g111ﬁcance in K-12
education (Scheaffer 1986) In 1989, the National Council of Teachers of Mathematics
publishec_l Curriculum and Evaluation Standards for School Mathgmatics. The
'Standards' responded to the call for reform in teaching‘ énd. learning mathemati(.:s. They
represented an effort to ensure quality, indicate goals, and promoté positive change in
mathematics education in grades PreK-12 (NCTM, 1989). NCTM offers ’de;cailed
recommendations f'or teaching statistics in grades K-12 in both Currz'culum ana.7
Evaluation Standards for School ‘Mathemat'ics (1989) and Principles and Standards for

. School Mathematics: Discussion Draft (1998). Mathematical science organizations such
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as American Mathematical Assc'>éiation of Two-Year Colleges (AMATYC), American
Mathematical Society (AMS), American Statistical Association (ASA), Association for
Women in Mathematics (AWM), Association of State Supervisors of Mathematics
(ASSM), Council of Presidential Awardees in Mathe.r.natics (CPAM)_, Mathematice'ﬂ
Association of America (MAA), and Society for Industrial and‘ Applied Mathematics
(SIAM) promote the V.iSiOIl of sclzhool mathematics as described By NCTM (NCTM,
1989). While ,tile NCTM is recognized as the definitive source for elementary
mathematical standards, the National Council for Social Studies (1994), the Geography
Education Standérds Project (1994), the National Research Council (1996) and The
National Coﬁncﬂ of Teachers of English, together with the International Reading
Association. (1996) have documented the need for statistical skills within their respective
disciplines. The Secretary’s Commission c;n Achieving Necessary Skills (1991)
recommends that assessment of statistical skilis that are needed forvthe workplace should

take place at the 8™ grade level.

NCTM Standards for Data Analysis, Statistics and Probability

NCTM’s Principles and Standards for School Mathematics: Discussion Draft
includes 10 Standards. Five of those standards focus on content which address the
mathematics that students' should know and five standards focus on Pprocess which

address ways of acquiring and using that knowledge (See Figure 2).
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Standard Five, Dat;a Analysis, Statistics, and Probability, for grades Pre-K-8, states'
that Mathematics instructional programé should include attention to data analysis,
statistics, and probability so that all students —

’° Pose questions and collect, oréanize, and represent data to answer those
questions; o
¢ Interpret data using methods of exploratory data analysis;
¢ Develop and evaluate inférences, predictions, and arguments that are based on
data;

¢ Understand and apply basic notions of chance and probability (N CTM; 1998)

Figure 2. NCTM Standards for School Mathematics

NCTM Standards for Grades Pre-K-12 (NCTM, 1998)
Content Standards
Standard 1: Number and Operation
Standard 2: Patterns, Functions, and Algebra
Standard 3: Geometry and Spatial Sense
Standard 4: Measurement
Standard 5: Data Analysis, Statistics, and Probability
Process Standards
Standard 6: Problem Solving
Standard 7: Reasoning and Proof
Standard 8: Communication
Standard 9: Connections
Standard 10: Representation

Grades Pre-K-12 are divided into four grade bands. These grade bands are Pre-K-2,
3-5, 6-8, and 9-12. Elaboratioﬁ of the Data Anéllysis, Statistics, and Probability Standard

for grade bands PreK-2, 3-5; and 6-8 are shown in Figure 3. Since the focus of this study '
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was statistical data analysis knowledge, the notation and elaboration for the fourth
component, which deals exclusi\}gely with probability, was not be'included.

* Figure 3. Standard 5: Data Analysis, Statistics and Probability

Standard S: Data Analysis, Statistics, and Probability

Mathematics instructional programs should include attention. to data analysis,
statistics, and probability so that all students - :

% pose questions and collect, organize, and represent data to answer those
questions;
In grades pre-K-2, all students should -

o gather data about themselves and their surroundings to answer questlons that
involve multiple responses

o sort and classify objects and organize data according to attributes of the
objects;

o represent data to convey results at a glance usmg concrete obJects pictures,
and numbers. (NCTM, 1998 p 130 131)

In grades 3-5, all students should -
formulate questions they want to investigate; -
design data investigations to address a question;
collect data using observations, measurement, surveys, or experiments;
organize data using tables and graphs (e.g. bar graph, line plot, stem-and-leaf
plot, circle graph, and line graph);

.© use graphs to analyze data and to present information to an audlence

o compare data representations to determine which aspects of the data they
highlight or obscure. (NCTM, 1998 p 181)

In grades 6-8, all students should -

o design experiments and surveys, and consider potential sources of bias in
design and data collection; '

o recognize types of data (e.g., categorical, count, contmuous or measurement)
and organize collections of data; .

o choose, create and utilize various graphical representations of data (line plots,
bar graphs, stem-and-leaf plots, histograms, scatter plots, circle graphs, and
box-and-whisker plots) appropriately and effectively (NCTM, 1998 p 238).

% interpret data using methods of exploratory data analysis; - -
In grades pre-K-2, all students should -

o describe parts of the data and the data as a whole;

o identify parts of the data with special characteristics, for example the category
with the most frequent response. (NCTM, 1998 p 130-131)

o 0 o o
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In grades 3-5, all students should -

]

[+]

describe the shape and important features of a set of numerical data, including
its range, where the data are concentrated :or sparse, and whether there are
outliers;

describe the center of sets of numerical data, ﬁrst 1nforma11y, then using the
median;

classify and describe categorical data (e.g., ways we travel to school) in
different ways; analyze and compare the information hlghhghted by different
classifications;

compare related data sets, with empha51s on the range, center, and how the
data are dlstnbuted

propose and justify conclusions based on data;

formulate questions or hypothesis based on initial data collections, and demgn
further studies to explore them. (NCTM, 1998 p 181) :

In grades 6-8, all students should -

o

find, describe, and interpret mean, median and mode as measures of the center
of a data set; know which measure is best to use in particular srruatlons and
understand how each does and does not represent the data; :
describe and interpret the spread of a set of data using tools such as range,
interquartile range, and box-and-whisker graphs;

interpret graphical representations of data, including descriptions and
discussion of the meaning of the shape and features of the graph, such as
symmetry, skewness, and outliers;

analyze associations between variables by companng the centers, spreads, and
graphical representations of related data sets;

examine and interpret relationships between two variables using tools such as
scatter plots and approximate lines of best fit (NCTM, 1998 p 238).

% develop and evaluate mferences, predictions, and arguments that are based on

data;

In grades 3-5, all students should -

o

(=]

(=]

describe how data collection methods can impact the nature of the data set;
discuss the concept of representativeness of a sample within the contest of a
particular example.(e.g., is the class representative of other fifth-grade classes
in our town? In the U.S.? In Canada? Why or why not?);

compare the data from one sample to other samples and consider why there is
variability;

in simple experiments, infer the structure of the population through drawing -
repeated samples (with replacement) (NCTM, 1998 p 182)

In grades 6-8, all students should - -

[<]

develop conclusions about a characteristic in a population from a well-
constructed sample; '

through simulations, develop an understanding about when differences in data
may indicate an actual difference in the populations from which the data were
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collected and when the differences may result from natural variation in
samples; ‘

o use data to answer the questions that were posed, understand the limitations of
these answers, and pose new questions that arise from the data (NCTM, 1998
p 238).

Methods Used in Other Studies

Friel and Bright (1996) developed a written test related to the use and
interpretation of graphs. The written instrument was administered as a pre and posttest
for seventy-six middle school students. The instrument was developed and scored based
on levels of questions (Curcio, 1987) and ability to'read graphs (Wainer, 1992). They
found that students confuse axes of graphs, have problems with intervals of graphs, and
seem to find the measures of center, mean, and median not readily identifiable from the
graph. They concluded, "Fundamental to graphicacy are the broader issues of what kinds
of questions graphs may be used to answer. By exploring learner's responses to different
kinds of questions we gain some knowledge about learners’ thinkir;g." (Friel & Bright,
1996. p. 13). |

Desmond (1997) developed a written instrument keyed to the NCTM Standards to
test geometric content knowledge of eighty-three pre-service teachers during their last
semester. She followed up with interviews of seventeen of the students. She found weak
abilities on the part of the participants in Standards-based knowledge. There was a weak
positive relationship between content and reasoning. In addition, communication skills
as outlined by the National Council of Teachers of Mathematics seemed to be related to

the geometric content being studied.
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Ball (1990) repc;rted on a study of 252 preservice elementary and secondary
teachers in' five differgnt teacher education programs.  This research explored
participants' ideas, feelings and ﬁnde;Sténding about mathefnatics and about teaching and
learning mathematics through the use of scenarios. Content knowledge of the scenarios
was developed around different mathematical topics. Questionnaire responses were.then
follc;wed by interviews. The mathematical understanding these students broﬁght ﬁom-
their high school and college mathematics classes tended to be, "rule bound and thin"
(Ball, 1990 p. 124).

Rusch (1997) studied 206.e1ementary education majors enrolled in a required
mathematics education content course at five different post-secondary i‘nstitutions.‘ IThe
focus of thé research Was'to assess proépective_ teachers' understanding of place value
concepts within a mathematics content course taught by either a constructivist method or

a traditional, direct instruction m:ethod. A pretest/posttest strategy was used for‘the
assessment instrument that was Writtep specifically for the study. Results .suggest that
preservice teachers began the course with weak understanding of place value and
improved only rﬁarginally. There was only a slight difference between the gains made by
those students in the constructivist class and those in the traditional direct instruction
clgss.

Professional Standards for Teaching Mathematics (NCTM, 1991) identified
specific m'athemétics content and minimum high school and college mathematics course
work requirements for elementary teachers. Fbr teachers of grades K-4, nine semester

hours of college coursework in content mathematics is required which would have as a
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prerequisite three years of mathematics for college-intending §tudents or an equivalent
preparation. qu teachers of grades 5-8, NCTM recommends four years of mathematics
for collegg—intendi‘ng students followed by fifteen hours. of college coursework in content
mathemafics. Dyas (1993) based her research on NCTM's recommendations to study the
differences in groups that 1)‘met both the lhjgh school and coilege requirements, 2) met
only the high school reqﬁirement, 3) met only the college requirement, or 4) met neither
the high school or college requirements. She found that the groups that met high school
and college requirements and those that met‘ just high school requirement scored
significantly highér than those who did not meet either requirer'nent: This \;vas supported
.in 1995 by Roberts who tested preservice teachers (n=103) on the van Hiele model and
explored factors that may be related to their levels of geometric thinking. She found that
the mathemat'ics Backgrounds of the preservice teachers sﬁowed‘ a i)ositive correlation
between the number of high school mathematics courses completedAby the presewiqe
teachers and their total score on the Van Hiele Geometry Test. ~ Roberts found no
significant differences related tc; gender. |

Hutchison (1992) studied the affect of prior subject matter knowledge on learning
pedagogical content knowledge in é 'mathem.afcic methods course.  Participants
understanding of fractions and peaagogical content knowledge were samf)led using two
task interviews, a mathematics education biography, three student teaching classroom
observations in imathematics, and the classroom observations of the mathematics methods
course. The findings suggest that mathe;métics teacher education programs should

reconsider the type of subject matter knowledge required by preservice teachers, since
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those with weak prior mathematical content knowiedge made few if any gains in
pedagogical knowledge because of the need to simultaneously learn Both subject matter
and pedagogical knowledge.

Smith (1993) compared the conceptual understanding of computational estimation
strategies of incoming preservice elementary teachers and those preservice elementary
teachers near the completion of the teacher education program. The reseafcher developed
a testing instrument to explore the quantitative mathematics ability as related to
computational estimation strategies. The results indicated that for both operations, senior
preservice elementary teachers had not a'cqu'ired more conceptual understanding thén'
those of freshmen. Computation estimation ‘s.tra.ltegies testéd were understood
approximately the same. |

Jones (1995) evaluated preservice middle grades teachers' subject matter
knowl_edgé (including beliefs) and pedaéogical content knowledge .of fractions, decimals,
and percents .as they progres'se(i through the undérgraduate middle grades teacher
educétion program. Participants completed three interviews, two mathematics tests and a
questionnaire. Analysis of results indicated that only a small number of participants, both
mathematic cc.>ncen‘tration and non-mathematics conceﬁtration, learned contend
knowledge of fractions, ;iecimals a:nd percents. The study fecomﬁended several changes
iﬂ the4 teacher educ;ation program to include concepts courses for all students throughout
their program.

Lott, (1998) éonducted a study to examine prospective elementary teachers'

knowledge of real numbers, the set of numbers that can be written as a'decimal. Lott
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administered an open-ended assessment to nihe;ty—three third-year preservice elementary
teachers enrolled in three sections of an elementary mathematics methods course. They
were asked to provide a drawing model to describe the relationship between given sets of
numbers and to write a description of each set. Findings indjcgted that prospective
elementary teachers demonstrated limited subject matter knowledge related to knowledge

of real numbers.

Summary

A number of studies (Desmond, Ball, Rusch, Dyas, Roberts, Hutchison, Smifh,
Jones, and Lott) have found that undergraduateé.in mathematics related curricula fail to
acquire and retain knowledge and skills essential to their disciplines and careers. "jfhese
studies were conducted in content and methods courses addressing topics that include,
geometry, fréctions/decimals/peréents, place vélue, estimation, and real numbers. In all
cases the students were found to be characteristically below what was expected.

* The National Council of Teachers of Mathematics standards are accepted as the
basis for PreK-12 education. It is evident that statistical data analysis knoWledge is an’ -
extremely important skill to function as an informed consumer in our society. Evidence
has been presented that fhese skills are not innate and must be taught. Since we ére
preparing teachers, it is impera!:ive that we educate them statistically and assess their

achievement relative to national goals and standards.
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'CHAPTER 3

PROCEDURES AND METHODOLOGY.
Introduction

This chapter discusses the population and sample, instrumentation, research

design, data acquisition, data analysis, and procedures that were used in this study.

Elementary Education Program

The Teacher Education Program' at Montana State University offers NCATE
accredited Bachelor of Science degrees leading to Montana Tea'éher Certification for both
elementary and seqondary education majoys. The elementary education component of
this program enrolls over 500 students at any given time é:nd graduates approximately
100 students per year. Formal admission to the Teacher Education Program occurs
" following completion of specified university core classes aﬂd other requirements °
specifically related to the teacher certification process. For most candidates, official
‘admission occurs in their fifth or sixth semester at Montana State Univeréity.

The majority of elementary education majors are Montana residents (82%),
having entered Montana State University in the fall semester immediately following their

graduation from a Montana high school. A meaningful minority (18%), however, are
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over the traditional age of 25,‘ often with children of their own. A small mipon'ty (2%)
are Native American (Johnson, 1999).

During spring term of 1999, the Mathemétics Education professors of the
Montaha State University Deparfment of Mathematical Sciences sought. to determine
whether student achievement in~MATH 130 - Mathematics for Elementary Teachers I
was related to' one or more demographic factors routinely collected by Montana State
University Admissions: ACT composité score; SAT composite score; high school GPA;
and/pr high school percentile rank. Montana State University institutional researcher Dr.
Cel Johnsqn p.rovided demographic data sets for studenfsrenrolled in MATH 130 autumn
terms of 1996 and 1997 .as part of the database for institutional study. These data were
merged with student achievement data from the same courses and delivered to the
Montana State University Statistical Consulﬁng Seminar instructor Dr. Jim Robison-Cox
for analysis. Under Dr. Robison-Cox's superYision, two master's degree students in the
Statistical Consulting Seminar used analysis of variance and logistic regression
techniques to analyze the data. The principal finding of this aﬂalysis was that there vs.las
no useful relationship between the demographic factors and student achievement. As a
result, none of the demographic factors had an}; predictive ‘value relative to student
achievement in MATH 130. o

Students enrolled in MATH 130 and MATI—i 131 were typicaliy freshmen or
sophomc;res principally engaged in‘ satisfying university. core requirements. Thése
students had declyared an elefnentary education méj or but had no.t been formally admitted

to the Teacher Education Program.
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.Students enrolled in EDE;L 333 were typically juniors or senidrs. They had been
formally admitted to the ’Teacher Education .Program with a 2.5 overall GPA, a Basic
Skills Core GPA of at least 2.5 and no class' in the Basic Skills core with a C- or lower
(Montana State University Bulletin, 1998). Théy also had to p‘res.ent both spohtaneous -
and prepared writing samples as well as demonstrate involvement with children through
communify services activities. These students were fully engéged in professional
development courses at the junior and senior levels and planned to student teach within
the next two semesfers. |

Smdeﬁts enrolled in EDEL 410 had just completed their student teaching, which
is part of the capstone course series for their program. Typically, by this time many of
them had begun seeking teaching pésitions. Two of them had already signed teaciﬁ'ng

contracts for the second semester of the current school year.

Population

The population for this study was all elementary education majors currently

enrolled at Montana State University.

.Sample

The sample for this study was all Montana State University elementary education

majors enrolled in MATH 130 - Mathematics for Elementary Teachers I, MATH 131 -
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Mathematics for Elementary Teachers II, EDEL 333 - Teaching Mathematics, or EDEL

410 - Student Teaching during fall semester 1999. Numbers in these groups \;vere:

Figure 4. Student Groups in Study

Group Number
 MATH 130 ‘. 81
MATH 131 41
EDEL 333 59
EDEL 410 | | 51

Content Focus

For the purpose of this study, research questions were limited to the curriculum
standard specifically dealing with statistical data analysis knowledge taken from Standard
5: Data ‘Analysis, "Statistibs, and Probability of ‘Principlés and Standards for School
Mathematics: biscussion Draft (NCTM, 1998). |

¢ Interpret data using methods of exploratory data analysis;

o Find, describe, and interpret mean, median, and mode as measures of the
center of a data set; know which measure is best to use in particular situations;
‘and understand how each does and does not represent the data;

o Describe and interpret the spread of a set of data using tools such as range,
interquartile range, and box-and-whisker graphs; ,

o Interpret graphical representations of data, including descriptions and
discussion of the meaning of the shape and features of the graph, such as
symmetry, skewness, and outliers;

o. Analyze associations between variables by comparing the centers, 'spreads, .
and graphical representations of related data sets;
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o Examine and interpret relationships between two variables using fools such as
scatter plots and approximate lines of best fit. (NCTM, 1998 p.238)

Course Descriptions

Content tested in this study, NCTM Standard 5, Data Analysis, Statistics and..
Probability, is specifically addressed in MATH 131, the me’.chodology for the standar& is
presented in EDEL 333, and the application in EDEL 333. Descriptions of the pertinent
courses are:

MATH 130 - Math for Elementary Tea(,;hérs I— A student enrolling in this class’"
must have an ACT math score 23, or a SAT math score of 530, or he'l‘ve sﬁccessfully-
completed MATH 103 - Introductory Alggbr"g,- or have scored at a level 3 on the
university Math Placement Tegt._ MATH 130 is an introduction to problem solving, sets,
functions, logic, ‘numeration systems as a mathematical structure, introductory number
theory, rational and irrational nﬁmbers for prospective elementary school teachers. (4
semester hours)

MATH 131 - Math for Elementary Teachers I — Students must have taken and
passed MATH 130 to enroll in MATH 131." MATH 131 co'vers introductory geometry,
constructions, congruence and similarity, concepts of measurement, coordinate geometry,
. simple and complex experiments, odds, conditional probability, expécted Val!le,

simulation, organizing and picturing information, collecting and analyzing data, gnd

computer application for prospective eleméntdry school teachers. (4 semester hours)
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EDEL 333 - Teaching l]llathem;ztics — To enroll in EDEL 333, students must
have taken and passed EDCI 360 - Foundations of Assessment, MATH 131 and be in
good standing .in Teachef Education Program.- "EDEL 333 covers math methods and
materials for the prospective elementary teacher. Classroom organization, operation,
management, applied technology, evél_uation and current theqry are also key components
of the class. (3 semester hours)

EDEL 410 - Student Teaching — Students must have Senior standing, have
complefed of all required EDEL methods co.urses and be in good .standing in Teacher
‘Education Program. Student Teaching involves observation and teachjﬁg in a K-8
classroom setting; preparation and delivery of lesson plans. The student teaching
experience occurs under the supervis.ion of experienced teachers and MSU staff

~ supervisors. (5-12 semester hours)

Independent Variables

For the purposes of this study, the indepen(ient variable was the group (MATH

130 - Mathematics for Eleméntary Teachers I, MATH 131 - Mathematics for Elementary

Teachers II, EDEL 333 - Teaching Mathematics, EDEL 410 - Student Teaching) in

which elementary education students were enrolled during Fall Semester 1999. Other

factors were gender, age, high school mathematics prepafation, number of college' math

and/or statistics classes taken, and enrollment in the elementary education math option.
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Dependent Variables

Dependent variables were overall achievement; achievement when finding,
describing and interpreting mean, ﬂmedian and mode; achievement in interpreting the
spread of a set of data; achievement in understanding the meaning of the shape and
features of a graph; achievement in comparing centers, spreads, and graphical
representations of related data sets; and achievement in using scatter plots and lines of

best fit

Hypotheses

Specific Research questions and Hypotheses tested are as foliows.

