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ABSTRACT 

This study consisted of two phases. The first phase investigated the 

effectiveness on achievement and attitude of training third-, fifth-, and sixth-

grade teachers on the Texas Education Agency's Probability, Statistics, and 

Graphing (PSG) Staff Development Module. The module required twelve 

hours of training and occurred over two consecutive days. The independent 

variable was the treatment. The dependent variables were achievement and 

attitude. The experimental design followed Solomon's Four-Group Design 

and involved 72 randomly selected teachers. Results indicated that the 

teachers who received the PSG training (experimental group) demonstrated 

significantly higher achievement scores in probability, statistics, and 

graphing and displayed significantly more positive attltudes toward the 

teaching of probability, statistics, and graphing. 

The second phase of the study investigated the effectiveness on 

student achievement of PSG instruction provided by teachers who attended 

the twelve-hour staff development module (experimental group) and by 

teachers who followed lessons from the district adopted textbook (control 

group) in the fifth-grade classroom. The independent variable was method 

of instruction. The dependent variable was student achievement in PSG. A 

pre-posttest design with nonequivalent groups was implemented and 

involved 111 fifth-grade students. The results from this phase of the study 

indicated that students provided PSG instruction by teachers who received 

the PSG module training demonstrated statistically significant achievement 

gains when compared to the control group. 
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These findings indicate that staff development programs provide a 

viable means of impacting teachers' knowledge and application of concepts 

as well as improving their attitudes toward the teaching of such concepts. 

Attending staff development programs provides teachers with an opportunity 

to improve their repertoire of teaching strategies and, ultimately, to positively 

impact student achievement. 
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CHAPTER I 

INTRODUCTION 

Background of the Study 

There is a growing movement to introduce the elements of probability, 

statistics, and graphing into the elementary and secondary school classroom 

as part of the basic literacy which all citizens of today's worid should 

possess (Garfield & Ahlgren, 1988). This movement is based on society's 

changing needs. North America was once populated by societies that relied 

primarily on industry; however, these societies now rely primarily on 

Information and technology. Due to these societal changes, students now 

need to understand how information is processed and translated into 

knowledge (Schufelt & Smart, 1983; Travers & Westbury, 1989). Therefore, 

it appears that the mathematics curriculum should reflect new basic skílls 

which teach students to make sense of numerical information. These skills 

are often required of one who reads a newspaper or magazine and of one 

who watches a television news report or advertisement. Often these forms of 

media contaín graphs, data, and/or surveys that require the reader or viewer 

to understand and analyze the numerical information provided (Schufelt & 

Smart, 1983; Shulte & Smart, 1981). 

In the past decade, statistics and probabílity have been major themes 

in publications of the National Council of Teachers of Mathematics (NCTM) 

(Shulte & Smart, 1981). The Conference Board of the Mathematlcal 

Sciences (1983) and the American Statistical Association (ASA) in 

conjunction with NCTM have also made efforts to emphasize the need to 

1 



Incorporate statistics into the curriculum (Garfield & Ahlgren, 1988; Burrill, 

1990). In addition, NCTM's document Curriculum and Evaluation Standards 

for SchoQl Mathematics. or the "Standards," devotes several sections that 

provide guidelines for implementing the teaching of probability, statistics, 

and graphing. These associations have published reports and books that 

provide the educator with a rationale for teaching probability, statistics, and 

graphing as well as numerous instnjctional activities that can be used in the 

classroom to teach the concepts and calculations required. However, there 

is very little research as to "how" probability, statistics, and graphing can 

most effectively be taught (Shaughnessy, 1992). 

Although there is an enthusiastic effort to present educators with new 

instmctional materials, there appears to be little known on effective teaching 

strategies for probability, statistícs, and graphing (Garfield & Ahlgren, 1988). 

The purposes of this study were to investigate the effectiveness of a 

probability, statistics, and graphing (PSG) training module on achievement 

and attitude toward the teaching of probability, statistics, and graphing 

among third-, fifth-, and sixth-grade teachers, and to determine the 

effectiveness of the training module on fifth-graders' achievement in 

probability, statlstics, and graphing. The PSG mathematics training module 

is a twelve-hour staff development module funded through the Texas 

Education Agency (TEA) and Eisenhower Grants that emphasizes teaching 

probability, statistics, and graphing with manipulatives, problem solving, and 

various concept-development techniques presented in 37 activities. 