1. Group and gender will not .sigrliﬁcaﬂtly interact on each of the following dependent
variables: a) overall achievement, b) achievement When finding, describing and
interpreting mean, median and mode, c) achievement in iﬂterpreting the spread pf a
set of data, d) achievement in understanding the meaning of the shape and features of
a graph, e) achievement in comparing centers,-spreads, and graphical representations
of related data sets, and f) achievement in using scatter plots aﬂd lines of best fit. If a
significant interaction was found simple effects analyses were pérformed. In the case .
where the null hypothesis of interaction was retained -tﬁe following main effects
hypotheses were tested..

1.1 There is no significant difference between the mean of all males and the .

1ﬁean of all females in: a) overall achievement, b) achievement when finding,
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describing and interpreting mean, median and mode, c) échievement n
interpreting the spread of a set of data, d) achievement in understanding the
ineéning of the shape a:nci féatures of a graph, ¢) achievement in comparing

centérs, spreads, and graphical representations of relélted data sets, and

f) achievement in using scatter plots and lines of best fit. |

1.2 There is no significant difference among the means of tﬁe 'four groups in:

a) overall achievement, b) achievement when finding, describing and
interpreting mean, median and mode, ¢) achievement in interpreting thé
spread of a set of data, d) achievement in understanding the meaning of the |
| shape and features of a graph, e) achievement in comparing centers, spreads, '

and graphical representations of related data sets, and f) achiévement in using

scatter plots and lines of best fit.
When a significant main effect was detectéd the Newmaﬁ-Kuels post hoc multi‘
‘comparison statisfic was utilized to test ail possible pair wise hypotheses.

Group and age; will not signiﬁcantly interact on each of the following dependent‘
variables: a) overall achievement, b) achievement. when finding, describing and
interpreting mean, ’median and mode, ¢) achievement in interpreting the spread of a
- set of data, d) achievement in understanding the meaning of tile shape and features of
a graph, e) achievement in comparing centers, spreads, and graphical representations
of related data sefs, and f) achievement in using scatter piots and lines of best fit. In
the case where the null hypothesis. of interaction Wés retained the following main

effects hypotheses were tested.
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2.1 There is no significant difference among the means of traditional age students
and non traditional age students in: a) overall achievement, b) achiévement
when finding, describing and interpreting mean, median and mode,
c¢) achievement in interpretihg the spread of a set of data, d) achievement in
understanding the meaning of the shape and features of a graph, -
e) achievement in comparing centers, spreads, and graphical repreéentations
of related data sets, and f) achievement in using scatter piots and lines of best
fit.

When a significant main effect was detected the Newman-Kuels post hoc multi
comparison,s.tatistic was utilized to test all possible pair wise hypotheses.
Grqup and degree of high school .mathematics preparation. will not signiﬁcantly
interact on each. of the following depende.r.lt vaﬁables: a) overall achievement,
b) achievement when finding, describing and interpreting mean, median and mode,
¢) achievement in interpreting the spread of a set of data, d) achievement in
ﬁnderstanding the meaning of the shape and features of a graph, €) achievement in
comparing centers, spréads, and grabhical representations of related data sets, and
f) achievement in using scatter plots and lines of best fit. In the case where the nul]
hypothesis of interaction was retained thé following main effects hypotheses were
tested. |
3.1 ’fhere is no significant difference among the means of all students wit.h’
different high school mathematics preparation in: -a) overall achievement,

b) achievement when finding, descriBing and interpreting mean, median and
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mode, c) échievement iﬂ interpretiﬁg the spread of a set .of data,
d) achievement in understanding the meaning of the shape and features of a
grai)h, e) achievement in .comparing centers, sprea(is, and _graphicai
representations of reiated data sets, and f) achievement in using scatter plots
and lines of best fit..
When a significant main effect was detected the Newman-Kuels post hoc multi
coﬁpaﬁéon statistic was utilized to test all possible pair wise hypotheses.
Group and number' of college math and/or statistics classes taken will not
significantly interact- on each of the following dependent variables: a) overall
achievement, b) achievement when finding, describing and interpreting mean, median
and mode, c) achievement in interpreting the spread of a set of data, d) achievement
n understaqding the meaning of the shape and features of a graph, €) achievement in
comparing centers, spreads, and graphical representations of related data sets, and
f) achievement in using scatter plots and lines of best fit. In the case. where the null
hypothesis of interaction was retained the following main effects hypotheses were
tested. |
4.1 There is no significant difference among the mean of number of college math
and/or statistics classes taken in: a) overall achievement, b) achievement
when ﬁndiné, describing and ihterpreting mean, median and mo.de,
c) achievement in irlterpreting the spread of a set of data;, d) achievement in
understanding the meaning of the shap_e and features of a graph,

€) achievement in comparing centers, spreads, and graphical representations
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of related data sets, and f) achievement in-using scatter plots and lines of best

fit. |
When a significant main effect was detected the Newman-Kuels post floc multi
comparison statistic was utilized to test all possible pair wise hypotheses. | |
. Group and whether or not the student is in the Elementary Education Program math
option will not significantly interact on each of the following dependent variables:
a) overall achievement, b) achievement when finding, describing and interpreting
mean, median and mode, c) achievefnent in interpreting the spread of a set of data,
d) achievement in understanding the meaning of the sliapé and features of a graph,
) achievement in comparing centers, spreads, and graphical representations of related
data sets, and f) achievement in using scatter plots and lines of best fit. If there had
not been at least 10 students in each EDEL 333 and EDEL 410 who had taken more
than MATH 130 and MATH 131 and were not in the math option this dependent
variable would not have been used for statistical analysis. In the case where the null
hypotﬁesis of interaction was retained the foﬂowing main effecfs hypotheses were
tested.

5.1 There is no significant difference between the mean of all math option
enrollees and the mean of all non-math option enrollees v-in: a) overall
achievement, b) achievement whén finding, describing ;and interpréting mean,
median a_nd mode, c) achievement in interpreting the spread of a set of data,

.d) achievement in understanding the.meaning of the shape and features of a

graph, e) achievement in comparing centers, spreads, and graphical
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representations of relatgd data sets, and f) achievement in using scatter plots
and lines of best fit.
When a significant main effect was detected the Newman-Kuels post hoc multi
comparison statistic was utilized to test all possible pair wise hypotheses.

6. Grade taught during student teaching and whether or not student taught math while
student teaching will not significantly interact on each of the following dependent
variables: a) overall achievement, b) achievement when finding, describing and
interpreting mean, median and mode, c) achievement in interpreting the spread of a
set of data, d) achievement in understanding the meaning of the shape and features of
a graph, e) achievement in comparing centers, spreads, and graphical representations
of related data sets, and f) achievement in using scatter plots and lines of best fit.

6.1 There is no significant difference between the mean of PreK-2 student teachers, 3-
5 student teachers and 6-8 student teachers in: a) overall achievement,
b) achievement when finding, describing and interpreting mean, median and
mode, c) achievement in interpreting the spread of a set of data, d) achievement in
understanding the meaning of the shape and features of a graph, e) achievement in
comparing centers, spreads, and graphical representations of related data sets, and
f) achievement in using scatter plots and lines of best fit.
6.2 There is no significant differéence between the mean of the student teachers who
taught math and those who did not teach math during student teaching in:
a) overall achievement, b) achievement when finding, describing and

interpreting b) mean, median and mode, ¢) achievement in interpreting the
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spread of a set of data, d) achievement in understanding the meaning of the
shape and features of a graph, €) achievement in comparing centers, spreads,'
and graphical representations of related data sets, and f) achievement in using
scatter plots and lines of best fit.

7. The set of independent variables (gender, age when enrolled in MATH 130, number
of high school math classes taken and passed, number of college math classes taken
and passed, number of college statistics classes taken and passed and whether or not
the student is enrolled in Elementary Education program math option) do not explain
a significant proportion of the variability in: a) overall achievement, b) achievement
when finding, describing and interpreting mean, median and mode, c) achievement in
interpreting the spread of a set of data, d) achievement in understanding the meaning
of the shape and features of a graph, e) achievement in comparing centers, spreads,
and graphical representations of related data sets, and f) achievement in using scatter

plots and lines of best fit.

Instrument

A paper and pencil instrument and scoring rubric for evaluating the achievement
of Montana State University elementary education majors relative to these specific
NCTM data analysis standards was developed (See Appendix A) using commonly
accepted procedures (Desmond, 1997, Bell, 1995, Wilburne, 1997). The specific

components of Standard 5 that were tested are shown in Figure 5. The Table of




39.

‘Speciﬁcations found in Figure 6 summariées the relationship between the specified
content strands from the NCTM Standards for Statistics for PreK-8 and the research
instrument developed for this study.

Figure 5. Standard 5 of Pr1n01p1es and Standards for School Mathematics: Discussion '
Draft

o Find, describe, and interpret mean,' median and mode as measures of the center of a
data set; know which measure is best to use in particular situations; and understand
how each does and does not represent the data; ' ‘

o Describe and interpret the spread of a set of data using tools such as range,

- interquartile range, and box-and-whisker graphs; '

o Interpret graphical representations of data, including descriptions and dlscussmn of
the meaning of the shape and features of the graph, such as symmetry, skewness, and
outliers; _

. o Analyze associations between variables by comparlng the centers, spreads, and

\ graphical representations of related data sets;

o Examine and interpret relationships between two variables using tools such as scatter

plots and approximate lines of best fit

Validation

The research instrument was validated by a team of math educators and
statisticians with’ suitable professional qualiﬁcatiohs and lexperience: Dr. Miguel Paz,
Statistician, Department of Mathemétical Sciences, Montana State Univérsity; Dr. Jeff
Banfield, Statistician, Department of Mathematical Sciences, Mon;cana State University; -
Dr. Maurice Burke, Mathematics Educator, Department of Mathematical Sciences,‘
Montana State University; Dr. Lyle Andefsen, Mathematics Educator, Department of
Mathematical Sciences, Montana State Universityi and Dr. Ted Hodgson, Mathematics
Educator, Department of Mathematical Sciences, Montana State University. See

Appendix C for letter to mathematicians and statisticians.
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Dr. Paz, Dr. Hodgson, and Dr. Burke independently reviewed the instf;.iment and
scoring rubric, rated each item as.acceptable or unacceptable iﬁ l;oth form and content,
and made recommendaﬁons for correcting and/or supplementing the list of test items.
The researcher reviewed these recommendations to identify all necesséry changés in
either form or content. After revisions were made, they were sent to the team of math

educators and statisticians for a second review. Dr. Paz, Dr. Hodgson, Dr. Burke, Dr

Andersen, and Dr. Banfield were given the final test with a blank copy of the Table of -

Specifications (See Appendix D). They were asked to mark the table of specifications to

determine content validity in relation to the goals. Their determinations of content are

shown in Figure 6. "

Reliability

During the summer session of 1999, a pilot study was conducted. Arrangements

were made with the MATH 130 - Mathematics for Elementary Teachers I, MATH 131 -

Mathematics for Elementary Teachers II, and EDEL 325 - Teaching Science course

supervisors to conduct a reliability check of the instrument. The enrollment in each of
the mathematics courses was 11 students. The enrollment 1n the Science education class
was 35. The total number tested in the pilot was 57. The insMent has four
der_nographic items (1—45, twenty-eight multiple-choice items (5-32) and sevlen short
answer items (33-39). The multiple-choice items (5-32) were scored by. the Testing

Center at Montana State University. Since there was one test to be given only one time,
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Figure 6. Table of Specifications with Content Validation

A Find, describe, and interpret mean, median and mode as measures of the center of a
data set; know which measure is best to use in particular situations; and understand
how each does and does not represent the data;

B. Describe and interpret the spread of a set of data using tools such as range, inter-
guartile range, and box-and-whisker graphs;

C. Interpret graphical representations of data, including descriptions and discussion
of the meaning of the shape and features of the graph, such as symmetry,
skewness, and outliers;

D. Analyze associations between variables by comparing the centers, spreads, and
graphical representations of related data sets;

E. Examine and interpret relationships between two variables using tools such as
scatter plots and approximate lines of best fit.

4 A B C DE 4 A B CDE
5 5 25 5

6 5 26 4 1
7 5 27 4 1
8 4 28 4 1
9 4 29 2 3
10 4 1 30 I 3 1
11 5 31 3 2
12 5 32 2 3
13 5 33 2 3
14 1 4 34 3 1

15 1 4 35 2 3
16 5 36 5
17 5 37

18 5 38

19 4 [

20 4

21 1

22

23

24

the best method for estimating reliability was the Kuder-Richardson internal reliability

coefficient (Gay, 1996). A Kuder-Richardson of .79 was obtained. To estimate the
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scorer reliability for the short answer items (33-39), the researcher scored and re-scored
(blind) all the short answer answers on the tests with a period of three weeks between
scoring. A Pearson r correlation was used to determine scorer reliability. The reliability

- coefficient was .93 overall. See Appendix B for specific scoring rubrics.

Research Design

This study employed a non-experimental research design involving intact groups
(Kerlinger, i986). The purpose of the research was to comp’aré and contrast student
statistical data analysis knowledge at different stages of the Montana State Univérsity
Teacher E&ucation Program. As defined by accreditation documents and procedures, the
Montana State University Elementary Teacﬁer Education Program was stable in content
and format. Furthermofe, the characteristics of entering students are stable from year to
year.. As a result, this study assumed - that stl;.tdent characteristics could be sampled
-simultaneously at different stages of the Teacher Education Program without concern that
programmatic effects will be obscured by year-to-year variations in the student
population.

Tests TI, T,, Ts, and T4, were madé at four stages of the Teacher Educétion
Program: MATH 130 - Mathemqtiés for Elementary Teacﬁers I, MATH 131 -
Mathematics for Elementary Teachers II, EDEL 333 - Teaching Mathematics, and EDEL
410 - Student Teachiﬂg. The research instrumént was admiﬁiste'I‘ed near the beginning

of MATH 130 and at the end of each of the other courses. One 50-minute class peribd




43

was allocated for testing, but students were allowed more time if necessary. Calculators
were allowed.

Figure 7. Scheduled Testing

Ty T, Ts Ty
September 3, | December 1, | December 9, | December 7, -
1999 1999 1999 1999
MATH 130 MATH 131 | EDEL 333 EDEL 410

Data collection for the study was collected during fall semester 1999. Students in
MATH 130 were tested in early September. Students in MATH 131, EDEL 333 and

EDEL 410 were tested in early December.

Data Analysis Strategy

Two-way analyses of variance were done to see if there were diffe’rences_ in
understanding of statistical data analysis by elementary education rﬁajors at the end of
| MATﬁ 1:°;O - Mathematics fdr Elementary Teachers I, MATH 131 - Mathematics for
Elementary Teaéhers I, EDEL 333 - Teaching Mathématics, and EDEL 410 - Student
Teabhing with respect to 1) Overall acm§vement, 2) Achievement when finding,
describing _ahd interpreting mean median aﬁd mode, 3) Achievement in interpreting the
spread of a set of data, 4) Achievement in unde:rstanding the meaning of the shape and
features of a graph, 5) Achievement. in _comparing centers, spreads, and graphical
representatioﬁs of related data sets, and 6) Achievement in using scatter plots and lines c;f
best fit. When it was determined that a difference in understanding of ‘étaﬁsﬁcal data
analysis exist_ed, a seﬁes of pl.;mned pair-wise comparisons wés used to determine where

performances differed. Simple effects analysis had been planned to interpret interaction
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findings. Since there was no evidence of interaction, no simple effects. analyses were
performed. | |

Multiple regressions were done to determine if demographic factors of gender,

age when enrolled in MATH 130, number of high school math classes taken and passed,

number of college math classes taken and passed, number of college statistics classes
taken and passed and whether or not the student is enrolled in Elementary Educ;ation
program math option are associated with understanding ‘statistical data analysis in MATH
130 - Mathematics for Elementary Teachers I, MATH 131 - Mathematics for Elementary

Teachers II, EDEL 333 - Teaching Mathematics, and EDEL 410 - Student Teaching with
‘respect- to 1) Overall achievement, | 2) Achievement when finding, describing and
interpreting mean median and mode, 3) Achievement in interpreting the spread of a set of
data, 4) Achievement in understanding the-meaning of the shape and features of a gréph,

5) Achievement in comparing centers, spreads, and graphical representations of related

data sefs, and 6) Achievement in using scatter plots and lines of best fit.

Alpha level

An alpha level of 0.05 was set before colleétion of data_took place. This level was
adopted instead of a more conservative 0.01 because it is hard to imagine any harm that
could be done to the students by advocating increased instruction in statistical data
analysis even if no measurable advaﬁtages existed. That is to say a Type I error
(rejecting the null even though it is true) could not possibly h,a\./e serious negatiye,effects.

This researcher was quite concerned about the possibility of making a Type Il error
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(failing to reject the null even though it is false). Doing so would mean that the
university missed the opportunity to add statistical data analysis to the mathematics

classes and thus help students be better prepared to be elementary teachers.

Iimitations

1. One limitation of the study was that students were not randomly assigned to Blocks A.
and B within the Elementary Education Program. Student placement was determined
by an assortment of factors including morning or afternoon requirements, necessity of
a sumimer session of classes, and with a pri01:ity given to second semester students.

2. Another limitation of the study was that not all of the students in the study took their
mathematics content classes at Montana State University. The students who did take
MATH 130 - Mathematics for Elementary Teachers I and MATH 131 - Mathematics
for Elementary Teachers II at Montana State University took them during different
semesters with a variety of instructors. The background and experience of instructors
were not exactly the same. Some instructors were faculty and some were graduate

teaching assistants with little or no experience in elementary mathematics education.




46

Delimitations

1. The variables in this study (group membership, age, gender,.level of high sghool math
preparation, and number of college math and/or statistics classes taken) may not be
the only ones 'that affect statistical data analysis knowledge, nor may they be the most
significant variables. |

2. The study was conducted during the fall semester of 1999 at Moﬁtana State
Universit}; - Bozeman. |

3. The study was limited to students enrolled Vin MATH 150 - Mathematics ‘for
Elementary Teachers I, MATH 131 - Mathe'matics. for Elementary -Teachers II, EDEL

+ 333 - Teaching Mathematics, and EDEL 410 - Student Teachiﬁg, at Montana State

University during fall semester 1999,

Summary

. The purpose of the study was to determine if students enrolled in the Elementary
Education Program at Montana étate University acquire and retain the statistical data
analysis content required of elementary school teachers. Data was gathered from
students at four different stages of the elementary education program at Montana State

University. .Multiple regression and ANOVA were used to determine if changes in

achievement occurred and also if demographics made a difference in achievement.
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CHAPTER 4

DATA ANALYSES AND FINDINGS

Introduction

This chapter is arranged to show data gathered and statistical results related to the
specific hypotheses stated in this study. Hypotheses one through six were tested with a
Two-Way ANOVA. Hypothesis seven was tested through Multiple Regression analysis.

See Appendix F for complete tables of means for two-way ANOVA analyses.

Two-Way ANOVA Analyses

Hypothesis 1A

Hypothesis 1A was retained. Group and gender did not significantly interact on
overall achievement. The p-value for interaction exceeded 0.05.
Hypothesis 1A.1

Hypothesis 1A.1 was retained. There was no significant difference between the
mean of all males and the mean of all females in overall achievement. The mean for all
males was 22.33 and the mean for all females was 22.35. The p-value was greater than

0.05.
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Table 1. Summary of Analysis of Variance Comparing Effect of Group Membership and

Gender on Achievement

. Source df MS F-ratio P-value

Total test Achievement (Hyp. 1A) _
Group 3 226.472 12.571 .000
Gender 1 .000647 .000 995
Group*Gender 3 32.882 1.825 143
Error 224 18.015

Sub test 1 Achievement (Hyp. 1B) ' :
Group ' 3 57.053 10.417 .000
Gender 1 1.872 342 559
Group*Gender 3 7.9333 '1.338 230
Eiror _ 224 5.477 '

Sub test 2 Achievement (Hyp. 1C)
Group 3 15.533 14.186 .000
Gender 1 - 120 109 741
Group*Gender 3 539 492 688
Error 224 1.095 '

Sub test 3 Achievement (Hyp. 1D) ' _
Group 3 5.889 6.355 .000
Gender 1 - 1.505 1.625 204
Group*Gender 3 1.010 1.090 354
Error 224 927

Sub test 4 Achievement (Hyp. 1E)
Group . - 3 1.626 2.086 103
Gender 1 02175 .028 .867
Group*Gender 3 612 786 503
Error 224 779

Sub test 5 Achievement (Hyp. 1F) ’
Group 3 8.871 3.655 .013
Gender 1 230 .095 758
Group*Gender 3 2.685 1.106 347

- Error 224 2427

Hypothesis 1A.2

Hypothesis 1A.2 was rejected. There was a significant difference among the

means of the four groups in overall achievement. The means for the four groups were

19.91 (MATH 130), 25.52 (MATH 131), 24.11 (EDEL 333) and 21.65 (EDEL 410). The

p-value was < 0.05.
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A Newman-Keuls poét hoc multi cofnparison statistic was utilized to test all
péssible pair wise hypotheses. The mean of MATH 130 was significantly less than the
means of MATH 131, EDEL 333 and EDEL 416. The mean of EDEL 410 Was
significantly less than the means of MATH 131 and EDEL 333,

Hypothesis 1B |

Hypothesis 1B was retained. Group and gender did not sigriiﬁcantly interact on
achievement when finding, describing and ,iﬂtérpreting mean, median and mode. The p-
value for interaction exceeded 0.05.

Hypothesis 1B.1 -

Hypothésis 1B.1 was retained. There was no significant difference between the
mean of all males and the mean of all females in achievement when finding, describing
and interpreting mean, mgdian and mode. The méan of all ﬁlales was 6.08 and the mean-
for all females was 6.38. The p-value was greater-than 0.05. -

Hypothesis 1B.'2

Hypothesis 1B.2 was rejected. There was a significant difference among the
means of the four groups in achievement when finding, describing and inferpreting mean,
median and Iﬁode. The ﬁems for the four groups we're 5.16 (MATH 130), 8.07 (MATH -
131), 6.91 (EDEL 333) and 6.13 (EDEL 410). The p-value Was léss than 0.05.

A Newman-Keuls post hoc multi comparison statistic was utilized to test all .
possible pair wise hypotheses. The mean for MATH 130 was signiﬁcal;tly lower than the
means of MATH 131, EDEL 410 and EDEL 333. The means of EDEL 410 and EDEL

333 were both significantly lower than the mean of MATH 131.
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Hypothesis 1C

Hypothesis 1C was retained. Group and gender did not significantly interact on
achievement in ihterpreting the. spread of a set of data. The p-value for interaction
exceeded 0.05.

Hypothesis 1C.1

Hypothesis 1C.1 was retained. There was no signiﬁcalit.di"fference between the
mean of all males and the mean .of all females in achievement m interpreting the spread.
of a set of data. The mean for all males was 3.28 and .the meén for all females was 3.42.
The p-value exceeded 0.05.

Hypothesis 1C.2

Hypothesis 1C.2 was rejected. There was a.significant difference among the
means of the four groups in acMeveﬁent in interpreting the spread of a set of data. The
means for the four groups were 2.70 (MATﬂ 130), 4.12 (MATH 131), 3.88 (EDEL 333)
an;i 3.35 (EDEL 410). The p—valu\; was less than 0.05.

A Newman-Keuls post hoc multi comparis6n statistic was utilized to test all
~ possible pair wise hypotheses. The mean of MATH 130 was significantly less than the
means of MATH 131, EDEL 333 and EDEL 410. The mean of 'EDEL 410 was
significantly less than the means of MATH 131 gnd EDEL 333.

Hypothesis 1D |
| Hypothesis 1D was retained. Group and gender did not signiﬁc‘antly interact on
achievemént_in understanding the meaning of the shape and f.'eatures.of a graph. The p-

Value for interaction exceeded 0.05.
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Hypothesis 1D.1

Hypothesis 1D.1 was retained. Tﬁere was no significant difference between the
mean of ali males and the mean of all females in achievement in understanding the
meaning of the shape and features of a graph. The mean for all males was 5.08 and the
Iﬁean for all females was 4..92. The p-value was greater thaﬁ 0.05.

Hypothesis 1D.2 ‘

Hypothesis 1D.2 was iejected. There was a-'signiﬁc-ant difference among the
means of the four groups in acﬁjeveﬁlent in\understa.mding the meaning of tﬁe shépe and
features of a graph: The means for the four groups were 4.62 (MATH 130), 5.39 (MATH
131),5.29 (E]jEL 333) and 4.71 (EDEL 4IQ). The i)—value was less than 0.05.

A Newman-Keuls post hoc multi comparison statistic Wés utilized to test all
possible pair wise hypotheses. The means of MATH 130 and EDEL 410 were both less
than the ﬁems of EDEL 333 and MATH 131. |
| Hypothesis 1E

Hypothesis 1E was retained. Group and gender did not significantly interact on
achievement in compariﬁg centers, spreads, and graphical representations of related data
sets. The p-value for interactién exceeded 0.05.

Hypothesis 1E.1

Hypothesis 1E.1 was retained. There was no significant difference between the

mean of all males and the mean of all femafes in achievem.ent in éémparing centers,

spreads, and graphical representations of related data sets. The mean of all males was

2.97 and the mean for all females was 3.01. The p-value was greater than 0.05.
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Hypothesis 1E.2

Hypothesié 1E.2 was retained. There was no significant difference among the
means of .the four groups in achievement in comparing centers, spreads, and graphical
representations of related daté sets. The means for the four groups were 2.78( MATH
130), 2.95 (MATH 131), 3.12 (EDEL 333) and 3.12 (EDEL 410). The p-value was
greater than 0.05.
Hypothesis IF

Hypothesis 1F was retained. Group and gender did not significantly interact on
achievement in using scatter'plofs and lines of best fit. The p-value for interaction
exceeded 0.05.
Hypothesis 1F.1

Hypothesis 1F.1 was retained. There was not a significant difference between the
meén of all males and the mean of all females in achievement in using scatter plots and
lines of best fit. The p-value exceeded 0.05.
Hypothesis 1F.2

Hypotﬁesis 1F.2 was rejected. There was a éigniﬁcant amoﬁg the means of the
four groups in achievement in using scatter plots and lines of best fit. The means for the’
four groups were 7.26 (MATH 130), 8.10(MATH 131), 8.10(EDEL 333) and 7.25
(EDEL 410). The p-value was less than 0.05. !
A Newmal;—Keuls post ho<': multi comparison. statistic was utilized to test éll

possible pair wise hypotheses. The means of MATH 130 and EDEL 410 were both less

than the means of EDEL 333 and MATH 131.
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Table 2. Summary of Analysis of Variance Comparing Effect of Group Membershlp and
Age on Achievement

Source df MS F-ratio P-value

Overall Achievement (Hyp 2A) .
Group 3 126.079 6.876 .000
Age 1 154 008 . -.927
Group*Age 3 © 7172 391 .760
Error 224 18.335

Sub test 1 Achievement (Hyp. 2B) .
Group 3 22.190 4.030 .008
Age . 1 .08174 .015 903
Group*Age 3 5.845 '1.062 366
Error . 224 5506 g

Sub test 2 Achievement (Hyp. 2C) : N . ,
Group 3 13.644 12.612 .000
Age 1 05664 .052 .819
Group*Age _ 3 1.420 1.313 271
Error 224 - 1.082

Sub test 3 Achievement (Hyp. 2D) : \
Group 3 4.803 5.127 .002
Age 1 .694 741 390
Group*Age 3 483 516 672
Error ' 224 937

Sub test 4 Achievement (Hyp 2E)
Group 3 1.238 1.573 197
Age 1 01111 .014 .906
Group*Age 3 .02569 .033 .992
Error . 224 787 ' '

Sub test 5 Achievement (Hyp. 2F) :
Group : 3 7.963 3.252 .023:
Age 1 374 153 .696
Group*Age : 3 820 335 .800
Error ' 224 2.449 '

Hypothesis 2A

Hypothesis 2A was retained. Group and age did not significantly interact on

overall achievement. The_p-{zalue exceeded 0.05. .
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Hypothesis 2A.1
Hypothesis 2A.1 was retained. There was no significant difference between the

¢ S
mean of all traditional age students and the mean of all nontraditional age students in

overall achievement. The mean of traditional age students was 22.41 and the mean of -

nontraditional age students was 21.7619. The p-value exceeded 0.05.
Hypothesis 2B |

Hypothesis 2B was retained. Group and age did not significantly interact on
achievement whén finding, describing and interpreting mean, median and mode. The p-
value was greater than 0.05.
Hypothesis 2B.1

Hypothesis 2B.1 ‘was retained. There Was 10 significant difference between the
mean of all traditional age students and the mean of all nontraditional age stﬁdents n
achievement when finding, describing and interpreting mean, median and mode. The
mean of traditiona} age students was 6.37 and the mean of nontraditional age studepts
" was 6.00. The p-value exceeded 0.05.
Hypothésis 2C

,Hypbtﬁesis 2C was retained. Group and age did ﬁot signiﬁcantly intgract on
achievement in interpreting the spread of a set of data. The p-value exceeded 0.05 ..
~ Hypothesis 2C.1

Hypothesis 2C.1 was retained. There was no significant difference between the
mean of all traditional age studeﬁts and the mean of all noptraditional a'ge students in

achievement in interpreting the spread of a set of data. The mean of traditional age
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students was 3.41 and the mean of nontraditional age students was 3.24. The p-value
exceeded 0.05.
Hypothesis 2D

Hypothesis 2D was retained. Group and aée did not significantly interéct on
achievement in undefstandjng the meaning of the shape and features of a gr‘aph. Thé p-
value exceeded O..OS. o | |
Hypothesis 2D.1

Hypothesis 2D.1 was retained. There was no significant djffereﬁce between the
mean of all traditional age students and the mean of all nontraditional age stu‘dents n
achievement in understanding the meaning of the shépe and features of a graph. The
mean of traditional age students was 4.93 and the mean of nontraditional age students
was 5.05. The p-value exceeded 0.05.
| Hypothesis 2E

Hypothesis 2E was retained. Group and age did not significantly interact on
achiévement 111 comparing centers, spreads, and graphical representations of related data
sets. The p-value exceeded 0.05.
Hypothesis 2E.1

Hypothesis 2E.1 was retained. There was no significant difference betWeen the
mean of all traditional age étudents and the mean of all nontraditional age students in
_achievement in comparing centers, sprgads, and graphical representations of related data
sets. The mean of traditional age students was 3.00 and the mean of nontraditional age ‘

‘students was 3.05. The p-value exceeded 0.05.
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Hypothesis 2F

Hypothesis 2F was .retained. Group ahd age did not significantly interact on :
achievement in using scatter plots and lines of best fit. The p-value exceeded 0.05.
Hypothesis 2F.1

Hypothesis 2F.1 was retained. There was no significant difference between the
mean of all traditional age students and the mean of all nontraditionai age students in
achievement in using scatter plots and lines of best fit. The méan of traditional age'
students was 7.64 and the mean of nontraditional age stud;ants was 7.38. The p-value

exceeded 0.05. :




57

Table 3. Summary of Analysis of Variance Comparing Effect of Group Membership and
Degree of High School Mathematics Preparation on Achievement

Source A df MS F-ratio P-value
Overall Achievement (Hyp. 3A)
Group ' 3 225.668 13.070 .000
HS preparation 2 92.662 5.367 .005
Group*HS preparation . 6 14.574 .844 537
Error 220 17.265 '
Sub test 1 Achievement (Hyp. 3B) ~
Group 3 50.445 9.336 .000

‘HS preparation - 2 17.465 3.232 041
Group*HS preparation 6 3.526 .653 .688
Error . 220 5.404

Sub test 2 Achievement (Hyp. 3C)

Group 3 11.764 11.220° .000
HS preparation 2 4.450 '4.244 .016
Group*HS preparation 6 813 7175 .590
Error , : 220 1.048

Sub test 3 Achievement (Hyp. 3D) ‘

. Group 3 4.442 4.827 .003
HS preparation 2 3.114° 3.384 036 .
Group*HS preparation 6. 357 388 .886 .
Error ' : 220- 920

Sub test 4 Achievement (Hyp. 3E)

Group . 3 2.907 3.771 011
HS preparation 2 -1.186 1.539 217

" Group*HS preparation 6 611 793, 577

" Error 220 a7
Sub test 5 Achievement (Hyp. 3F)

Group’ 3 11.827 4.966 .002
HS preparation 2 3.660 1.537 217
Group™*HS preparation 6 2.203 925 478
Error : 220 2.382

Hypothesis 3A

Hypothesis 3A was retained. Group and degree of high school mathematics

preparation did not significantly interact on overall achievement. The p-value exceeded

0.05.
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Hypothesis 3A.1

Hypothesis 3A.1 was r@jected. There was a significant difference among the
means of basic, average and advanced degree of high school mathematics preparation in
overall achievement.” Thé mean of students with basic high school preﬁa:ration was 20.53.
The mean of students with avera-ge high school preparation was 21.60 and the mean of
students with advanced high school prepa‘ration was 23.5.  The p-value was less than |
0.05.

A Newman—Keuié post hoc multi comparison statistic was utilized to tést all
possible pair wise hypotheses. The mean of stﬁdents with basic high school preparation
was significantly lower than both the means of students with average high school

preparation and those students with advanced hi gh school preparation.

Hypothesis 3B

Hypothesis 3B was retained. Group and degree of high school rﬁathematics
preparation did not significantly interact on ;cl_chievement when finding, describing and
interpreting mean, médi:an and mode. The p-value exceeded 0.05.

Hypothesis 3]‘3.1-
Hypothesis‘3B.1 was rejected. There was a significant di-fference among the .

mean of basic, average and advanced degree of high school mathematics preparation in

“achievement when finding, describing and interpreting mean, median and mode. The

mean of students with basic high school preparation was 5.67. The mean of students with
average high school preparation was 6.01 and the ,Ihean of students with advanced high

school preparation was 6.83. The p-value was less than 0.05.
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A Newman-Keuls post hoc multi compatison statistiq was. utilized to teét all
possible pair wise hypotheses. No pair wise comparisons showed a significant difference
In means.
Hypothesis 3C |

Hypothesis 3C was retained. Group and degree of ﬂigh school mathematics
preparation did not significantly interact on achievement in interpreting the spread of a
set of data. The p-value exceeded 0.05. |
Hypothesis 3C.1

Hypdthesis 3C.1 was rejected. There was a significant difference among the.
means of basic, average and advanced degree of high school mathematics preparation in
achievement 1n interpreting the spread .of a set of data. The mean of students with basic-
high s'chool preparation was 3.07. The mean of students with average high school
preparation was 3.24 and the mean of students with advanced high school preparétion
was 3.64. The p-value was less than 0.05.

A Newman-Keﬁls post. hoc multi compa'rison statistic was utilized to test all
possible pair wise h‘ypotheses. The mean of students with basic high schoolg preparation
was significantly lower than both the meaﬁs of students with average high school
preparation and those students with advanced high school préparation. |
Hypothesis 3D |

Hypothesis 3D was retained. Group and degree of high school mathematics
preparation did not significantly interact on achievement in understanding the meaning of

the shape and features of a graph. ‘The p-value exceeded 0.05.
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Hypothesis 3D.1

Hypothesis 3D.1 was rejectéd. There was a significant difference amdng'the
meaﬁs of basic, average and advanced degree of high school mathematics preparation in
achieverﬁent n understanding'the meaﬁing of the shape and features.of a graph. Th;
mean of students with basic high school prépafation was 4.80. The mean of students with
-average high school preparation was 4.79 and the mean of studgﬁts with advanced high
school preparation was 5.15. The p-value was less than 0.05.

'A Newman-Keuls post hoc multi comparison stéti§tic was utilized to test all
possible pair wise hypotheses. No pair wise comparisons showed significant differences
in means. |
Hypothesis 3E

Hypothesis 3E was retained. _Group and degree of high school mathematics
preparation did not signiﬁcantly interact on achievement in comparing centers, spreads,
and graphical representations of related data sets. The p-value exceeded 0.05.

Hypothesis 3E.1

Hypothesis 3E.1 was retained. There was no significant difference among the -
means of basic, average and advanced degree of high school mathematics preparation in
achievement in comparing centers, spreads, and graphical fepresentations of related data

sets. The p-value exceeded 0.05.
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Hypothesis 3F

Hypothesis 3F was .retaingd. Group and ‘degree of high school mathematics
preparation did not signiﬁcantly iﬁteract on achievement in using scatter plots and lines
of best fit. The i)~value exceeded 0.05. . |

Hypothesis 3F.1

Hypothesis 3F.1 was retained. There was no significant difference among the
means of basic, average and advanced degree of high school mathematics preparation in

achievement in using scatter plots and lines of best fit. The p-value exceeded 0.05.
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Table 4. Summary of Analysis of Variance Comparing Effect of Group Membership and
Number of College Math and/or Statistics Classes Taken on Achievement

Source df MS F-ratio P-value

Overall Achievement (Hyp. 4A) ”
Group 3 84.406 5.017 .002
College math/stat classes 4 40.307 2.396 .052
Group*College math/stat classes 12 25.876 1.538 112
Error 212 16.826

Sub test 1 Achievement (Hyp. 4B)
Group 3 23.965 4.634 .004
College math/stat classes 4 5.485 1.061 377
Group*College math/stat classes 12 9.514 1.840 .044
Error 212 5.172

Sub test 2 Achievement (Hyp. 4C)
Group 3 3.065 3.026 .031
College math/stat classes 4 3.150 3.110 .016
Group*College math/stat classes 12 1.336 1.319 209
Error 212 1.013

Sub test 3 Achievement (Hyp. 4D)
Group 3 4.892 5.274 .002
College math/stat classes 4 920 992 413
Group*College math/stat classes 12 946 1.020 432
Error 212 927

Sub test 4 Achievement (Hyp. 4E)
Group 3 1.474 1.891 132
College math/stat classes 4 733 941 441
Group*College math/stat classes 12 588 755 .696
Error 212 779

Sub test 5 Achievement (Hyp. 4F)
Group 3 3.933 1.649 179
College math/stat classes 4 3.947 1.655 162
Group*College math/stat classes 12 1.989 .834 .615
Error 212 2.385

Hypothesis 4A

Hypothesis 4A was retained. Group and number of college math and/or statistics

classes taken did not significantly interact on overall achievement. The p-value exceeded

0.05.
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Hypothesis 4A.1

Hypothesis 4A.1 was rétainéd. There was not a significant difference among the
means of different number of college mathematics and/or statistics classes taken in
overall achievement. The p-value exceeded 0.05.
Hypothesis 4B |

Hypothesis 4B retained. ~ Group and number of college math and/or statistics
classes taken did not significantly interact on achievement when finding, describing and
interpreting méan, median and mode. The p-value exceeded 6,05.
Hypothesis 4B.1

Hypothesis 4B.1 was retained. There was not a signiﬁéant difference among the
means of different number of college -mathematics and/or statistics classes taken
achievemént when ﬁnding, describing and intefpreting mean, median and mode. The p-
value exceeded 0.05.
Hypothesis 4C

Hypothesis 4C was retained. Group and number of college math and/or statisﬁcs
classes taken did not signiﬁcéntly interact on achiévement in interpreting the spread ofa
set of data. The p-value exceeded 0.05.
Hypothesis 4C.1

Hypothesis 4C.1 was rejected. There was a significant difference among..the
means of different number of college mathematic.s and/or statistics classes taken in
achievement in interpreting the spread of a set of data. The mean of students who took

no college math and/or statistics classes was 3.15. The mean of students who took one
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college math a:hd/or statistics classes was 3.37. The mean of students who took two
college math and/or statistics classes was 3.97. _ The mean of stud_ents WhQ took three
college math and/or statistics classes was 3.63. The mean of studenté who took four or
more colleée math and/or statistics classes was 4.2'0.