Statement of the Problem 

The purposes of this study were to investigate the effectiveness of a 

twelve-hour mathematics Probability, Statistics and Graphing (PSG) training 

module on third-, fifth-, and sixth-grade teachers' achievement and attitude, 

and to determine the effectiveness of the training module on fifth-graders' 

achievement. 

Questions of the Study 

The study sought to answer the following research questions: 

1. Is there a statisticaily signifícant difference between the probability, 

statistics, and graphing achievement of third-, fifth-, and sixth-grade 

teachers who participate in the probability, statistics, and graphing staff 

development module and third-, fifth-, and sixth-grade teachers who did not 

particípate in the probability, statistics, and graphing staff development 

module? 

2. Is there a statistically significant difference in the attitude regarding 

probability, statistics and graphing of third-, fifth-, and sixth-grade teachers 

who participate in the probability, statistics, and graphing staff development 

module and of third-, fifth-, and sixth-grade teachers who did not particlpate 

in the probability, statistics, and graphing staff development module? 

3. Is there a statistically signíficant dífference in the probabílity, 

statistics, and graphing achievement of fifth-grade students who particlpate 

in instructional activities presented from the probability, statistics, and 

graphing staff development module and students who participate in 

instructional activities presented from the district-adopted textbook? 



Null HvDOtheses of the Study 

The following null hypotheses resulted from the questions of the study 

prevíously presented: 

Null Hypothesis 1: There will be no significant difference in the 

probability, statistics, and graphing achievement of third-, fifth-, and sixth-

grade teachers who participate in the PSG Staff Development Module and 

of third-, fifth-, and sixth-grade teachers who did not participate in the PSG 

Staff Development Module training. 

Null Hypothesis 2: There will be no significant difference in the 

attitude regarding the teaching of probability, statistics, and graphing of 

third-, fifth-, and sixth-grade teachers who participate in the PSG Staff 

Development Module and third-, fifth-, and sixth-grade teachers who did not 

participate in the staff development module. 

Null Hypothesis 3: There will be no significant difference in the 

probability, statistics, and graphing achievement of fifth-grade students who 

participate in instructional activities presented from the PSG Staff 

Development Module and fifth-grade students who participate in 

instmctional actívíties presented ín the district-adopted textbook. 

Design of the Studv 

The study consisted of two phases. The first phase sought to 

determine the effectiveness of training third-, fifth-, and sixth-grade teachers 

from a Texas Education Agency probability, statistics, and graphing 

mathematics module on teacher achievement and attitude. The module 

required 12 hours of training and occurred over two consecutive days. The 



independent variable was the math module training. The dependent 

variables were: (a) achievement and (b) attitude toward teaching these 

topics. The experimental design followed Solomon's Four-Group Design 

and involved 72 randomly assigned teachers (37 in the treatment group and 

35 in the control group). 

The second phase of the study concentrated on examinlng the 

effectiveness of providing probabillty, statistics, and graphing instruction 

from the activities presented in the training module as compared to activities 

presented in the district-adopted textbook on the achievement of fifth-grade 

students. A total of six classes, approximately 111 students, participated in 

the study (78 per treatment and 33 per control group). A pre-posttest design 

with nonequivalent treatment and control groups was implemented. The 

independent variable was method of instruction. The dependent variable 

was PSG achievement. 

Limitations of the Study 

The first phase of this study was experímental and was limited to: (a) 

72 third-, fifth-, and sixth-grade teachers (37 forthe control group and 35 for 

the experimental group) from a South Texas independent school district. 

Therefore, the results in this study cannot be generalized to all teachers 

partícipating in staff development; and (b) investigating the effects of one 

PSG mathematics training module from 37 training modules created by the 

Texas Education Agency and supported with Eisenhower funds; therefore, 

the study cannot determine the effectiveness of all TEA math modules. 



The second phase of the study was limited to: (a) 111 fifth-grade 

students (78 for the treatment group and 33 forthe control group). Although 

the PSG training module is designed forthird- through sixth-grade teachers, 

this study only investigated the effectiveness of the training module on fifth-

grade students. Therefore, the study cannot assume that the results will be 

applicable to other grade levels; (b) a quasi-experimental design (second 

phase of the study) utilizing fifth-grade teachers from both the treatment and 

control groups to investigate the module's effectiveness in the classroom; 

thus, the study's findings cannot be applied to all fifth-grade classrooms; 

and (c) the use of the district's adopted mathematics textbook as the primary 

resource forteaching probability, statistics, and graphing within the control 

group. Therefore, the study cannot assume that the results comparing the 

module's effectiveness to the textbook's effectiveness are representative for 

all mathematícs textbooks. 