A Newman-Keuls post hoc multj comparisoh statisﬁc was utilized to test all
possible pair wise hypotheses. The mean of students who took no college math and/or
statistics classes was significantly lower than both the mean of students who took three
college math and/or statistics classes and the mean of students who took four or more
college math and/or statistics claéses. The mean of students who took one college math
and/or statistics class was signiﬁcantly'lower‘ than the mean of students who took four or
more coilege math and/or statistics. classes. |
Hypothesis 4D - ‘

. Hypothesis 4D Was' retained. Group and number of collgge math and/or statistics
classes taken did not signiﬁcantly interact on achievement in understanding th¢ meaning
of the shape and features of a graph. The p-valug gxceedéd 0.05.

Hypothesis 4D.1 .

Hypothesis 4D.1 was retained. There was no significant difference among the-

means of different number of colleg¢ mathematics and/or statistics classes taken in

achievement in understanding the meaning of the shape and features of a graph. The p-

value exceeded 0.05.
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Hypothesis 4E
_ Hypothesis 4E was retgined. Group and number of college math énd/or statistics

classes taken did not significantly interact on achievement in comparing centers, spreads,
and graphical representations of related data sets.’ The p-value exceeded _0.05.-
Hypdthesis 4E.1

Hypothesis 4E.1 was retained. There was no signiﬁcant difference among the
means of different number of college mathematics and/or gtatistics classes taken in
achievement in comparing centers, spreads, 'and graphical representations of related da’;a
| sets. The p-value exceeded 0.05.
Hypothesis 4F

Hypothesis 4F was retained. Group and number of college math and/or statistics
classes taken did not signiﬁcanﬂy interact on échievement in using scatter plots and lines
of best fit. The p-value exceeded 0.05. |
Hypothesis 4F.1

Hypothesis 4F.1 was retained. There was no significant difference among the
means of different number of college mathemétics and/or statistics classes taken in

achievement in using scatter plots and lines of best fit. ‘The p-value exceeded 0.05.
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/Table 5. Summary of Analysis of Variance Comparing Effect of Group Membership and
Enrollment in Elementary Education Math Option on Achievement

Source df - MS . F-ratio P-value

Overall Achievement (Hyp. SA) ‘

Group 3 67.627 3.774 011
Math option 4 23.961. 1.337 257,
Group*Math option 4 9.893 552 .698.
Error 220 17.919

Sub test 1 Achievement (Hyp 5B) ' ‘

Group 3 18.801 - 3.437 .016
Math option 4 4.266 780 539
Group*Math option 4 3.829 .700 593
Error 220 5.470 -

Sub test 2 Achievement (Hyp. 5C)

Group 3 3.244 2.973 033 |
Math option 4 1.080 .990 414
Group*Math option 4 594 544 703
Error - 220 1.091 ‘

Sub test 3 Achievement (Hyp. 5D) : ,
Group 3 2.705 2.882 .037
Math option ' 4 431 459 766
Group*Math option . 4 233 249 910
Error 220 938

Sub test 4 Achievement (Hyp. 5E) ~
Group 3 1.950 2.512 .059
Math option 4 340 439 781
Group*Math option 4 1.020 1.314 .266
Error 220 776 ‘

Sub test 5 Achievement (Hyp. 5F) ' ‘

Group ' 3 2.174 .878 453
Math option : 4 1.931 781 539 .
Group*Math option 4 . .59 . 239 916
Error 220 2.474

Hypothesis SA

Hypothesis 5A was retained. Group and whether or not the student was in the
~ Elementary Education Program math option did not significantly interact on overall

achievement. The p-value exceeded 0.05.
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Hypothesis 5A.1 ‘.

Hypothesié 5A.1 was retained. There was no éigniﬁcant differenc‘e among the
means students enrolled in the math optipn, those who are not enrolled in the math opti.on
and those who are undecided in overall achievemént_. The p~va1u'e. exceeded 0.05.
Hypothesis 5B |

Hypothesis 5B was retained. Group and whether or not the student was in the
Elementary Educat.ion Program math option did not significantly interact on achievement
when finding, describing and interpreting mean, median and mode. The p-value exceeded
0.05.

Hypothesis 5B.1

Hypothesis 5B.1 was retained. There was no significant différence among the
means students enrolled in the math option, those who are not enrolled in the math option
and those who are undecided .achievement when finding, .describing and .interpréting
mean, median and mode. The p-value exceeded 0.05.

Hypothesis 5C
| Hypothesis 5C was retained.  Group and whether or not the studeﬁt was in thé
Elementary Education Program math option did not significantly interact on ‘achievement
in interpreting the spread of a set of data. The p-value exceeded 0.05.
Hypothesis 5C.1 |
Hypothesis 5C.1 was retained. There was no significant difference amoﬁg the

- means students enrolled in the math option, those who are not enrolled in the math option
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and those who are undécided in achievement in interpreting the spréad of a sef of data.
The p-value exceeded 0.05. | |
Hypothesis 5D

Hypothesis SD was retained. Grouﬁ and whether.or not the student was in the
Elementary Education Program math option did not significantly intgract on achievement
in understanding the meaning of the shépe and features of a graph. The p-value exceeded
0.05.
Hypothesis 5D.1

Hypothésis 5D.1 was retained. There was 1o significant difference among the '
means students enrolled in the math option, those who are not enrolled in the math option
and those who are undecided in achiévement n uﬁderstandipg the meaning of the shape
and features of a graph. Tl_le p-_valﬁe exceeded 0.05.
Hypothesis 5SE |

Hypothesis 5E was retained. Group and whether or not the student was in the
Elementary Education Program math optioﬁ did not signiﬁcantiy interact on achievement
in comparing centers, spreads, and graphical representations of related data sets. The f)—
value exceeded 0.05.
Hypothesis SE.1

Hypotﬁesis 5E.1 was ‘retained. Th(;re was no significant difference among the
means students énrolled in the .math. option, those who are not enrolled in the math option
and those who are undecided in achievement in comparing centers, spreads, and graphical

representations of related data sets. The p-value exceeded 0.05.
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Hypothesis SF

Hypofchesis 5F Waé retained. Group and whether or not the student was in the
Elementary Education Program mgﬁh option did not significantly interact on achievement
in using scatter plots and lines of best fit. The p-value exceeded 0.05.
Hypothesis 5F.1

Hypo1.:hesis SF.1 was retained. . There was no signiﬁgant difference among the
Iﬁeans of students enrolled in the math option, those who are not enrolled in the math
option and these who are undecided in achievement in using scatter plots and lines of

best fit. The p-value exceeded 0.05.
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Table 6. Summary of Analysis of Variance Comparing Effect of grade taught while
student teaching and whether or not they taught math while student teaching on

Achievement

Source df MS - F-ratio P-value

Overall Achievement (Hyp. 6A)
Grade taught 2 5.590 241 787
Taught math 1 273 012 914
Grade taught*Taught math 1 34.177 1.476 231
Error 44 23.157

Sub test 1 Achievement (Hyp. 6B)
Grade taught 2 1.089 .142 .868
Taught math 1 2.663 348 558
Grade taught*Taught math 1 3.554 464 499
Error ‘ 44 7.654

Sub test 2 Achievement (Hyp. 6C)
Grade taught 2 237 187 .830
Taught math 1 .0012 .010 922
Grade taught*Taught math 1 1.265 999 323
Error 44 1.267

Sub test 3 Achievement (Hyp. 6D)
Grade taught 2 962 1.282 288
Taught math 1 7.084 9.446 .004
Grade taught*Taught math 1 145 .193 .663
Error 44 750

Sub test 4 Achievement (Hyp. 6E)
Grade taught 2 1.431 1.975 151
Taught math 1 508 701 407
Grade taught*Taught math 1 508 701 407
Error 44 725

Sub test 5 Achievement (Hyp. 6F)
Grade taught 2 1.586 449 641
Taught math 1 486 138 712
Grade taught*Taught math 1 7.426 2.104 154
Error 44 3.529

Hypothesis 6A

Hypothesis 6A was retained. Grade taught while student teaching and whether or

not the student teacher taught math did not significantly interact on overall achievement.

The p-value exceeded 0.05.
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Hypothesis 6A.1

Hypothesis 6A.1 was retafned. ‘There was no significant difference among the
means of student teachers in grades PreK—Z, 3-5 and 6-8 in overall achievement. Th;e
mean of student teachers in grades PreK—Z was 21.06, the mean of student teachers in
grades 3-5 was 22.46, and the mean of sfudent teachers iﬁ grades 6-8 wag 19.88. The p-
value exceeded 0:05.
Hypothesis 6A.2

Hypothesis 6A.2 was retained. There was no significant difference between the

means of those who taught math while student teaching and those who did not teach math .

while student teaching in overall achievement. The mean of those who taught ﬁqath while
student teaching was 21.83 and the mean of those who did not teach math while student
teaching was 19.86. The p—value. exCeeded-O;OS.
Hypothesis 6B |
| Hypothesis 6B was retainea. Grade taught while student teaching and whether or
not tllle student teacher taught méth did not significantly interact on athevement when
finding, describing and interpreting mean, median aﬁd mode. The p-value exceeded 0.05.
‘Hypothesis 6B.1
Hypothesis 6B.1 was retained'. .There was no significant difference among the
- means of student teachers in grades PreK-2, 3-5 and 6-8 in achievement ‘when finding,
describing and interpreting mean, median and mode. The mean of student teachers in
grades PreK-2 was 5.82, the mean of ‘studenf teachers. in grades 3-5 was 6.25, and the

mean of student teachers in grades 6-8 was 5.88. The p-value exceeded 0.05.
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Hypothesis 6B.2

Hypothesis 6B.2 was retained. There was no significant difference between the
means of those who taught math while student teaching and those who did not teacl_l math
while student teaching in achievement when finding, describing and interpreting fnean,
median and mode. The mean of those who faught math while student teaching was 6.02 ‘
and the mean of those who did not teach math while student teaching was 6.14. The p-

“value exqeéded 0.05. |

Hypothesis 6C

Hypothesis 6C was retained. Grade taught while student teaching and whether or
not the student teacher’ taught. math did not significantly interact on achievemen’; in
interpreting the spread of a set of data. The p-value exceeded 0.05.
Hypothesis 6C.1

-Hypothesis 6C.1 was retained. There was 1o sigmﬁcant,difference among the -
means of student teachers in grades PreK-2, 3-5 and 6-8 in achievement in intérpreting
the spread of a set of data. The mean of student teachers in grades PreK-2 was 3.24, the
méan of student teachers in grades 3-5 was 3.54, and the mean of student teachers in
grades 6-8 was 3.00. The p-value gxceedéd 0.05.
Hypothesis 6C.2

Hypothesis 6C.2 was retained. There was no sigrﬁﬁcanf difference between the
means of those who taught.math while student teaching and those who aid not teach math

while student teaching in interpreting the Spread of a set of data. . The mean of those
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who taught math while student teaching was 3.40 and the mean of those who did not
teach math Wi]ile student teaching was 3.00. Thé p-value exceeded 0.05.
Hypothesis 6D |

Hypothesis 6D was rétained. Grade taught while stll.dent"teacﬁing and whether or
not the student teacher -taught math did not significantly interacf oﬁ achievement in
understanding the meaning of the shape and feétures bf a graph. - The p-value exceeded
0.05.
Hypothesis 6D.1

Hypothesis 6D.1 was retained. There was no signiﬁée_mt difference among the
means of student teachers in 'grades PreK-2, 3-5 and 6-8 in achievement in understanding
the meaning of the shape and features of a graph. Tile mean of student teachers in grades
PreK-2 was 4.88, the mean of student teachers in gradgs 3-5 was 4.75, and the mea;n of
student teachers in grades 6-8 was 4.38. The p-value exceeded 0.05.
~ Hypothesis 6D2

H}}pothesis 6D.2 was rejected. There was a significant difference between the
means of those who t.aught math while student tea‘ching and those who did not teach math
while student teaching in achievement in understa:ndiﬂg the ﬁeaning of the shape and
features of a graph. The mean of those who taught math while student teaching was 4.88
and the mean of those who did not teach math while student teaching was 3.86. The p-
'~ value less than 0.05.
A Newman-Keuls post hoc multi corﬁparison statistic was uiilized to test all

possible pair wise hypotheses. The mean of students who taught math while student
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teaching was éigm'ﬁcanﬂy higher than the means of studenté who did not teach math
while student teaching,
Hypothesis 6E

Hypothesis 6E was retained. Grade_ taught while student teaching and whether or
not the student teacher taught math did-not significantly interact on achievemen.t in
comparing centers, spreads, and graphical representations of related data sets. The p-
value exceeded 0.05.
Hypothesis 6E.1

Hypothesis 6E.1 was retained.. There was no significant difference among the
means of student teachers in grades' PreK-2, 3-5 and 6-8 in achievement in comparing
centers, spreads, and gaphical representations of related data sets. The mean of student
teachers in grades PreK-2 was 3.12, the mean of student teachers in grades 3-5 was 3.29,
and the mean of student teachers in grades 6-8 was 2.50. The p-value exceeded 0.05.
Hypothesis 6E.2

Hypothesis 6E.2 was retained. There was no significant difference between the
means of those who tanght math 'While student feaching and thdse who did not teach math
while student t‘eaching in achievement in comparing centers, spreads and graphical
representations of related data sets. The mean of those who taught math while student
teaching was 3.17 and the mean of those who did not teach I'n.ath while éﬁdeﬁt teaching

was 2.71. The p-value exceeded 0.05.
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~ Hypothesis 6F
| Hypothesis 6f was retained. Grade téught while student teaching and whether or

not the student teacher taughi math did not significantly interact on achievement in using
sca&er plots and lines of beét fit. The p-value exceeded 0.65 |
Hypothesis 6F.1 |

Hypothesis 6F.1 was retained. There was no significant difference among the
means of student teachers in grades PreK-2, 3-5 and 6-8 in achievement in using scatter
plots and lines of best fit. The mean of student teachers in grades PreK-2 was 6.88, the
mean of student teachers in grades 3-5 was 7.71, and the ﬁaean of student teachers in
grades 6-8 was 6.50. The p-value excf;eded 6.05. . |
Hypothesis 6F.2

Hypothesis 6F.2 was retain-ed. There was no significant difference between thé
means of those who taught math while studenf teaching and those who did not teach math
v;rhile student teaching in achievement in using scatter plots énd lines of best fit. . The
mean of those who taﬁght math while student teaching was 7.33 and the mean of those

who did not teach math while student teaching was 6.57. The p-value exceeded 0.05.
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Multiple Regression Analyses

Hypothesis 7A
Table 7. Model Summary for Total Score
Std. Error
of the
Model R R? Adjusted R? Estimate
1 350% 123 .009 4.5179

a. Predictors: (constant), math option, age when enrolled in MATH 130, # college
math/stat classes taken, gender, level of HS preparation, group-class

Téble 8. ANOVA for Total Score

Sum of Mean
Model Squares df Square F p-value
Regression 642.504 6 107.084 5.246 .000
Residual | 4592.513 225 20.411 e
Total 231

5235.017

Hypothesis 7A was rejected. The set of indep.endent variables (gender, age when
enrolled in MATH 130, number of high school math classes taken and passed, number of
college math and or statistics classes taken and passed, Whether or not the student vs}as'
enrolled in Flementary Education program math option) did explain a significant
proportion of the variability in overall achievement. The set of independent variables
.explain 12.3 % of the variability in total score among the elementary education majors.

The p-value was less than 0.05.
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Hypothesis 7B

Table 9. Model Summary for achievement when finding, describing and interpreting
mean, median and mode

' Std. Error
Model R R? Adjusted R? Estimate
I 280° 079 | 054 2.4864

a. Predictors: (constant), math option, age when enrolled in MATH 130, # college
math/stat classes taken, gender, level of HS preparation, group-class

Table 10. ANOVA for achievement when finding, describing and interpreting mean,
median and mode )

Sum of Mean
Model Squares df Square F p-value
Regression 118.749 6 19.792 3.201 .005
Residual | 1391.027 225 6.182
Total | 1509.779 231

Hypothesis 7B was rejected. The set of independent variables (gender, age when
enrolled in MATH 130, number of high school math classes taken and passed, number of
college math and or statistics classes taken and passed, and whether or not the student
was enrolled in Elementary Education program math option) did explain a significant
proportion of the variability in achievement when ﬁnding, describing and interpreting
mean, median and mode. The set of independent variables explain 7.9 % of the
variability in achievement when finding, describing and interpreting mean, median and

mode among the elementary education majors. The p-value was less than 0.05.

Hypothesis 7C
Table 11. Model Summary for achievement in interpreting the spread of a set of data
Std. Error
Model | R R? Adjusted R? Estimate
1 372° . 138 115 1.1098

a. Predictors: (constant), math option, age when enrolled in MATH 130, # college
math/stat classes taken, gender, level of HS preparation, group-class
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Table.12. ANOVA for achievement in 1nterpret1ng the spread of a set of data

Sum of Mean
Model Squares df Square F p-value
Regression 44.409 6 7.401 6.010 .000
Residual 277.108 225 , 1.232
Total | 321517 | 231 -

Hypothesis 7C was rejected. The set of independent variables (gender, agé when
enrolled in MATH 130, number of high school math classes taken and passed, number of
college math and or sta’.cistics classes taken and passed, and whether or:not the student
. 'was enrolled in Elementary Education prégram math option) did exﬁlain a significant
proportion of the Vaﬁability -in achievement in interpreting the spread of a set .of data.
The set of illlde.pendent variables explain '7.9 % of the variability in achievement in
interpreting the spread of a set of data among the elementary éducation majors. The p-
value was less than 0.05. |
Hypothesis 7D

Table 13. Model Summary for achievement in understanding the meaning of the shape
and features of a graph

Std. Error
, ‘ of the
Model R R2 Adjusted R? Estimate
1 .225% .051. 051 - 1.0026

- .a. Predictors: (constant), math option, age when enrolled in MATH 130, # college
math/stat classes taken, gender, level of HS preparation, group-class

Table 14. ANOVA for achievement in understanding the meamng of the shape and

features of a graph ,
Sum of . Mean .
Model Squares | df Square - F p-value
Regression 12.078 6 ‘ 2.013 2.002 .066
Residual 226.194 225 1.005
Total 238.272 231
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Hypothesis 7D was retained. The set of independent variables (gender, age when
enrolled in MATH 13'0., number of high school math classes taken and passed, ﬁumber of
college math and or statistics classes taken and passed, and whether or not the student
was enrolled in Elementary Education program math option) did not explain a signiﬁéaht
proportion of the Variability.in achievement in understanding the meaning of the shape
and features of a graph. The p-value was greater than 0.05.

Hypothesis 7E

Table 15. Model Summary for achievement in comparing centers, spreads, and graphical
representations of related data sets

Std. Error

' ofthe

Model - R R* - Adjusted R? Estimate
1 253% 064 039 8772

a. Predictors: (constant), math option, age when enrolled in MATH 130, # college
math/stat classes taken, gender, level of HS preparation, group-class.

Table 16. ANOVA for achievement in comparing centers, spreads, and graphical
representations of related data sets

Sum of Mean
Model Squares df ~ Square F p-value
Regression 11.869 6 1.978 2.571 .020
Residual 173.127 225 .769
Total 184.996 231 .

Hypothesis 7E was fej ected. The set of independent variables (gender, age when
enrolled in MATH 130, ﬂumber of high school math classes taken aﬂd passed, number of
college math and or statistics classes taken and pas_séd, and whether or not the student
was enrolled in .Elementary Educa;[ion program math option) did explain a significant
proportion of the variability in achievement in cc;mparing centers, spreads, and graphical

representations of related data sets. The set of independent variables explain 6.4 % of the
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variability in achievement in comparing centers, spreads, and graphical representations of

related data sets among the elementary education majors. The p-value was less than 0.05.

Hypothesis 7F
Table 17. Model Summary for achievement in using scatter plots and lines of best fit
' Std. Error -
' of the
Model R R? - Adjusted R? . Estimate
1 260" .068 .043 1.5671

a. Predictors: (constant), math option, age when enrolled in MATH 130, # college

math/stat classes taken, gender, level of HS preparation, group-class

Table 18. AN OVA for achievement in using scatter plots and lines of best fit

Sum of Mean
Model Squares df Square F p-value
Regression | 40.069 6 6.678 2.719 .014
Residual | 552.551 225 2.456
Total 592.621 231 ‘

Hypothesis 7F was rejected. The set of independent variables (gender, age when
enrolled in MATH 130, number of high scﬁdol mafh classe;s faken and passed, ﬁumber of
cc;llege math and or statistics classes taken and passed, and whether or not the student.
was enrolled in El_ementary Education program math optioﬁ) did explain a significant '
proportion of the variability in achievément: in using scatter plots and lin;as of best fit. ‘Tl"le
set of independent variables explain 6.8 % of the variability in achievgment n using
scatter plots and lines of best fit among the eler'rlental;y education majofs. The p-value

was less than 0.05.
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Descriptive Statistics for Short. Answer Questions

All short answer (interpretive) questions were scored with a speciﬁc rubric that
followed the same basic pattern:

no answer
wrong answer

right answer, no explanation

right answer, partial /unclear explanation
right answer, complete/clear explanation-

SNAEBPND =

The researcher calculated the total poipts each student received on the short answer
(interpretive) questions and then used a one-way ANOVA to determine if there were
significant differences among the means of the four groups. There was a significant
difference among the means of the four groups in total short answer achievement. The
means for the four groups were 22.60 (MATH 130), 25.29 (MATH 131), 26.57 (EDEL
333) and 24 08 (EDEL 410). The p-value was less than 0.05.

Table 19. ANOVA for total score on interpretive questions

Sum of Mean
Squares - df Square ¥ p-value
Between Groups 578.337 3 192.779 11.423 - .000
Within Groups | 3847.939 228 16.877 : ‘
Total | 4426.276 231

A. Newman-Keuls post hoc multi comparison statistic was utilized to test all
possible pair wise hypotheses. The mean of students in MATH 130 wa; significantly less
than students who were in MATH 131 and EDCI 333. The mean of students in EDCI
410 was significantly less than sfudents in EDCI 333 and the mean of stﬁdents iﬁ MATH

131 was significantly less than the mean of students in EDCI 333.
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Summary

This research used one- and two-way analyses of variance and .multiple
regressions to test eighty-nine individual hypotheses. Seventeen of the hypotheses were

rejected while seventy-two. were retained.
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CHAPTER 5

SUMMARY, IMPLICATIONS, AND RECOMMENDATIONS

Summary of the Study

This study was designed to investigate whether elementary education majors in
the Montana State University Teacher Education Program acquire and retain knowledge
of statistical data analysis concepts and skills consistent with expectations specified in
NCTM Principles and Standards: A Discussion Draft (1998). In particular, this study
focused on student knowledge, mastery and retention of the following topics in statistical
data analysis: Finding, describing and interpreting mean, median and mode; interpreting
the spread of a set of data; understanding the meaning of the shape and features of a
graph; comparing centers, spreads, and graphical representations of related data sets; and
using scatter plots and lines of best fit. Relatively new areas of emphasis in elementary
education, these topics are discussed at length in the data analysis strand of Standard Five
of the National Council of Teachers of Mathematics' Principles and Standards: A
Discussion Draft (1998).

In order to sample student knowledge relative to statistical data analysis, a pool of
items was developed reflecting the content of this strand. Specific items were then
chosen from the pool and used in the construction of a research instrument which was a

written exam consisting of both demographic (4) and content (34) questions. Experts in
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mathematics education and statistics reviewed the individual items and overall
construction of the instrument to determine its validity. Subsequently, _additions and
revisiogs were made to the instrument in order to achieve a suitable overall coreposition
and format. A rubric was developed for scoring open-response, short answer items.
During the Summer Semester of 1999, a pilot study was conducted in order to determfne :
the reliability of the instrument. Final revisiens were then made to improve the
| instrument's overall reliability.

Data coliection took place during Fall Semester of 1999 in MATH 130 -
Mathematics for Elementary Teachers I, MATH 131 - Mathematics for Elementary
Teachers II, EDEL 333 - Teaching Mathematics, and EDEL 410 - Student Teaching. The
participants in the study were elementary education majo'rs currently eﬁolled in those
classes. At Montana State University, students in MATH 130 - Mathematics for
Elementary Teachers I and MATH 131 - Mathematies for Elem.entary Teachers II were
predominantly freshmen in their first two semesfers of college. Content for MATH 130
is primarily the real number system and algebraic concepts while MATH 131 focuses on |

_.geometry, statistics, and probability. Students in EDEL 333 - Teaching Mathematics
were juniors or seniors who student taught within the next two semesters The student
teachers had just completed their final semes}fer in the Elementary Education Program.
The data obtained were then analyzed usmg the SPSS statistical analysis program at
Montana State Umvers1ty and the ﬁndlngs were used to answer the study's research

questions.
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" Conclusions

This study sought to answer the question "'To what degree do studen%s enrolled in the
Elementary Education Progrém at Montana State Universit}'f - Bozeman acqujfe and
retain the statistical data analysis content.required for elementary and middle school as
defined 'by. the National Council of Teachers of Mathematicg?" Data obtained were used
to characterize the statistical data analysis k:nowiedge of pre-servicq elementary education
majors relativg to both group membership and specific demographic factors. While the
following analyses and conclusions discuss the answers to this question in detail, the
overall conclusion is clear: Whatever gains are achie;zed in MATH 131 - Mathematics for
‘ Elementary Teachers II are lost by the end_ of EDEL 410 - Student Teaching. .
Conseqﬁently, ’students gradu~atin'g from the Montana ‘State University élementary
education program do not possess the statistical data analysis knowledge required to meet
current professional étandards.

" This conclusion is troubling, given the many research findings and the
recommendations of important professional orgatﬁzations that stress the importance of a
- strong content knowledge 1l-)aSe for classroom teachers. Prospect.ive gradlll.ates of the

Montana State University Elementary Education Program do not have the knowledge that
the Standards recommend relative to statistical data analysis. In addition, participants aré
‘not uﬂifomly capableh in their abilities; there is approximately as much variability among

. all four groups. There was a significant difference among the achievement means of the
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four cla;ses. For example, Hypothesis 1A.2 showed a sig1ﬁﬁcant difference among the
means of the four groups in overall achievemeﬁt with respect to statistical data analysis.
The mean overall achievement of students in MATH 130 (19.91) was gathered to be used
as baseline data, indicating the statistical data analysis knowledge that éfudents had at the
beginning of the elementary education program. A significant increase was observed n
the m'ean of the students who had completed MATH 131(25.52). The mean achievement
score of students completing EDEL 333 (24.11) fell sligﬁtly, but not enough to. be
statistically significant. Howevér, an upsetting finding of this study was that the mean
achievement score of students who completed EDEL 410 (21.65) was significantly lower
than of the two preceding classes. As can be seen in the five-point summaries in Table
20 and the box-and-whisker plots in Figure 8, almost seventy—ﬁv.e percent of the students
in EDEL 410 écored lower than the upper'ﬁﬂy percent of students in MATH 131 and
lower than almost fifty percent of the students in EDEL 333.

Table 20. Five point summaries for Total Achievement excludihg outliers

"Minimum | First quartile | Median | Third quartile | Maximum

MATH 130 12 17 20 ‘ 23 29
MATH 131 . 19 ‘ 24 26 28 ‘ 32
EDEL 333 16 21 | 24 27 ’ 32

EDEL 410 13 19 22 25 29
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Figure 8. Box-and-Whisker Plots of Total Achievement
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' Similar results were obtained when .ana_lyzing the total score on the short answer
questions (See Table 21 and Figure 9). The bottom fifty percent of students in EDEL 410
scored i)elow almost sevel;ty five percent of the students in EDEL 333. The range of the
first and sec01'1d quartiles was nearly as great as that of the ﬁrst‘ and gecOnd quartiles of
MATH 136. | ' : |

Table 21. Five point summaries for Total score on short answer (interpretive) questions
excluding outliers ' '

. | Minimum | First quartile | Median | Third quartile | Maximum
MATH 130 13 20 24 25 ' 31
MATH 131 19 23.5 26° 28 ‘ 32
EDEL 333 20 25 : 27. 29 32
EDEL 410 14 20 25 : 29 ‘ 31
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Figure 9. Total score on short answer (interpretive) questions
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For many students, the contexts of statistical questions had little or no bearing on
their responses. For instance, in considering qug&stion 34 (Figure 10), én EDEL 410
student.answefed by saying, "no, the averagey is $4,6SQ." Ignoring the context of the
question, she divided the total of the salary column ($279,000) by the total of the number
of employees column (60). - Obviously fhis student has only the most rudimentary
understanding of average and also took 1o time to evaluate the appropriateness of her
answer in relation to. the salaries given. Compare the answer given by a student in MATﬁ
131, " This is not a fair representation. Median and mode are both in the $29500 salary
zone - the mean is higher.. The best way to get an average with this data is mode." It is
troubling to realize that students at the beginniﬁg of their careers as students are more
able to deal with data and its analysis fhan those who ére about to emb‘a:rk on their careers

as teachers.
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Figure 10. Question 34 - Short Answer Question

| 34. The personnel director of a company is recruiting employees. In the interviéw, he
tells a candidate that the average salary of the employees is $32,400. If the
company's salaries are as follows, is his claim a fair representation? Explain.

Salary No. of Employees

$80,000 1
$65,000 1
$49,000 3
$35,000 16
$29,500 34
$20,500 6

The hypothesgs that assessed group means also showed that there was a
significant difference 'among the means of the four groups in finding, describing and
interpreting mean, median and mode; ‘inferpreting the spread of a .-set of data;
understanding the Ineam'ng of the shape and features of a graph; ‘and using scatter plots -

and lines of best fit. In eéch case, the mean of EDEL 410 was signiﬁcantly less than both
EDEL ?;33 and MATH 131. The percentage of students with incorrect responses in all
groups is diéturbing given that these people will be teaching this topic to elementary and
middle school s;tudents in the next one to three yeérs. .

While the lack of retention of statistical data analysis knowledge is distressing, it »
is consistent with the findings of Ball (1990), Zazkis & Campbell (1994), Putt '(1995),
Rusch (1997), and Desmond (1997) who found that pre-service teachérs' mathematical
knowledge was weak and rule driven. . The teaching profession also recégrﬁ_zes the
complexity of preparing teachers. NCTM (1991) and Loucks-Horsley (1997) emphasize
that teachér preparation | and professional development -must- be viewed as ongoing

processes and that fundamental change happens over time. It may even be that we can
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never prepare elementary t-eachers well enough before they enter the classroom. "In fact, °
it aippea,rs- that the new mathematical understanding teachers must develop a:nd the
teaching situation t-hey must negotiate are too varied, complex, and content—dependeﬁt to
be. anti.cipated in one or even several courses. Thus, teachers must become Jearners in

their own classrooms (Russell, 1997 p 253)."

" Discussion of Independent Variables ‘

Age and Gender

Because mathematics eciucation occurs in a social context in which gender has
been a recurring theme, and be.cause' enrollment in the Elementary Education Program is -
predominately female, it seemed logical to investigate Whefher gender was related to the
main research questions posed in this‘ study. In addition, since students over traditional
age (25) now constitute a significant portion of the population of p.reservice teachers, 'agé
' .WElS also investigatéd as a factor. Neith;ar age nor -gender' was determined to be
statistically significant when trying to explain variability in total acl;ievement or
achievement in any of the five subtests. Theéc'results are consisten‘t. with results found by

Roberts (1995) and White (1986) who found no significant differences in achievement in

geometry (Roberts) or essential elements of elementary school mathematics (White).

Math Option of the Elementary Education Program

At Montana State University elementary education majors who choose to enroll in

the math option, take eighteen additional ¢redits in Mathematics and Statistics in place of
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the electives that elemeﬂtary education majors are required to take. ' While the number of
students enrolled in the Math Option of the Elementary Education Program was small:
(n=17)'., there were enough students to determine if there was 4 significant difference
am;)ng‘the means of those who were enrolled in the option and those who were not. It
was troubling to find that there was no significant difference in achievement between the
students who were enrolled in the math option and those who were not. Students enrolled
in the Math option \;VCI'C members of all four classes. One student was in MATH 130, Six
in MATH 131, eight in EDEL 333, and two in EDEL 410. Since it is reasonable to
. assume that the studqnts who were enrolled in both MATH 130. and MATH 131 might
not have had the opportunity in their college program to take all the classes that are
required of the math option, the researcher removed the seven students in those ciasses
and performed a correlation analysis to determine if there ‘was a signiﬁcant relationship
" between enrollment iﬁ the math option (only the juniors and seniors) and total score.
There was no relationship (p>0.05).

Further., examination of the data caused the researcher to doubt the Validj';y'of the
demographic responses. Of the ten junior and senior students §vho indicated they were
enrolled in the math option, two indicated that they had only taken 6ne college math
-and/or statistics class (other than MATH 085, MATH 103, MATH 105, MATH i30, anci
MATH 131), two indicated taking two additional Cl;dSSCS, two indicated taﬁng three
additional classes and four indicated taking four or more additional classes. Given the
nature of the Blocks and the scheduling that occurs because of them, it is alfnost

impossible for a student to. already be enrolled in the Blocks, be enrolled in the math
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option and only have taken one or two additidnal classes since six additional classes are
required. An additional concern, ‘STATS 216 - Elementary Statistics, was a required
course for all students enrolled in the Math Option, however this research did not collect
information .on épeqiﬁc college classes taken by students enrolled in the‘Math Option.r
Therefore caution should be taken when 'interpreting the meaning of the statistical
findings that test the independent variable of whetﬁer or not the sfcude_nts were actually
enrolled in the math option. | | |

It should be noted, however, it is a common practice among eiementary education
maj ors ' who have chosen the math option to take one or more math classes after they have
" student taught. Since ﬂ:ll'S data was gatheréd during fall semester, it is posgiblé that math
option enrollees in EDEL 410 - Student Teaching could be in this situation. It is beyond

" the scope of this study to track this information.

Level of High School Preparation
Number of College Mathematics and/or Statistics Classes Taken

Multipie regression analysis revealed that the set of independent variables
(gender, age when enrolled in MATH 130, number of high school math classes taken and
passed, number of college math and or statistics classes takeﬁ and passed, and whether or
not the student is enrolled in Elementary Education program math option) did explain a
significant proportion of the variability in the followiﬁg: total achievement; achievement
in finding describing and interpreting mean, median and mode; achievement in
interpreting the spreéd of the data; aclllievement in understanding centers, spreads, and

graphical representation of the data; and achievement in using scatter plots and lines of
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best fit. However, even though the findings are statistically significant they are of little

practical significance. The highest R* found was for Subtest 2 - interpreting the spread of

the data. Even then, knowledge of the independent variables only explained 13.8 percent
of the variability in achie-vement. In order of importance, those independent variables
that did expiain a significant proportion of the variability were high séhool prepara’Fion,
number of college math and or statistics classes taken and grouﬁ membership. Those
indepéndent variables that did not explain a significant proportion of ’Ithe Vari.ability' were
age, éender, and whether or nc;t the student was. enrolled in the Math Option of the
Elementary Education Program.

| While the. data from this sﬁldy are c;f little practical signiﬁca_nce they are in line
with results found_by White (1986), Dyas (1993), and Roberts (1995). All three studies
found that hlgh school preparation of preservice teachers had a significant positive
relationship to achievement in college mathematics content and/or methods courses. In
addition, Dyas also found that there was a ‘signiﬁcant positive relationship between
college math classes taken a’nd aclﬁeyement n collegé mathematics content .and/-or

methods courses.

Implications fpr Tea‘cherl Education
In light of the findings presen’;ed in this.study, the following recommendatioﬁs are
offered regarding tﬂe Montana State University Elementary Education Program:
1. Change when the two mathematics content courses are required to be taken in the
program sequence. Typically the §tudents 1n MATH 130 and MATH 131 are freshmen

that may not yet have clearly defined their needs as prospective teachers. Perhaps
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moving the mathematics content coﬁrses to the sophomore year would ailow the students
'one more yea:f of thought and maturity in the choice of their career. This would be
consistent but possibly lesé helpful than Friel and Bright's (1997) suggestion that having a
mathematics content course in the spring of the junior year, followéd by methods in fall‘
of the sénior year (to address pedagogy and children's thinking) was a Vial:'>1e.-option in
preservice education. Cornell (1999) observed that several of his university students
were reluctant to. delve into questions of why a particular strafegy, formula or algorithm
worked. Instead they wanted to be given a formula Fhey could memorize. Grossnickle,
Perry, and Reckzeh (1990) noted that the importance of developing a student's ability to
rélate math to real-life requirements, which in -turn, ‘give meaning to mathematical

operétions, as Weli as enhancing learning and a positive attitude. The‘refore, it se;ems '
reasonable that' relating theirl content classes to their future career would be a 'real-life

reqﬁirement' !

In actuality, changing the scheduling of just the mathematics content'classes within
the elementary education progra;n would have program wide ramifications. All content
fields could suffer the same fate if their classes were moved to the freshmen year.

2. ‘Have the content and methods integrated within all three courses (MATH 130,
MATH 131, and EDEL 333) that are required. Courses on subject-matter topics have
been disconnected from courses on tea_chjng methods.‘ Students are not making the
connections. Darling-Hammond (1999) found that "shoehorning unintegrated courses

" into the four-year undergraduate program éreated’.unhappy trade-c.>ffs- bét'ween deep

léaning in a disciplinary field and serious understand of teaching and learning” (p.30). A
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possiblé | solution would be to have three courses that are all an integrated
content/methods format versus two that are content driven and one that is rﬁethods
driven.. This would be a drastic move from the current format of teaching content as a
totally isolated e);périence. Howevér, this would be in line with results found by Jones
(1995), Benbow (1993) and Floden (1990) who favorably reported on this arrangement.
- Past changes suggested by Hutchison (1992) have included integrating content and
pedagogical knowledge within courses for elc_amentafy education majors. Harpole (1997)
reported on the success Qf a three-semester sequence of integrated content/methods
classes developed for preservice elementary education teachers at Mississippi State
University. The three courses at Mississippi State University focused on current science
education research, methods of teaching by guided discovery, and newiy developed
curriculum materials. Heikkenen and McDevitt (1997) also reported success ‘With
integration of all preservice components - content courses, methods of teaching courses,
education courses, and early, sustained field experiences - in the eleﬁentaw education
program.