The study was limited to: (a) inítial and delayed posttests that were 

developed by the researcher for teacher and student assessment on 

achievement due to the unavailabílity of suitable standardized tests for the 

study's purpose; therefore, the assessments apply only to this research 

study and lack multiple opportunities to establish reliability and validity; and 

(b) a researcher-desígned Probability, Statistics, and Graphing Attitude 

Survey that was constmcted due to the unavailability of a suitable measure 

in this area; therefore, the attitude survey applies specifically to this research 

study and lacks multiple opportunities to establish reliability and validity. 



Definition of Terms 

Achievement - According to the Living Webster Encyclopedic 

Dictionarv of the English Language (1977), achievement is defined as the 

"act of achievlng or performing..." (p. 9). The term "achieve" is defined as 'lo 

perform or execute; to accompllsh; to finish or carry on to final and 

successful close" (p. 9). Achievement was measured using a researcher-

designed assessment that had 20 items on the teacher assessment and 15 

items on the student assessment. These instruments focused on items 

assessing the probability, statistics, and graphing content knowledge of 

teachers and students and was aligned to the Texas Essential Elements. 

Attitude - The perceived view that one has with regard to (a) self-

concept of one's ability to teach probabilíty, statistics and graphing; (b) self-

concept of one's ability to solve problems in probability, statistics, and 

graphing; and (c) the enjoyment of teaching and solving problems in 

probability, statistics and graphing. The teachers were assessed on the 

aforementioned areas utilízing the Probabilíty, Statistics and Graphing 

Attitude Survey (PSGAS) consisting of 21 statements in which teachers 

responded by selecting one of five responses from "Strongly Disagree" to 

"Strongly Agree." 

Graphing - Refers to the constmction, reading, and interpretation of 

graphs such as: bar graphs, histograms, pie charts (circle graphs), line 

graphs, tables and other various graphs. 

Method of Instmction - The two methods of instmction being 

investigated consisted of activities presented in Module 8 on probability, 

statistics, and graphing and of activities presented in the district-adopted 



textbook. The teachers in the experimental group could select from 27 

activities provided in the PSG module and the teachers in the control group 

could select from 13 lessons provided in the district-adopted textbook. 

Multivariate Analvsis of Variance (MANQVA^ -- A statistical technique 

for determining whether several groups differ on more than one dependent 

variable. A vector refers to the scores on two or more dependent variables. 

Each subject in the study has a vector score. The centroid refers to the 

mean vector score. A MANOVA determines whether or not there are 

statistically significant differences between the centroids (Borg & Gall, 1989). 

Probability - Refers to the ability to: (1) model situations by devising 

and carrying out experiments or simulations to determine probabilities and 

by constructíng a sample space; (2) make predíctions that are based on 

experimental or theoretical probabilítíes; and (3) develop an apprecíation for 

the pervasíve use of probabílíty ín the real worid. 

Probability. Statistics. and Graphing Module 8 ~ A twelve-hour staff 

development program on Probabllity, Statistics and Graphing that was 

developed through the funding of Eisenhower Grants by the Texas 

Education Agency for third- through sixth-grade teachers. This module is 

one of 37 federally funded modules whích address different topics and 

grade levels from prekindergarten through twelfth-grade. This training 

emphasizes concept-development techniques such as: activity-based 

experiences utílizing manipulatíves, probiem solving, and instmctional 

situations such as small and large group wori<. 

Statistics ~ According to the English Language Institute of America 

(1977) "statistics" is, 'The science of systematic collection, organization and 
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mathematical analysis of quantifiable data so as to present descriptive 

information about the data, to induce characteristics of a large population of 

which the data is constmed as representative, or to infer the significance of 

underiying factors whose effects are reflected in the data." For the purpose 

of this study, statistical achievement will be referred to as a students' ability 

to: (a) systematically collect, organize, and describe data; (b) construct, 

read, and interpret tables, charts, and graphs; (c) make inferences and 

convíncing arguments that are based on data analysis; (d) evaluate 

arguments that are based on data analysis; and (e) develop an appreciation 

for statistical methods as powerful means for decision making (National 

Council of Teachers of Mathematics, 1989). 