3. Require all elementéry education majors to taice more specialized mathc;,matics '
courses than the required two in existeﬂce now. Classes should feature strong
mathematics components inclﬁding course work jn geometry, algebra, probability and
statistics, basic components of calculus and_ mathematical modeling (NCTM, 1991,
Leitzel, 1991). All_concepfs sﬁould be taught from a conceptual vie§vpoint rather than
from a traditional theoretical point of view (NCTM, 1991). Th‘e‘ statistiés courses should

be taught using hands-on activities for producing' data and illustrating concepts, and using
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simulation as a device for understahding probability and the basic ideas of inferénce.
'S.tudents should see statistics as an organized way to solve problems. The University of
Northern Iowa (Ward, 1997) madeé an extensive revision of their elementary education
progra:rh in response to the NCTM Standards, Their project, which involved both math
and scienée, begﬁn in 1988 and by 1997 they had developed six new math courses and
extensively révised. three existing math coﬁrses.

4. Strengthen the communication with Montane; Office of Public Instruction and the
Montana Council of Teachers of .Mathematics to work with secondary school counselors
to advise prospective teachers of. the importancé of a strong high school Iﬁatl.iematics.
preparation. .Recommend to the high échool counselors that prospeci;ive elementary
teachers have at least three years of mathematics concluding with a minimum of pre—ﬂ
Calculus.

In addition, Montana State Uniyersify should make continuing statistical education

workshops and courses available to all interested elementary teachers. According to

Schaeffer (2000), of all the mathematical topics now appearing in elementary curricula,

statistics is the newest and ranks at the top in terms of the lack of preparation teachers
have to teach this subject matter. Given the lack of knowledge that the current
elementary education majors posséss when the topic is actively ‘taught within the
curriculum, it seems to be obvious that practicing teachers who did not have statistics in

their university work are also in need of workshops to increase their knowledge base.
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Recommendations for Future Research

The findings of this study suggest several areas for further reseérch.

Quesﬁons arise as to the extent that elemeﬁtary education majors acquire and
retain knowledge in other areas of statistiés not 'addr'essed in this study. This model
provided a foundation for further study and suggests that it is necessary. It is suggested
that ‘this study be replicated to determine if there is retention of k'nowledgé in those areas.

It is further sﬁggested that tﬁis study be repli;:ated to study the acquisition and
retention of knowledge in other areas of elementary mathematics such as Algebra,
Geometry, and Measurement.

Since the National Council for Social Studies (1994), the Geography Education

Standards Project (1994), and The National Council of Teachers of English, together with

the International Reading Association (1996) have documented the need for statistical

skills within their respective disciplines, an evaluation of the content taught in other: -

methqu courses should-be done to see if the s_tatistics that is recommendgd by the specific
disciplines is 'being taught at Montana State University.

It is recommended that the study be replicated and extended to include practicing
teachers. Does the apparent decay of knowledge continue, or do practicing teachers in

turn gain understanding through their teaching?




98

Additional Consideration for Future Research - Instrumentation

Even though a pilot study was conducted, after using the instrument and
analyzing results. it became evident that the current configuration of question 3 wasn't
directive enough. Before utih'z‘ing this test instrument it is recommended that question 3
in the test instrument which asked students to indicate the number of college math and
statistics classes taken and passed (other than MATH 085, MATH 103, MATH 105,
MATH 130, and MATH 131) should be changed to reflect Fhe stylé.of question 2 which
asked for specific classes taken in high school. As it is, question 3 did not allow the
researcher to.determine the nature or level of college mathematics and statistics coﬁxses
taken. |

Answers to question 40, which asked if students in EDEL 410 - Student Teaching
had taught math duﬁng their student teaching e);péﬂences, did not yield results which
were helpful in explaining variability during analysis. This researcher suggests more
informative results could be found if question 40 were rewritten \to ask speciﬁcaﬂy if
EDEL 410 student taught statistical data analysis during their student teaching

experience.




99

" REFERENCES CITED




100

Abelnoor, R. E Jason. (1979). Mathematical Dictionary. Morristown, NJ: Silver
Burdett.

Adams, Thomasina L. (1998) Prospective elementary teachers' mathematics
subject matter knowledge: the real number system. Journal of the Association of Teacher
Educators, 20, 35-48.

American Statistical Association. (1998). Response from the American Statistical
Association's Advisory Review Group about the NCTM's Standards Update [On -line]
_ Avallable at: http://www.stat. ncsu. edu/stated/ standards.html

Babbitt, B: C., & Van Vactor, J. C. (1993). A case study of mathematics learning
disability in a prospective teacher. Focus on Learning Problems in Mathematics, 15, 23-
37.

Ball, D. L. (1990). The mathematical understandings that prospective teachers
bring to teacher education. The Elementary School Journal, 90, 449-466.

: Bell, Karen N. (1995). How assessment impacts attitudes towards mathematics
held by prospective elementary teachers (Doctoral dissertation, Boston College 1995).
Dissertation Abstracts Online, 56-09B, 3489.

Benbow, Ronald M. (1993). Tracing mathematical beliefs of preservice teachers
through integrated content-methods courses. (ERIC Document Reproductlon Serv1ce No.
ED 388.638.

Cornell, Charles. (1999). Ihate math! I couldn't learn it, and I can't teach it!
Childhood Education Infancy Through Early Adolescence, 75, 225-230.

Curcio, F.R. (1987). Comprehension of mathematical relationships expressed in
graphs. Journal for Research in Mathematics Education, 18, 382-393.

Darhng—Hammond Linda. (1999). Educating teachers: The academys greatest
failure or its most important future? Academe, 85, 26-33.

Desmond, Nancy Shaw. (1997). The geometric content knowledge of prospective
elementary teachers (Doctoral Dissertation, University of Minnesota, Minneapolis).
D1ssertat10n Abstracts Internatlonal 58, 08A, (1997): 3050.

Drier, Hollylynne Stohl Dawson Kara M. & Garofalo Joe. (1999 February).
Not your typical math class. Educational Leadership, 56, 21-25.



http://www.stat.ncsu.edu/stated/

101

Dyas, Carol Ann. (1993). Preservice elementary teachers' understanding of
mathematical concepts and procedures (Doctoral Dissertation, The University of Texas at
Austin, 1993). Dissertation Abstracts International 54, 064, (1993): 2081

Even, R. (1990). SubJ ect matter knowledge for teaching and the case of functlons
Educational Studles in Mathematics, 21, 521-544.

Floden, Robert E. and others. (1990). Learning about mathematics in elémentary
methods courses. (Report No. SP032398). East Lansing, MI: national Center for
Research on Teacher Education. (ERIC Document Reproduction Service No. ED 320
873.

Friel, Susan, N. & Bright, George W. (1996). Building a theory of graphicacy:
How do students read graphs? Paper presented-at the annual meetlng of American
Education Research Association - 1996, New York.

Friel, Susan N. & Bright, George W. (1997). Reflecting on our work: NSF
teacher enhancement in K-6 mathematics. Greeley, CO: Center for Research on Teaching
and Learning, University of Northern Colorado.

Gay, L. R. (1996). Educational Research Competencies for Analysis and
Application. Upper Saddle River, NJ: Prentice-Hall, Inc.

Geography Education Standards Project (1994). What every young American
should know and be able to do in geography: Geography for life. National geographv
standards 1994. New York: author.

Goodchild, Slmon (1984). School pupils' understanding of average. TeachJ ng
Statistics, 4, 77-81.

Grossnickle, F., Perry, L., & Reckzeh, J. (1990). Discovering meanings in
Elementary School Mathematics (8™ ed). Forth Worth, TX: Holt, Rinehart and Winston.

Harpole, Sandra H. (1997). An integrated science sequence for elementary
education majors. In Gardner, April L & Cochran, Kathryn F. (Eds.), Critical Issues in
Réforming Elementary Teacher Preparation in Mathematics and Science. (pp. 57-58).
‘Greeley, CO: Center for Research on Teaching and Learning, University of Northern
Colorado.

Heikkinen, Henry & McDevitt, Teresa. (1997). A model program in science and
mathematics for elementary pre-service teachers. In Gardner, April L & Cochran,
Kathryn F. (Eds.), Critical Issues in Reforming Elementary Teacher Preparation in
Mathematics and Science. (pp. 61-62). Greeley, CO: Center for Research on Teaching
and Learning, University of Northern Colorado.




102

Hutchison, Linda Sue. (1992). How does prior subject matter knowledge affect
the learning of pedagogical content knowledge in a mathematics methods course at the
preservice level? (Doctoral Dissertation, University of Washington, 1992). Dissertation
Abstracts International, 54, 01A, (1992): 0117

Johnson, Cel. (1999). Office of Instltutlonal Research, Montana State Umvers1ty,
Bozeman, Montana.

Jones, Joan Cohen. (1995). Preservice middle grade teachers' knowledge and
beliefs abut fractions, decimals, and percents and the relationships among them (Doctoral
Dissertation, Georgia State University, 1995). Dissertation Abstracts International, 56,
10A (1995): 3871.

Kerlinger, Fred N. (1986). Foundations of Behavioral Ressarch. (3™ ed.). New
York: Holt, Rinehart and Winston.

Kalman, Dan. (1997). Elementary math models order aplenty and a glimpse of
chaos. Washington, DC: Mathematical Association of America.

Lappan, Glenda. (1999 November). Knowing what we teach and teaching what
we know. NCTM News Bulletin, 36, 3.

Lappan, Glenda, Fey, James T., Fitzgerald, William M., Friel, Susan N. &
Phillips, Elizabeth Difanis. (1998). Data about us. Menlo Park, CB: Dale Seymour
Publications. '

Lappan, Glenda, Fey, James T., Fitzgerald, William M., Friel, Susan N. &
Phillips, Elizabeth Difanis. (1998). How likely is it?. Menlo Park, CB: Dale Seymour
Publications.

Lappan, Glenda, Fey, James T., Fitzgerald, William M., Friel, Susan N. &
Phillips, Elizabeth Difanis. (1998). Samples and Populations. Menlo Park, CB: Dale
Seymour Pub11cat10ns

Lappan, Glenda, Fey, James T., Fitzgerald, William m., Friel, Susan N. &
Phillips, Elizabeth Difanis. (1998). What do you expect?. Menlo Park CB: Dale Seymour
Publications.

. Lott, Thomasenia. (1998). Prospective elementary teachers' mathematics subject
matter knowledge: The real number system. Action in Teacher Education, 20, 35-48.

Leinhardt, G. (1986) Expertise in mathematics teachlng Educatlonal Leadership
43 28-33.




103

Leitzel, James R. C., (Ed.). (1991). A Call for Change: Recommendations for
Mathematical Preparation of Teachers of Mathematics. Washington, DC: Mathematical
Association of America.

Loucks-Horsley, Susan. (1999). Effective professional developmenf for teachers
of mathematics. In Ideas that Work: Mathematics Professional Development. (pp. 2-4).
Columbus, OH: Eisenhower National Clearinghouse.

Loucks-Horsley, Susan. (1997). Teacher change, staff development, and systemic
change: Reflections from the eye of a paradigm shift. In Friel, Susan N. & Bright, George
W. (Eds.). Reflecting on Our Work: NSF Teacher Enhancement in K-6 Mathematics (pp.
133-149). New York: University Press of America, Inc.

Montana State University Bulletin. (1998). Bozeman, MT: Montana State
University.

National Center for Education Statistics (NCES) U.S. Department of Education.
(1996) Pursuing Excellence, NCES 97-198, by Lois Peak Washington, DC: U.S.
Government Printing Office.

National Center for Education Statistics (NCES) U.S. Department of Education.
(1997) Pursuing Excellence: B Study of U.S. Fourth-Grade mathematics and Science °
Achievement in International Context, NCES 97-255, Washington, DC: U.S.
Government Printing Office.

National Center for Educational Statistics (NCES) US Department of Education.
(1998) Pursuing excellence: Initial findings from the third international mathematics and
science study (TIMMS): Synthesis report. [On-line] Available at: http://nces.ed.
gov/timss/97198.html

National Commission on Teaching and America's Future (NCTAF). (1998). What
matters most: Teaching for America's future. [On-line] Available at:
http://www.tc.columbia. edu/~teachcomm/what.htm

The National Council for Accreditation of Teacher Education (NCATE). (1998).
Technology and the New Professional Teacher: Preparing for the 21st Century
Classroom. [On-line] Available at: http://www.ncate.org

National Council for the Social Studies. (1994). Expectatiohs of Excellence;
Curriculum Standards for Social Studies. Washington, DC: author.

. National Council of Teachers of Ehglish, & International Reading Association.
(1996). Standards for English Language Arts. Urbana, IL: author.



http://nces.ed
http://www.tc.columbia
http://www.ncate.org

104

National Council of Teachers of Mathemat1cs (1 998) Principles and standards
for school mathematics: Discussion draft. Reston, VA: author. :

Natlonal Council of Teachers of Mathematics. (1989). Curriculum and evaluahon
standards for school mathematics. Reston, VA author

National Council of Teachers of Mathematics. (1991) Professional Standards for
Teaching Mathema’ucs Reston, VA: author.

Natlonal Research Council. (1996). National Science Education Standards.
Washington, DC: National Academy Press.

National Research Council. (1989). Everybody counts a report to the nation on the
future of mathematics education. Washington, D.C.: National Academy Press.

Nichols, Eugene D. & Schwartz, Sharon L. (1998). Mathematics dictionary and
bandbook. Honesdale: Nichols Schwartz Publishing.

Office of Public Instruction - State of Montana. (1998). Montana Standards for
Mathematics. Available online at: http:// opi.mt. gov/standards

Parsons, R. R. (1993). Teacher beliefs and content knowledge: Influences on
lesson crafting of preservice teachers during geometry instruction. Unpubhshed Doctoral
Thesis, College of Education, Washington State University.

Pereira—Menddza, Lionel & Dunkels, Andrejs. (1989). Stem-and-leaf plots in the
primary grades. Teaching Statistics, 11, 34-37.

President Clinton's Call to Action for American Education in the 21st Century.
(1997). [On-line] Available at: http://www.ed.gov/updates/PresEDPlan/.

Putt, Jan John. (1995). Preservice teachers ordering of decimal numbers: When
more is smaller and less is larger! Focus on Learning Problems in Mathematics, 17, 1-15.

Roberts, Sally Kay. (1995). A study of the relationship between demographic
variables and Van Hiele level of thinking for preservice elementary school teachers.
(Doctoral Dissertation, Wayne State University, 1995). Dissertation Abstracts
International, 57, 01A, (1995): 0176.

Rusch, Tracy Linn. (1997). Mathematics content coursework for prospective
elementary teachers: Examining the influence of instructional strategy on the
development of essential place value knowledge (Doctoral Dissertation, The University
of Texas at Austin, 1997). Dissertation Abstracts International, 59, 02A, (1997): 0439.



http://www.ed.gov/updates/PresEDPlan/

105

‘Russell, Susan Jo. (1997). The role of curriculum in teacher development. In
- Friel, Susan N. & Bright, George W. (Eds.). Reflecting on Our Work: NSF Teacher
Enhancement in K-6 Mathematics (pp. 247-254). New York: University Press of
America, Inc. .

Scheaffer, Richard L. (2000). Statlstlcs for a new century. In Burke, Maurice
(Ed.). Leamning Mathematics for the New Century Reston;, VA: National Council of
Teachers of Mathematics.

Scheaffer, R.L. (1986). The quantitative literacy project. Teaching Statistics, 8,
34-38. :

Shaughnessy, J. Michael. (1992). Research in probability and statistics:
reflections and directions. In Douglas B. Grouws (Ed.), Handbook of Research on
Mathematics Teaching and Learning (p.465-494). New York, NY: Macmillan Publishing
Co. .

Shulman, L. S. (1986). Those who understand; Knowledge growth in teaching.
Educational Researcher, 15, 4-14.

Shulman, L. S. (1987). Knowledge and teaching: Foundat1ons of the new reform.
Harvard Educational Review 57, 1-22.

Silver, E. (1998) Improving mathematics in middle School: Lessons from TIMSS
and Related Research. [On-line] Available at: http://www.ed.gov/inits/ math/silver.htm.

Simon, M. B. (1993). Prospective elementary teachers' knowledge of division.
Journal of Research in Mathematics Education, 24, 233-254.,

Smith, Mary Lucille. (1993). Preservice elementary teachers' conceptual
understanding of computational estimation strategies within the operations of addition
and subtraction (Doctoral Dissertation, University of Pittsburgh, 1993). D1ssertat10n
Abstracts Internatlonal 54, 06A, (1993): 2084.

Smith, Thomas M., Perie, Marianne, Alsalam, Nabeel, Mahoney, Rebecca Pratt, -
Bae, Yupin, & Young, Beth Aronstamm. (1995). The condition of education. (NCES
Publication No. 95-273) Washington, DC: U.S. Department of Education, National
Center for Education Statistics. (ERIC Document Reproduction Service No. ED 383 119.

Start with the math, blend in good teaching practices, and top it off with practical
experience. (1999, March). NCTM News Bulletin, 35, 1,5.



http://www.ed.gov/inits/

106

Steen, Lynn Arthur. (1999). Numeracy: The new literacy for a data-drenched -
society. Educational Leadership, 57(2), 8-13.

, Steen, L. B. (1999). Theories that gyre and gﬁnble n thé wabe. Review of
Sierpinska, B. & Kilpatrick, J. (Eds.) Mathematics education as a research domain: B -
search for identity. Journal for Research in mathematics Education, 30, 235-241.

Teacher retraining: Report to the senate appropriations committee from the
national science foundation. Senate Report No. 103-97. p 279-283. In Friel, Susan, N. &
Bright, George, W. (Eds.) (1997) Reflecting on Our Work: NSF Teacher Enhancement in
K-6 Mathematics. New York: University Press of America.

Third Intéma,tional Mathematics and Science Study (TIMSS). [On-line]
Available at: hitp://timss.enc.org/ TIMSS/timss/index.htm

Upshall, Michael (Ed.). (1997). Hutchinson chtlonarv of mathematlcs London:
Brockhampton Press Ltd.

Ward, Robert. (1997) The preparation of elementary mathematics and
science teacher project (PEMST Project). In Gardner, April L & Cochran, Kathryn F.
(Eds.), Critical Issues in Reforming Elementary Teacher Preparation in Mathematics and
Science. (pp. 57-58). Greeley, CO: Center for Research on Teaching and Learning,
University of Northern Colorado.

~Wainer, H. (1992). Understanding graphs and tables. Educational Researcher, 21,
14-23. '

Wilburne, Jane Murphy. (1997). The effect of teaching metacognition strategies
to preservice elementary school teachers on their mathematical problem-solving
achievement and attitude (Doctoral Dissertation, Temple University, 1997). Dissertation
Abstracts Online, 58-03B, 0788.

White, Margaret Ann Fowler. (1986). Preservice teachers' achievement in the
essential elements of elementary school mathematics: The development of an evaluation
instrument (Doctoral Dissertation, University of Houston 1986). Dissertation Abstracts
International, 47, 06A, (1986): 2068.

Zazkis, Rina & Campbell, Stephen. (1994). Divisibility and multiplicative
structure of natural numbers: Preservice teachers' understanding. (ERIC Document
Reproduction Service No. ED 370 932. :



http://timss.enc.org/

107

APPENDICES




108

Appendix A
Testing Instrument




109

Name Student ID number Gender

Answer questions 1-31 by blackening the correct answer on the accompanying
| bubble sheet. .

1. Age when enrolled in MATH 130
a) 25 or younger b) 26 or older

2. Check all the math cla»sse's that you took in high school- .

__ Basic Math __ Geometry I _ Integrated Math I
_ GeneralMath _ DiscreteMath _ Integrated Math II
__ BusinessMath _ © Trigonometry  Integrated Math III
___ Pre Algebra _____ PreCalculus __ Integrated Math IV
_ Algebral. ____ Calculus - _____ Other: (Specify)
__ Algebrall ___ Statistics ‘

3. Number of éollege math and statistics classes taken and passed (other than MATH
085, MATH 103, MATH 105, MATH 130, and MATH 131)
a)0 b)l ¢)2 d)3 e)4ormore

4. Are you enrolled in the Elementary Education Math Option, now?
a) undecided b)yes  c¢)no

Julie tested 20 size A A batteries to see how long each would last. She created this graph.