Textbook ~ A district-adopted document that was approved and 

funded the by the State of Texas. Each teacher received a teacher's edition 

and ancillary materials, and one student textbook is provided to each 

student in the district. The textbook is divided into chapters on topics 

including probability and statistics. Graphing activities are located 

throughout the textbook in various chapters. Manipulatives, when included, 

are typically used to introduce a concept. Most of the lessons emphasize a 

highly stmctured teaching method that is teacher directed and follows the 

Lesson Cycle. Components of the iesson cycle are: (1) Initial Teach, (2) 

Guided Practice, (3) Independent Practice, (4) Evaluation, and (5) 

Assessment/Feedback (Joyce & Weil, 1986). 



Summary 

The first part of the study concentrated on investigating the 

effectiveness on achievement and attitude of providing probability, statistics, 

and graphing staff development to third-, fifth-, and sixth-grade teachers 

utilizing a Texas Education Agency developed probability, statistics, and 

graphing module. The second phase of the study concentrated on 

examining the effectiveness of providing probability, statistics, and graphing 

instruction from the activities presented in the training module as compared 

to activities presented in the district-adopted textbook in order to evaluate 

their comparative usefulness on the achievement of fifth-grade students. The 

following chapter presents a review of the literature in the areas of: 

Probability, Statistics, and Graphing; Staff Development; Attitude Toward 

Mathematics; Problem Soiving; and Manipuiatives. 
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CHAPTER II 

REVIEW OF THE LITERATURE 

In this chapter, the review of literature is presented on: (1) the need for 

research in probability, statistics, and graphing; (2) staff development; 

(3) teachers' attitudes in the mathematics classroom; (4) problem solving; 

and (5) manipulatives in mathematics. Research on problem solving and 

manipulatives is presented because the majority of the PSG Module 

activities emphasized problem solving and incorporated hands-on 

experiences via manipulatives. 

The Need for Research in Probability. Statistics. and Graphing 

There has been a growing endeavor to incorporate probability and 

statistics within the elementary school classroom as part of the basic literacy 

which all citizens of today's world should possess (Shaughnessy, 1992; 

Garfield & Ahlgren 1988). This movement is based on society's shlfting 

needs that have evolved from a reliance on industry in past decades to a 

reliance on information and technology. Due to these societal changes, 

students now need to understand how information is processed and 

translated into knowledge (Schufelt & Smart, 1983; Travers & Westbury, 

1989; NCTM, 1989). 

In 1989, the National Council of Teachers of Mathematics (NCTM) 

developed the Curriculum and Evaluation Standards for School 

Mathematics. also referred to as the "Standards." This document calls 

attention to our schools and how they are actually a product of the industrial 
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age. In those times, the goals of education were to train students to become 

workers in the fields, factories and shops. The students needed to be literate 

enough to be informed voters. Education encompassed the teaching of 

minimum competencies in reading, writing and mathematics and more 

advanced training occurred with only a selected few. 

However, the educational system, which is a product of the industrial 

age, no longer meets the needs of our new informational and technological 

society. The new social goals for education include: mathematically literate 

workers, intelligent consumers, the concept of lifelong learning, opportunity 

forall, and an informed electorate (NCTM, 1989). 

In order to achieve the social goals discussed above, emphasis on 

three of the most prominent uses of mathematics in our everyday life should 

be researched and implemented: probability, statistics and graphing (Van 

de Walle, 1990). Society constantly encounters different forms of probability 

such as the likelihood of a tornado touching down in a given area, winning a 

lottery, or having twins. The skill of statistics is demanded of anyone who 

reads a newspaper or magazine or watches a television news report or 

advertisement. The public encounters graphs and statistics through opinion 

polls, population trends, health risks, and student progress reports in 

schools. Therefore, the mathematics curriculum should prepare students to 

make sense of numerical information through probability, statistics, and 

graphing (Shufelt & Smart, 1983; Shulte & Smart, 1981; Van de Walle, 

1990). 

In 1977-78, the National Assessment of Educational Progress (NAEP) 

conducted its second mathematics assessment. More than 70,000 nine-, 
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13-, and 17-year-old students were administered this instmment which 

covered a wide range of objectives (Carpenter et al., 1980). Approximately 

25 percent of the nine-year-old students were in grade three, and most of the 

remaining 75 percent were enrolled in fourth grade (Carpenter et al., 1980). 

One section of the NAEP exam focused on organizing and 

representing data specifically on tables, charts, and graphs. For all age 

groups, the students performed significantly higher on exercises that 

required direct reading of the graphs or tables and exercises that called for 

making comparisons. However, the percentage of correct answers to 

questions that required interpolation, extrapolation, or problem solving were 

drastically fewer. Table 2.1 provides an example of the questions asked and 

percentage of correct answers per age level (Carpenter et al., 1980, p. 240). 

Table 2.1 

Sample Graphing Questions and Responses on the 
National Assessment of Educationai Progress 

Mathematics Assessment 

Question Percent Correct 

Age9 Age 13 

Who had the most votes? 

Who had the least votes? 

How many votes did Lambert get? 

How many members of the team voted? 

Results from this study imply that students need experiences not only 

in constmcting and reading tables and graphs but also in higher levels of 

cognitive development such as making predictions, comparisons and in 

13 

94 
90 

91 

41 

99 
98 

98 

68 



searching for patterns (Carpenter et al., 1980). Lindquist (1992) stated, 

Traditional evaluations of children's understanding of data 
displays often consist of questions about 'lhe most popular 
response" or "the least favorite." A broader picture of 
students' understanding comes from observing children in 
the process of deciding on questions, gathering information, 
organizing and explaining results. (p. 24) 

Another section of the NAEP focused on probability, specifically in 

using mathematics to predict. Only 13- and 17-year-old students were 

assessed on this topic. On a classic probability question that had a sample 

space of ten ping-pong balls and the number of possible outcomes as two 

balls (with a number four on them), approximately one-third of each age 

level responded correctly. Several other types of probability questions were 

given such as those dealing with the constmction of a sample space [coin 

toss], predicting outcomes based on previous data [gender of next child that 

is born], and predicting which instmment was used based on a table of data 

that provided the outcomes [spinner] (Carpenter, 1981). The results 

indicated that the students' performance levels in probability were not 

satisfactory. This points out the need for more effective instmction in this 

area of the mathematics cuniculum (Carpenter et al., 1980). 

In 1986, NAEP conducted another study and reported the results in 

The Mathematics Report Card: Are We Measuring Up? (1988V This report 

also presented the directions in mathematical proficiency across four 

national assessments conducted duríng the 1970s and 1980s which 

involved a sample of approximately 150,000 students (Dossey, 1988). 

NAEP data were summarízed on a scale of 0 to 500 with five levels of 

proficiency being defined: 
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Level 150 - Simple Aríthmetic Facts 
Level 200 - Beginning Skills and Understanding 
Level 250 - Basic Operations and Beginning Problem Solving 
Level 300 - Moderately Complex Procedures and Reasoning 
Level 350 - Multi-step Problem Solving and Algebra 

(Dossey, 1988, p. 9) 

The results indicated that the average performance since 1978 has 

improved; however, gains have been primarily in low-order skills. Nearly all 

13- and 17-year-old students and almost three-fourths of the nine-year-old 

students performed at or above level 200. Although this data represents a 

slight increase in student performance, one must be aware that 26% of the 

nine- year-old students (third- and fourth-graders) did not acquire an 

understanding of basic math skills and concepts (Dossey, 1988). 

Less than one-fourth of the nine-year-old students reached level 250 

(Basic Operations and Beginning Problem Solving). Considering that 

computational skílls are generally taught ín the eariy grades, it is 

disappointing to see such low levels of proficiency. In fact, over one-fourth of 

the 13-year-old students do not yet possess the skills necessary to meet this 

level (Dossey, 1988). Therefore, it appears safe to assume that once again, 

students are not achieving high levels of proficiency in areas of probability, 

statistics and graphing; especially where higher order thinking skills are 

required. 

Perhaps one reason for the poor student performance can be 

attributed to the lack of instmction in probability, statistics, and graphing. In a 

survey conducted for the National Advisory Committee on Mathematical 

Education (NACOME) report (1975), it was found that 64 percent of 

elementary teachers provided little or no instmction in probability, and 52 
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percent taught little or no statistics and graphing (Gawronski & McLeod, 

1980). 