Lifetime of Batteries
to the Nearest Hour

4 {69
5 (6778
6 00335777
7 10128
8 |8
910 4 | 9 represents
49 hours
5. The range of the data is
a)4-9 b) 46 — 90 c)0-69 d)56 -

6. The mode of the complete set of data is :
267 - b)46 )90 . d) 57, 63
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7. The median is
a) 65 b) 64 ¢) 63.5 d) 65.5

Choose the set(s) of numbers that fits the descriptions given in each of the following:

8. The mean is 6. 9. The mean is 11. 10. The meanis 3 -

The range is 6. The median is 11. The median is 3.

The mode is 11. It has no mode.

Set A:3,5,7,9 SetA: 9,10,10,11,12,12,13 - Set A:0,2%,6 %
SetB:2,4,6,8 SetB:10,11,11,11,11, 11,13 SetB:3,3,3,3
SetC:2,3,4,15 SetC: 9,11,11,11,11,12,12 SetC:1,2,4,5

Use the following information to answer questions 11 and 12.

Sam Slugger’s contract with the Columbus Mudcats baseball team says his annual salary
will be based on his batting averages for the preceding five seasons. Sam’s batting
averages for the past five seasons were .145, .130, .160, .130, and .495.

11. If you were Sam, which of the following statistics would you want to use to compute
your salary?
a) mean b) median c¢) mode

12. If you were the general manager of the Mudcats, which statistic would you want to
use? '
a) mean b) median c) mode

13. Given the following data, calculate the mean, median, and mode
1,3,6,6,7, 8,13, 13,13, 20, 20
a) mean 10 " b)mean 11 ¢) meanl0 d) mean 10°

' median 13 - median 9 median 8 ~ median 9
mode9 mode 13 mode 13 mode 20




Use the following graphical representation to answer the questions 14 and 15.

Yearly Movie Attendance of 16 people

a 32
> 28

a 24

Age (years)

14. Based on the line of regression, about how many movies does an average 21-yr. old
attend?
Q)18 b)28 c)8 d)24

15. Based on the line of regression, about how many movies does an average 19-yr. old
attend?
a)18 Db)28 ¢)8 d)22

16. Five people who all live in the same apartment building have yearly salaries of
$10,000, $10,000, $15,000, $18,000, and $1,000,000. Which of the following best
characterizes the tenants’ salaries?
a) mean Db)range c¢) median d) mode

The following plot is for 40 test scores. Use this plot for questions 17 to 21.

17. Approximately how many test scores are between 64 and 86?
a) 10 b) 20 c) 22 d) 30 e) 40

18. What is the interquartile range?
a) 10 b) 12 c) 31 d)26 e)22
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19. What is the median score?
a) 54 b) 60 c) 79 d)82

20. What is the third quartile value?
a) 54 b) 60 c) 75 d)86

21. What is the minimum score?
a) 58 b) 60 c) 75 d)82

e)97

e)97

e)97

For the following three scatter plots, determine if there is a positive correlation, negative

correlation, or no correlation between the variables.

22. a) positive correlation 23. a) positive correlation
b) negative correlation b) negative correlation
C) no correlation C) no correlation

25. This distribution is
a) skewed right

b) skewed left

C) symmetric

24. a) positive correlation
b) negative correlation
C) no correlation
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26. This distribution is

27.

28.

29.

30.

a) skewed right
b) skewed left

C) symmetric

Pizza preferences

cheese 5%

pepperoni 30% mushroom 10%

sausage 15%

deluxe 40%

Which is the most popular pizza?
a) deluxe b) mushroom c) cheese d) pepperoni

How does pepperoni compare to mushroom?
a)more  b) less C) same d) can’t tell

Which two pizzas make up about half of the preferences?
a) cheese & mushroom b) sausage & deluxe
c) mushroom & deluxe  d) mushroom & pepperoni

What is the ratio of the size of cheese to mushroom?
a)3:1 b)2:3 c)3:4 dI:2
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31. If ten people in the survey prefer cheese plzza what is the approximate total number
of people surveyed?
a) 200 people b) 180 people ¢) 100 people d) 150 people

Questions 32-38 require a short answer. Write ylouvr answers on these pages.

32. The following graph shows the test scores from two classes.

Class A Class B
1190445
. 9542182235579
9765332110(710012344578
887664316267 S
521517 1l9represents a score of 91 (Class A)
91415 9|0represents a score of 90 (Class B)

Which class appears to have better performance? Explain your answer.

33. Two star running backs each have a 5-yard rushing average.
“Jones 53566465 5 5 Avg5yd
Smith 10 2 3. 015 0 0 5 10 5 Avg:5Syd.

Which one would you choose to run if you needed three yards on a third-down play
late in the game? Why? o
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35. The personnel director of a company is recruiting employees. In the interview, he
tells a candidate that the average salary of the employees is $32,400. Ifthe
company's salaries are as follows, is his claim a fair representation? Explain.

Salary No. of Employees
$80,000 I
$65,000 |
$49,000 3
$35,000 16
$29,500 34
$20,500 6

Fat vs Protein Content of Fast-Food Sandwiches

Grams of Protein

35. Sketch a line of regression to be used to make the following predictions.

36. Use your line of regression to predict the grams of fat in a sandwich with 10 grams of
protein.

37. Using your line of regression, how many grams of fat would you expect in a
sandwich with 50 grams of protein? What assumptions, if any,
did you make?
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38. Test score data for two classes are shown in the following graph. Which class did
better? Explain.

Class 1 .

) |
Class 2 . { l Ii
Y Y N A O S v M N N NN
50 54 58 62 66 70 74 78 82 86 90 94 98

39. In what grade did you student teach? :
a) PreK, K, 1%, or 2™ b) 39, 4% or 5t ) 6M, 7™ or 8™

40. Did you teach mathematics during your student teaching experience?
a)Yes b)No
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Appendix B
Scoring Rubric for Short Answer Questions
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The scoring rubrics all follow the same basic pattern (See table 1). Multiple

possibilities exist for some options. The researcher scored the short answers and the

appropriate response was marked on individual answer sheets with the letter

corresponding to their answer prior to machine scoring.

Question 32

2)
b)
c)
d
e)

no answer

wrong answer

right answer, no explanation

right answer, partial /unclear explanation
right answer, complete/clear explanation

Table 1
Basic Pattern for Scoring Rubric

The following graph shows the test scores from two classes.

Class B
‘ 1
95421
97653321
10
8876643
52
9

(e o]

‘O

Class B

0445

2235579

00123445

78

267

7 1|9 represents a score of 91 (Class B)
5 -9 | 0 represents a score of 90 (Class B)

. Which class appears to have better performance? Explain your answer.

Scoring rubric for question 32.

a) no answer or both classes are the same
b) Class A
c) Class B no explanation

d) Class B,

1) only mentions it has most scores in the 90s;
2) only mentions it has fewer failing grades
3) only mentions mean or median
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e) Class B,
1) it has almost twice as many scores above 80 and only one-half as many
‘'scores below 70 .
2) mentions a higher mean (76.8 compared to 71.8) and higher median (76
vs. 71.5)
3) mentions entire stem-and-leaf plot is skewed to higher values -

Question 33

Two star running backs each have a 5-yard rushing average.
Jones 5 4 6 7 7465 5 5 Avg:Syd
Smith 10 2 3 015 0 0 510 5 Avg: Syd.

Which one would you choose to run if you needed three yards on a third-down play late
in the game? Why?

Scoring rubric for question 33
a) no answer
b) Smith ,
c) Jones, no explanation
d) Jones,
1) he got yardage every time
2) he gained at least 5 yards all but 2 of the 10 carries shown

Question 34

The personnel director of a company is recruiting employees. In the interview, he tells a
candidate that the average salary of the employees is $32,400. If the company salaries
are as follows, is his claim a fair representation? \ :

Salary No. of Employees
$80,000 -1
$65,000 1
$49,000 3
$35,000 16
$29,500 ' 34
$20,500 6

Scoring rubric for question 34
a) no answer
b) agree with personnel dlrector mean of $32, 500 is OK
c) disagree with personnel director’s claim, but no explanatlon why
d) . disagree with personnel director’s claim,
1) use either median or mode as explanation
2) say that all starting employees will start at lowest salary
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e) disagree with personnel director’s claim,
1) use median and mode as explanation
2) explain that mean is skewed due to extreme values of top five salaries

Fat vs Protein Content of Fast-Food Sandwiches

Grams of Protein

Question 35
Sketch a line of regression to be used to make the following predictions.

Scoring rubric for question 35
a) no answer
b) incorrect line of undetermined reasoning
c) line with negative correlation
d) positive correlation, but doesn’t include all data points
e) positive correlation, basically in midst of data points

Question 36
Use your line of regression to predict the grams of fat in a sandwich with 10 grams of
protein.

Scoring rubric for question 36
a) no answer
b) wrong answer according to line drawn
c) right answer according to line drawn

Question 37
Using your line of regression, how many grams of fat would you expect in a sandwich
with 50 grams of protein? What assumptions, if any did you make?

Scoring rubric for question 37
a) no answer
b) wrong answer according to line drawn
c) right answer according to line drawn, no answer to assumption question
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d) right answer according to line drawn
1) no sandwich that high in protein and/or fat
2) stated that they made no assumptions
3) made incorrect assumption
e) right answer according to line drawn
1) made prediction past range of data
" 2) -assumed that the same line of regression would continue

Class 1 ) ,
: |
Class 2 { | |7
e bk
50 54 58 62 66 70 74 78 82 86 90 94 98
} Question 38 C

Test score data for two classes is shown in the above graph. Which class did better?
Explain. '

Scoring rubric for question 38
' a) no answer
b) Class 1
c) Class2,
1) no explanation
2)- faulty explanation - mean
" d) Class 2,
1) the highest score is in Class 2
2) Class 1 has the lowest scores
3) range only
e) Class2
1) entire box-and-whisker plot is skewed right
2) the median for Class 2 is almost the same value as the third quartile for
Class 1, therefore half of the students in Class 2 did better than almost
three fourths of the students in Class 1.
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Appendix C
Cover Letter to Math Educators and Statisticians
for Test Instrument Form and Content Review
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Thank you for agreeing to review the test instrument that I plan to use for my doctoral
research. Iincluded the correct answers in red. Ihave also included the. Table of .
Specifications. :

Iam going to pilot the test this summer session, so I need to have your recommendations
by Monday, may 31. Please make any corrections or suggestions directly on the test
instrument. Any additional general comments or concerns can be included on the last

page.

- I am asking you and others to act as my panel of experts to determine the content validity
of the testing instrument.

My research will center on data analysis knowledge among preservice elementary
education teachers. Preservice teachers enrolled in four classes within the Elementary
Education Program will be tested during Fall Semester 1999. The four classes are MATH
130, MATH 131, EDEL 333, and EDCI 410.

This is the pertinent section of the National Council of Teachers of mathematics (INCTM) -
Standard 5. Standard 5 is Data Analysis, Statistics and Probability. NCTM, American
Statistical Association (ASA), and other professional associations agree that these are the
skills that elementary students should have. Iintend to test to see if the preservice
teachers have the requisite knowledge. '

¢ Interpret data using methods of exploratory data analysis;
In grades pre-K-2, all students should -

o describe parts of the data and the data as a whole;

o identify parts of the data with special characteristics, for example the category
with the most frequent response. (NCTM, 1998 p 130-131)

In grades 3-5, all students should - '

o describe the shape and important features of a set of numerical data 1nc1ud1ng
its range, where the data are concentrated or sparse, and whether there are
outliers;

o describe the center of sets of numerical data, first informally, then using the
median;

. o classify and descnbe categorical data (e.g., ways we travel to school) in
different ways; analyze and compare the information highlighted by different
~ classifications;

o compare related data sets, with emphasis on the range, center, and how the -
data are distributed;
propose and justify conclusions based on data;

o formulate questions or hypothesis based on initial data collections, and design
further studies to explore them. (NCTM, 1998 p 181) -
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In grades 6-8, all students should -

(o]

find, describe, and interpret mean, median and mode as measures of the center
of a data set; know which measure is best to use in particular situations; and
understand how each does and does not represent the data;

describe and interpret the spread of a set of data using tools such as range,
interquartile range, and box-and-whisker graphs; '
interpret graphical representations of data, including descriptions and
discussion of the meaning of the shape and features of the graph, such as
symmetry, skewness, and outliers;

analyze associations between variables by comparing the centers, spreads, and
graphical representations of related data sets;

examine and interpret relationships between two variables using tools such as
scatter plots and approximate lines of best fit NCTM, 1998 p 238).
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_ Appendix D
Letter to Mathematics Educators and Statisticians
for Content Validity
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I have developed the testing 1nstrument that I intend to use for my doctoral research. I
am asking you and others to act as my panel of experts to determine the content validity
of the testing instrument.

I would like you to do two things for me, please.

1. ‘Review the test instrument to determine if the questions are appropnate

2. Mark the Table of Specifications to indicate which of the five goal statements the test
item most clearly tests. .

The five goal statements are taken from the National Council of Teachers of mathematics
(NCTM) Standard 5. Standard 5 is Data Analysis, Statistics and Probability. NCTM,
American Statistical Association (ASA), and other professional associations agree that
these are the skills that elementary students should have. Iintend to test to see if the
preservice teachers have the requisite knowledge.

My research will center on data analysis knowledge among preservice elementary
education teachers. Preservice teachers enrolled in four classes within the Elementary
Education Program will be tested during Fall Semester 1999. The four classes are MATH
130, MATH 131, EDEL 333, and EDCI 410.

I am going to pilot the test this summer session, so I would appreciate greatly getting

your recommendations by Friday June 18. Please make any corrections or suggestions

directly on the test instrument. Any additional general comments or concerns can be
included on the last page.

Thank you very much,
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A. find, describe, and interpret mean, median and mode as measures of the center of a
data set; know which measure is best to use in particular situations; and understand
how each does and does not represent the data;

B. describe and interpret the spread of a set of data using tools such as range, inter-
guartile range, and box-and-whisker graphs;

C. interpret graphical representations of data, including descriptions and discussion
of the meaning of the shape and features of the graph, such as symmetry,
skewness, and outliers;

D. analyze associations between variables by comparing the centers, spreads, and
graphical representations of related data sets;

E. examine and interpret relationships between two variables using tools such as
scatter plots and approximate lines of best fit.

# A B C D E # A B C D E
5 25
6 26
7 27
8 28
9 29
10 30
11 31
12 32
13 33
14 34
15 35
16 36
17 37
18 38
19

20

21

22

23

24
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Appendix E
Curriculum in Elementary Education
Mathematics Option
at Montana State University - Bozeman
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Curriculum in Elementafy Education
Mathematics Option - IAAJ

Name Qf Student:

All mathematics option students are to follow the elementary education K-8

option curriculum, with these exceptions.

Cr. Semester Substitution

| Course - Core Course Title

' No. Area Taken
DELETE

Electives 12

ADD
EDSD 371 Meth Tch Mid Sch MATH 3
MATH 150 M Finite Mathematics 3
MATH 151 M’ Language of MATH 3
STAT 216 Elementary Statistics 3
Restricted Electives in Mathematics -6
Mathematics Electives Recommended
MATH 110 Trigonometry 3
MATH 170 M Survey of Calculus 4

Note to Advisor: Attach to Elementary Education K-8 Option Prograrﬁ Sheet
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Appendix F
Means Tables for Hypotheses




TABLES OF MEANS for Hypothesis 1
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Means for interaction of group and gender pertaining to achievement in Overall

Achievement

Male |

Female

Total test _
MATH 130 MATH 131 EDEL 333 EDEL 410

20.6000 27.8571 22.2500 20.333 22.3333
ads) @) ® ©) (36)

19.7576 25.0294 244118 21.8222 22.3571
(66) (34) (51) (45) (196)

19.9136 25.5122 24.1186 21.6471 22.3534
(81) (41) (59) (51) (232)

Number shown in parenthesis.

Means for interaction of group and gender pertaining to achievement when finding,
describing and interpreting mean, median and mode,

Sub test #1 :
MATH 130 MATH 131 EDEL 333 EDEL 410

Male 5.2000 9.0000 | 5.6259 5.5000 6.0833

(5) o ® 6) (36)
Female . 5.115 7.8824 7.1176 6.2222 6.3827
(66) (34) (51) (45) (196)
5.1605 8.0732 6.9153 6.1373 6.3362

(81) (4D (59) (51 (232)

Number shown in parenthesis.

v

Means for interaction of group and gender pertaining to achievement in interpreting box
and whisker plots,

Sub test #2
MATH 130 MATH 131 EDEL 333 EDEL 410
Male | -2.6000 4.4286 3.6250 3.1667 3.2778
15) RO ) © (36)
Female 2.7273 4.0588 3.9216 3.3778 3.4184
(66) - (34 (51) (45) (196)
2.7037 4.1220 3.8814 3.3529 3.3966
81) (41) (59) 51 (232)

, “Number shown in parenthesis.
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Means for interaction of group and gender pertaining to achievement in understanding the
meaning of the shape and features of a graph,

“Sub test #3 ‘
MATH 130 MATH 131 EDEL 333 EDEL 410 ,
Male | 4.6667 6.0000 5.1250 5.0000 5.0833
A5y @) _(®) (©) (36)
Female 4.6061 5.2647 5.3137 4.6667 4.9184
(66) (34 (€2)) (45) (196)
4.6173 5.3902 5.2881 4.7059 4.9440
(81) 41 (59 . (€2)) (232)

Number shown in parenthesis. .

Means for interaction of group and gender pertaining to achievement in comparing
centers, spreads, and graphical representations of related data sets,

Male

Female

, ~ Sub test #4 ,
MATH 130 MATH 131 EDEL 333 EDEL 410

2.8000 3.1429 3.3750 2.6667 2.9722
(5) Q) (® 6 (36)

2.7727 2.9118 3.2353 3.1778 3.0102
(66) (34) (51). (45) (196) -

2.7778 - 29512 3.1176 3.1176 3.0043 |
81 41) (59) (51) (232)

Number shown in parenthesis.

Means for interaction of grbup and gender pertaining to achievement in using scatter
plots and lines of best fit.

Male

Female

. Sub test #5
MATH 130 . MATH 131 EDEL 333 EDEL 410 ,
7.5333 8.8571 | 7.7500 - 6.8333 7.7222
(15) () &) 6) (36)
7.1970 7.9412 8.1569 7.3111 7.6020
(66) (34) (51) (45) (196)
7.2573 8.0976 - 8.1017 -7.2549 7.6207
(81) (41) 59) (51) (232)

Number shown in parenthesis.
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TABLES OF MEANS for Hypothesis 2

Means for interaction of group and age pertaining to achievement in Overall
Achievement :

Total test C
MATH 130 MATH 131 EDEL 333 EDEL 410

25and | 20.0270 25.4359. 24.2692 21.5870 | 22.4123
younger (74) (39) (52) (46) (211) -
26 and 18.7143 | 27.0000 23.0000 22.2000 21.7619

older (D). 2 . (7 e (21)
19.9136 25.5122 24.1186 21.6471 22.3534

(81) 4y 59 (51) (232)

Number shown in parenthesis.

Means for interaction of group and age pertaining to achievement when finding,
describing and interpreting mean, median and mode,

Sub test #1 , .
MATH 130 MATH 131 EDEL 333 EDEL 410
25 and 5.1757 8.0513 7.0962 6.0435 6.3697
younger |’ (74) : 39) (52) (46) (211)
26 and 5.0000 8.5000 5.5714 7.0000 6.0000
older (7 (2) (7) (5) (21)
' 5.1605 8.0732 - 6.9153 6.1373 6.3362
81) (41) (59) (51) (232)

Number shown in parenthesis.