In 1980, the National Council of Teacher of Mathematics (NCTM) 

PUblÍShed An Aaenda for Action: Recnmmenriatinn.Q for Schnnl Mathpmati^^^ 

Qf the 198Qî?. This document was designed to provide decision-makers and 

concerned citizens with guidelines for action, and it presented several 

recommendations for restmcturing the mathematics curriculum (Hill, 1983). 

Recommendation 2 states that, "The concept of basic skills in mathematics 

must encompass more than computational facllity" (NCTM,1980). It 

acknowledges that our society is no longer the industrial society that it once 

was in 1950. Instead, it recognizes this era as an informational society and 

states several guidelines to prepare children for it: 

Students must be equipped with] mathematical methods that 
support the full range of problem solving, including ... methods 
of gathering, organizing, and interpreting information, drawing 
and testing inferences from data, and communicating results. 

(NCTM, 1980, p. 3) 

The Aaenda for Actinn specifies that there "should be increased emphasis 

on such activities as: locating and processing quantitative information; 

collecting data; organizing and presenting data; interpreting data; drawing 

inferences and predicting from data" (NCTM, 1980, p. 7). 

Another research report which supports the need to improve our 

mathematics curriculum in the area of probability, statistics and graphing 

was described in the document, The Underachievíng Curriculum: 

Assessinq U.S. School Mathematics from an Internatinnal Pftrspftntivp 

(1987). The goals of this document were developed based on the findings 
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of the Second International Mathematics Study. One of these goals calls for 

the instruction of mathematics in areas that are typically ignored or covered 

only briefly in elementary classrooms. These areas include geometry, 

probability and statistics, and metríc measurement (McKnight et al., 1987). 

In 1989, the National Research Council published Everybody Counts: 

A Report on the Future of Mathematics Educatinn. This report examined 

American mathematics education from kindergarten through graduate 

school and discussed areas such as curriculum, teaching, assessment, 

human resources and national needs. It recognized that mathematics 

education had already begun to restructure and transform itself. In addition, 

it provided a course of action to assist in these changes. One of these 

suggested actions involved providing students who are placed ín lower track 

math courses exposure to problem solving, geometry, probability, statistics, 

and measurement (National Research Council, 1989). 

In the document, Reshaping School Mathematics: A Philosophy and 

Framework for Curriculum (Mathematical Sciences Education Board, 1990), 

a call is made for focusing mathematics education on the development of 

mathematical power. This power mandates that students should be able to 

communicate about mathematics. Not only does mathematical power 

involve the reading of textbooks, but also the reporting (both orally and in 

written form) of the procedures and/or findings of mathematical 

investigations. It asserts that topics in probability, statistics, and graphing 

can provide students with numerous opportunities to read, write, and speak 

about mathematics. 
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Perhaps the most widely known and adopted document throughout 

the education profession is the NCTM's Curriculum and Evaluation 

Standards for School Mathematics (1989). The "Standards" were designed 

as a broad framework to guide reform in mathematics throughout the next 

decade. It provides guidelines as to the future of mathematics in regards to 

content priorities and emphasis. According to the "Standards," the goals for 

students are presented as five general objectives, in order to facilitate 

mathematical literacy. Students should: "(1) learn to value mathematics; 

(2) become confident in their own abilities; (3) become mathematical 

problem solvers; (4) learn to communicate mathematically; and (5) learn to 

reason mathematically" (NCTM, 1989, p. 5). 

Within the "Standards" (1989), 54 individual standards are divided 

among four areas: Grades K-4, 5-8, 9-12, and Evaluation. Each standard 

begins with a statement or statements regarding "What" should be included 

in the curriculum and is followed with a description of student activities that 

correlate with the statement(s) and provides discussions regarding 

instructional examples (NCTM). 

In grades K-4, Standard 11: Probability and Statistics states that the 

mathematics curriculum "should include experiences with data analysis and 

probability so that students can collect, organize and describe data; 

construct, read, and interpret displays of data; formulate and solve problems 

that involve collecting and analyzing data; and explore concepts of chance" 

(NCTM, 1989). 