Means for interaction of group and age pertaining to achievement in interpreting box and
whisker plots, '

Sub test #2
MATH 130 - MATH 131 EDEL 333 EDEL 410
25 and 2.7703 4.1026 ©3.8462 | 3.3696 3.4123
younger (74) (39) (52) - (46) (211)
- 26and | 2.0000 © 4.500 4.1429 3.2000 3.3281
older| () @) % 5) 1)
2.7037 4,1220 3.8814 33529 | 3.3966
1) (41) (59) (51) (232)

Number shown in parenthesis.-




Means for interaction of group and age pertaining to achievement in understanding the

134

meaning of the shape and features of a graph,

Sub test #3-
- MATH 130 MATH 131 EDEL 333 EDEL 410

25and | -4.6351 5.3590 5.2500 4.6957 4.9336
younger (74) (39) (52) (46) (211)
26 and 4.4286 6.0000 5.5714 4.8000 5.0476

older (7) 2 (7 (5) 21)
4.6173 5.3902 5.2881 - 4.7059 4.9440

- (81) (41) (59) (51) (232)

Number shown in parenthesis.

Means for interaction of group and age pertaining to achievement in comparing centers,
spreads, and graphical representations of related data sets,

Sub test #4 _
MATH 130 MATH 131 .EDEL 333 EDEL 410
25 and 2.7838 2.9487 3.2500 | 3.1087 3.0000
younger (74) (39) (52) (46) (211)
26 and 2.7143 3.0000 3.2857 3.2000 3.0476
older (7 (2) @) (5) (21)
2.7778 2.9512 3.25.42 3.1176 3.0043
81)° (41) (59) (51) (232) .

Means for interaction of group and age pertaining to ach1evement in using scatter plots

and lines of best fit.

Number shown in parenthesis.

Sub test #5
MATH 130 MATH 131 EDEL 333 EDEL 410

25 and 7.3108 8.0769 8.0962 7.3043 7.6445

younger (74) (39) (52) (46) (211)
26 and 6.7143 8.5000 8.1429 6.8000 7.3810

older (7N (2) (7 (5) (21)
7.2593 8.0976 8.1017 7.3549 7.6207

(81) (41) (59) (€13) (232)

Number shown in parenthesis.
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TABLES OF MEANS for Hypothesis 3

Means for interaction of group and degree of high school mathematics preparation
pertaining to achievement in Overall Achievement

Basic
Preparation
Average
Preparation
Advanced
Preparation

: Total test
MATH 130 MATH 131 EDEL 333 EDEL 410
15.4000 27.0000 24.5000 21.2000 20.5333
) 1) R C)) 6 1 as .
18.8947 24.5714 23.4333 21.1333 | 21.6050
(38) (21) (30) (30) (119)
21.5263 26.4737 24.8800 22.7500 23.5408
(3%) 19 (25 (16) 98)
19.9136 25.5122 24.1186 21.6471 22.3534
(81) 41) (59) D (232)

Number shown in parenthesis.

Means for interaction of group and degree of high school mathematics preparation
pertaining to achievement when finding, describing and interpreting mean, median and
mode,

Sub test #1
MATH 130 MATH 131 EDEL 333 EDEL 410

Basic 3.2000 9.000 _ 7.5000 | 6.000 5.6667

Preparation (5) (1) ) 5) (15)
Average 4.7895 7.7143 6.6333 5.7667 6.0168
Preparation |~ (38) (21) (30) (30) (119)
Advanced 577895 | 8.4211 7.1600 6.8750 6.8265

Preparation (38) (19) (25) (16) (98)
' 5.1605 | 8.0732 6.9153 6.1373 6.3362
(81) (41) (59) (51) . (232)

Number shown in parenthesis.

Means for interaction of group and degree of high school matheimatics preparation
pertaining to achievement in interpreting box and whisker plots,

Sub test #2
MATH 130 MATH 131 EDEL 333 EDEL 410

Basic 2.2000 4.0000 4.0000 3.0000 3.0667

Preparation %) (1) 4) (5) (15)
Average | 2.3684 3.8571 3.8333 3.3000 3.2353

Preparation (38) 21y (30) (30) (119)
Advanced 3.1053 4.4211 3.9200 | 3.5625 3.6429

Preparation (38) (19) (25) (16) (98)
2.7037 4.1220 3.8814 3.3529 3.3966

@8 | 4D (59) (51) - (232)

Number shown in parenthesis.
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Means for interaction of group and degree of high school mathematics preparation

pertaining to achievement in understanding the meaning of the shape and features of a

graph,
Sub test #3
MATH 130 MATH 131 EDEL 333 EDEL 410

Basic 42000 | 5.0000 5.5000 4.8000 4.8000

Preparation (5) O8N 4) (5) (15)
Average 4.4211 5.1429 5.1667 4.6333 4.7899

Preparation (38) (21) (30) (30) (119)
Advanced 4.8684 5.6842 5.4000 4.8125 5.1531
Preparation (38) (19) - (25 (16) (98) -
4.6173 ©5.3902 5.2881 4.7059 4.9440

81 41 (59) (51) (232)

Number shown in parenthesis.

Means for interaction of group and degree of high school mathematics preparation
pertaining to achievement in comparing centers, spreads, and graphical representations of
related data sets,

Sub test #4
MATH 130 MATH 131 EDEL 333 EDEL 410
Basic 2.2000 4.0000 |- 3.2500 3.2000 2.9333
Preparation (5) )] 4 (5) (15)
. Average 2.6842 2.9048 3.0667 3.0667 2.9160
Preparation (38) (21) (30) (30) (119)
Advanced |- 2.9474 2.9474 3.4800 3.1875 3.124
Preparation | (38) (19) (25) (16) (98)
2.7778 2.9512 3.2542 3.1176 3.0043 .
(81) (41) (59) (51 (232)

Number shown in parenthesis.

Means for interaction of group and degree of high school mathematics preparation
pertaining to achievement in using scatter plots and lines of best fit.

Sub test #5
MATH 130 MATH 131 EDEL 333 EDEL 410

Basic 5.4000 - 9.0000 - 7.7500 7.2000 6.8667

Preparation - (5) (1) 4) (5) (15)
Average 7.1842 8.0000 7.8667 7.1667 | 7.4958
Preparation (38) (21) (30) (30) (119)
Advanced 7.5789 8.1579 8.4400 7.4375 7.8878

Preparation (38) (19) (25) (16) (98)
' 7.2593 8.0976 8.1017 7.2549 .7.6207

(8D (41) (59) (51) (232)

Number shown in parenthesis.
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TABLES OF MEANS for Hypothesis 4

Means for interaction of group and number of college math and/or statistics classes taken
pertaining to achievement in Overall Achievement

Total test .
MATH 130 MATH 131 EDEL 333 EDEL 410
0 math/stat 18.8889 25.8696 23.1200 20.5500 21.3443
classes (54) _(23) (25) (20) (122)
1 math/stat 20.6667 22.8333 25.0000 21.2308 22.4082
classes 1% - (6) (15) (13) (49) -
2 math/stat 24.0000 26.5000 22.5000 24.2222 24.2857
classes (10) (8) (8) 9) (35)
3 math/stat 24.0000 24.6667 24.3333 |° 22.0000 23.5000
classes 1 3) (6) . (6) (16)
4 ort hn/lciri 19.0000 28.0000 28.8000 22.3333 25.8000
math/stat |
hystar 0] 1) - ® 3) (10)
19.9136 25.5122 24,2286 21.6471 | 22.3534
(81) 41) (59) (51) (232)

Number shown in parenthesis.

Means for interaction of group and number of college math and/or statistics classes taken
pertaining to achievement when finding, describing and interpreting mean, median and
mode,

Sub test #1 '
MATH 130 MATH 131 EDEL 333 EDEL 410
0 math/stat 47222 8.0435 6.5600 5.8000 5.9016
classes (54) (23) (25) (20) (122)
1 math/stat 5.8000 7.0000 7.6667 5.3846 6.4082
classes | . (15) (6) (15) (13) 49
2 math/stat 6.8000 9.0000 5.3750 7.5556 7.1714
classes (10) (8) (8) 9 - (35)
3math/stat |  6.0000 7.6667 6.6667 | 6.6667 6.8125
classes 1) 3) (6) (6) (16)
4 or more .2.0000 9.0000 9.2000 . 6.3333 7.6000
math/stat (1) (1) (5) 3) (10)
classes
5.1605 8.0732 6.9153 6.1373 6.3362
(81) 41) 59) (51) - (232)

Number shown in parenthesis.
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Means for interaction of group and number of college math and/or statistics classes taken
pertaining to achievement in interpreting box and whisker plots,

- Sub test #2

. _MATH130 MATH 131 EDEL333 EDEL 410
Omath/stat [ 24259 [ 4.2174 '3.7600 | 3.1000- 3.1475
classes | (54) - (23) (25) (20) (122)
‘1math/stat | 2.8667 3.5000 3.8667 3.3077 3.3673
classes (15) - ©® 4 a5 (13) (49
2math/stat | 3.7000 4.3750 3.7500 4.1111 3.9714
classes (10) ®) ®) ® (35)
3math/stat | 4.0000 | 4.0000. 3.8333 3.1667 3.6250
classes. ORI ©), ~(6) ©) (16)
4 Orthn/lor(: 4.0000- 4.0000 4.8000 3.3333 4.2000

math/sta

Tassos 1) ey %) 3) ‘ (10)
27.037 | 4.1220 3.8814 3.3529 3.3966
(81) (41) (59) (51) (232)

‘Number shown in parenthesis.

Means for interaction of group and number of college math and/or statistics classes taken
pertaining to achievement in understanding the meaning of the shape and features of a

graph, ‘

Sub test #3
, MATH 130 MATH 131 EDEL 333 EDEL 410
0 math/stat 45000 t 54783 5.1200 4.7000 4.8443
classes (54) (23) . (25) (20) (122) .
1 math/stat 4.4667 5.0000 5.26667 4.8462 . 48776 -
classes (15) (6) s | @3 (49)
2 math/stat 5.4000 5.3750 5.3750 4.5556 5.1714
classes (10) (8) ® | © (35)
3 math/stat 5.000 5.0000 |  5.5000 48333 | 5.1250
classes (1) 3) (6) © | (16
4 or more 5.000 I 7.0000 5.8000 4.3333 5.4000
math/stat (1) ) (5) 3) (10)
classes
4.6173 53902 | 5.2881 “4.7059 4.9440
(81) (41) (59) (51) (232)

Nu_;mber shown in parenthesis. -
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L

Means for interaction of group and number of college math and/or statistics classes taken
pertaining to achievement in comparing centers, spreads, and graphical representations of
related data sets,

Sub test #4
MATH 130 MATH 131 EDEL 333 EDEL 410
0 math/stat 2.7037 3.1304 2.9600 3.0000 2.8852
classes (54) . (23) (25) 20) . | (@122
1 math/stat 2.6667 | 2.5000 3.3333 3.1538 2.9796
classes (15) (6) (15) (13) - (49)
2 math/stat |©  3,3000 2.7500 3.5000 3.3333 3.2286
classes (10) (8) (8) 9) (35)
3 math/stat 3.0000 3.0000 3.5000 3.0000 3.1875 -
classes | (1) ® (6) (6) (16)
4 01rt hn/lotri 3.0000 3.0000 3.8000 3.3333 | 3.5000
matiy/sta .
pohstat €Y ) (5) 3) (10)
27778 2.9512 3.2542 3.1176 3.0043
(81) 41 (59) (1) (232)

Number shown in parenthesis.

Means for interaction of group and number of college math and/or statistics. classes taken
pertaining to achievement in using scatter plots and lines of best fit.

Sub test #5
MATH 130 MATH 131 EDEL 333 EDEL 410
0 math/stat 7.0000 8.3478 7.8000 6.6000 7.3525
classes (54) (23) (25) (20) (122)
1 math/stat 7.4000 7.5000 - 8.2000 7.6923 | 7.7347
classes (15) ©) s | a3 | “9
2 math/stat 8.2000 7.7500 8.0000 7.6667 7.9143
classes | (10) 8) - (&) &) 3%
3 math/stat 9.0000 8.0000 8.3333 7.3333 7.9375
classes (1) (3) 6) 6) . (16) .
4 or more 8.0000 9.0000 9.2000 8.3333 8.8000
math/stat (1) ¢)) %) 3 - (10)
classes : .
7.2593 .8.0976 8.1017 7.2549 7.6207 |
(81) (41) (59) (51) (232) -

Number shown in parenthesis.
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TABLES OF MEANS for Hypeothesis 5

Means for interaction of group and whether or not the student is in the Elementary
Education Program math option pertaining to achievement in Overall Achievement

undecided

Enrolled in
math option
Not enrolled in
math option

4

5

Total test
MATH 130 MATH 131 EDEL 333 EDEL 410
20.6970 25.5000 . 20.9714
(33) ) (35)
- 24.0000 26.5000 27.3750 ‘21.5000 26.1765
¢)) (6) €] 2 A7)
19.2766 25.3333 23.5800 21.5417 22.2191
(47) (33) (50) (48) (178)
25.0000. -25.0000 .
@) @)
. 27.0000 27.0000
: M )
19.9136 25,5122 24.1186 21.6471 22.3534
(81) 41 (59) (51) (232)

Number shown in parenthesis.

Means for interaction of group and whether or not the student is in the Elementary -

Education Program math option pertaining to achlevement when finding, describing and
1nterpret1ng mean, median and mode,

Sub test #1 ,
MATH 130 MATH 131 EDEL 333 - EDEL 410
undecided 5.5758 7.5000 5.6857
(33) @) A ER)
Enrolled in 6.9999 8.5000 8.6250 5.5000 8.0588
math option (1) : (6) (8) (2) (17)
Not enrolled in 4.8511 8.0303 6.6400 6.1042 6.2809
math option | . (47) - (33) (50) (48) (178) -
‘ 7.0000 | 7.0000
4 : Q- | _ 1)
_ 9.0000 9.0000
5 , 1) €y
5.1605 8.0732 6.9153 6.1373 6.3362
(81) (41) (59) (51 (232)

Number shown in parenthesis.
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Means for interaction of group and whether or not the student is in the Elementary
Education Program math option pertaining to achievement in interpreting box and

whisker plots,
' Sub test #2
MATH 130 MATH 131 EDEL 333 EDEL 410
undecided 2.8182 4.5000 | 2.9143
' (33) 2 ‘ 35)
Enrolledin | 4.0000 4.1667 4.5000 3.5000 4.2353
math option (D) (6) (8) (2). a7 -
Not enrolled in 2.5957 4.0909 3.7800 3.3333 3.4045
~math option 47 (33) (50) (48) - (178)
: 4.0000 " 4.0000
4 (1) : 1)
: 4.0000 4.0000
5| | ) 1)
2.7037 4.1220 3.8814 3.3529 3.3966 .
(81) 41) (59) (51) (232)

Number shown in parenthesis.

Means for interaction of group and whether of not the student is in the Elementary
Education Program math option pertaining to achievement in understanding the meaning
of the shape and features of a graph,

Sub test #3 ,
MATH 130 MATH 131 EDEL 333 EDEL 410
undecided 4.7273 5.5000 4.7714
(33) 2 (35)
Enrolled in 5.0000 5.8333 5.7500 4.5000 5.5882
- math option (1) (6) (8) (2) (17)
Not enrolledin | 4.5319 5.3030 5.2000 4.7083 4.9101-
math option (47) (33) (50) (48) . (178)
‘ 6.0000 6.0000
4 (1) , (1)
5.0000 5.0000
5 ' 1) ()
4.6173 5.3902 5.2881 4.7059 4.9440
(81) ~ (41) (59) (51) (232)

Number shown in parenthesis.
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Means for interaction of group and whether or not the student is in the Elementary
Education Program math option pertaining to achievement in comparing centers, spreads,
and graphical representations of related data sets, ' '
Sub test #4
.MATH 130 MATH 131 EDEL 333 EDEL 410

undecided 2.8182 2.5000 . 2.8000
(33) ) (35)
Enrolled in 3.0000 2.6667 3.8750 3.0000 3.2941
math option €)) (6) ® 2) (17
Notenrolledin |  2.7447 3.0303 3.1600 3.1042 3.0112
math option (47) (33) (50) (48) (178)
' 3.0000 3.0000
4 Ne) . e
4.0000 4.0000
5 X0 @
27778 2.9512 3.2542 3.1176 3.0043
8D (41) (59) 1) (232)

Number shown in parenthesis.

Means for interaction of group and whether or not the student is in the Elementary
Education Program math option pertaining to achievement in using scatter plots and lines
of best fit.

Sub test #5
MATH 130 MATH 131 EDEL 333 EDEL 410
undecided 7.2727 8.5000 7.3429 .
(33) 2) (35)
Enrolled in 9.0000 8.3333 8.3750 7.5000 8.2941
math option ) (6) ) 2) (17)
Not enrolled in 7.2128 8.0303 8.0600 7.02083 7.6011
math option @47 (33) (50) (48)° (178)
8.0000 8.0000
4 1) 1)
9.0000 .| 9.0000
5 o) M _
7.2593 8.0976 8.1017 7.2549 7.6207
(81) (41) (59) (51) (232)

Number shown in parenthesis.
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TABLES OF MEANS for Hypothesis 6

- Means for grade taught during student teaching and whether or not student taught math

while student teaching pertaining to achievement in Overall Achievement

Taﬁght math

Did not
teach math

~ Total test
PreK-2 3-5 6-8

20.81 22.46 22.50 21.83
(16) 24) 2) (42)

25.00 ©19.00 19.86
) (6) @)

21.06 22.46 19.88 21.55
a7 24) ®) (49)

Number shown in parenthesis.

Means for grade taught during student teaching and whether or not student taught math
while student teaching pertaining to achievement when finding, describing and
interpreting mean, median and mode,

Sub test #1

PreK-2 3-5 1 6-8
Taught math 5.69 6.25 6.00 6.02
~(16) (24) ) (42)
Did not 8.00 5.83 6.14

teach math (D (6) @)

5.82 6.25 5.88 6.04
a7) (24) (8) (49)

Numbet shown in parenthesis.

Means for grade taught during student teaching and whether or not student taught math
while student teaching pertaining to achievement in interpreting box and whisker plots,

Sub test #2
PreK-2 T35, 6-3 :

Taught math 3.19 3.54 3.50 3.40
(16) 24) 2) (42)

Didnot| - 4.00 2.83 3.00

. teach math (1) - (6) . @)
3.24 3.54 3.00 3.35

(a7 (24) (& (49)

Number shown in parenthesis.
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Means for grade taught during student teaching and whether or not student taught math
while student teaching pertaining to achievement in understanding the meamng of the
shape and features of a graph,

Sub test #3

PrekK-2 3-5 - 6-8
Taught math 5.00 475 5.50 4.88
{6 (24) 2 (42)

Did not 3.00 4.00 .3.86 °

teach math (1) : (6) (7
. 4.88 4.75 438 4.73
an (24) (8 (49)

Number shown in parenthesis.

Means for grade taught during student teaching and whether or not student taught math
while student teaching pertaining to achievement in comparlng centers, spreads and
graphical representations of related data sets, :

- Sub test #4
PreK-2 3-5 6-8

Taught math 3.06 3.29 2.50 3.17
(16) (24) 2 (42)

. Did not 4.00 2.50 2.71
teach math (1) (6) @)
3.12 3.29 2.50 3.10

a7 (24) ) - (49)

Number shown in parenthesis.

Means for grade taught during student teaching and whether or not student taught math |

while student teaching pertaining to achievement in using scatter plots and lines of best -

fit.
Sub test #5 _
PreK-2 3-5 6-8
Taught math 6.75 7.71 7.50 7.33

_(16) (24) 2) (42)
Did not 9.00 6.17 6.57
teach math (1) (6) (7)
6.88 7.71 6.50 7.22
a7 (24) ®) (49)

Number shown in parenthesis.
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