In grades 5-8, Standard 10: Statistics states that the mathematics 

curriculum, 
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should include exploration of statistics in real-world situations 
so that students can systematically collect organize and describe 
data; constmct, read, and interpret tables, charts, and graphs, 
make inferences and convincing arguments that are based on 
data analysis; appreciation for statistical methods as powerful 
means for decision making. (NCTM, 1989, p. 105) 

Standard 11: Probability is a separate standard within the document 

for grades 5-8. It states that the mathematics curriculum, 

should include explorations of probability in real-world situations 
so that students can model situations by devising and carrying out 
experiments or simulations to determine probabilities; model 
situations by constructing a sample space to determine 
probabilities; appreciate the power of using a probability model 
by comparing experimental results with mathematical expectations: 
make predictions that are based on experimental or theoretical 
probabilities; develop an appreciation for the pervasive use of 
probability in the real world. (NCTM, 1989, p. 108) 

In John Paulos' book, Innumeracy: Mathematical llliteracv and Its 

Consequences (1988), a teacher informed his students that the weather 

report for the upcoming weekend predicted a 40% chance of rain on 

Saturday and a 60% chance of rain on Sunday. When the teacher asked, 

"What is the overall chance of rain occurring this weekend?" The students 

incorrectly responded that there would be a 100% chance of rain. This 

example demonstrates the critical need to implement probability and 

statistics into the curriculum as a basic skill. Unfortunately, teachers tend to 

delay or avoid instmction in these areas due to several factors. First, the 

traditional elementary curriculum focuses on computational skills. Teachers 

feel that there is little time for instmction in probability and statistics. 

Secondly, if probability and statistics is covered, it is usually only for a brief 

period of time and is not taught in detail. Finally, many teachers do not feel 
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confident in their own knowledge of probability, statistics, and graphing; 

therefore, they are less inclined to teach it. 

In the past decade, probability and statistics have become major 

themes in publications of NCTM (Shulte & Smart, 1981). The Conference 

Board of the Mathematical Science (1983) and the American Statistical 

Association (ASA) in conjunction with NCTM have also made efforts to 

emphasize the need to incorporate statistics into the curriculum (Garfield & 

Ahlgren, 1988; Burrill, 1990). The National Advisory Committee on 

Mathematical Education (NACOME) Report (1975) recommended that more 

be done in order to integrate probability and statistics into elementary 

schools as well as secondary schools (Gawronski and McLeod, 1980). 

These associations have published reports and books that provide the 

educator with the rationale for teaching statistics. They also provide 

numerous activities that can be used in the classroom to teach the concepts 

and calculations required in probability and statistics. However, there is very 

little research as to "how" statistics can be taught effectively (Garfield & 

Ahlgren, 1988). 

Research on Staff Development 

In this era of mdimentary mathematical change, teachers are 

expected to increase students' mathematical power through a variety of 

methods, including hands-on experiences and the usage of manipulatives. 

This change also involves the incorporation of various teaching strategies 

including cooperative learning and discovery learning. These forms of 

instruction call for dramatic change in our current mathematical curricula. 
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Teachers tend to teach the way they were taught. Bush (1982) found that 

preservice teachers' behavior was consistent with their conceptions of 

mathematics teaching. He noted that the teachers' views were largely based 

on their own schooling experience as mathematics students and that few 

apparent changes in their conceptions were affected as a result of their 

participation in the professional training program. Traditionally, mathematics 

instruction involves heavy emphasis on computational skills through drill 

and practice in which direct instruction is the key strategy employed (Lester 

et al., 1994). Weissglass (1994) states that most instruction occurs with the 

teacher in the front of the classroom while the students listen and work 

Individually. In this setting, students usually memorize facts and procedures 

instead of engaging in higher level thinking skills. The aforementioned 

research indicates that this form of traditional instruction is no longer 

effective. 

Archer (1972) sought to investigate if college students could benefit in 

learning a mathematics topic through the usage of visual aids and 

manipulatives. Thirty-three college freshmen were randomly assigned to 

either concrete, semi-concrete, or abstract treatment groups. Each treatment 

group was administered an achievement and transfer pretest. Next, the 

treatments occurred in three, 60-minute sessions, and achievement and 

transfer posttests were administered immediately following the conclusion of 

the treatments. In addition, a retention test was administered 25 days later. 

A 3 X 3 factorial design using an analysis of variance technique was 

performed and no significant differences were found between the treatment 

groups; however, significant differences did occur between the 
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concrete-group and the semi-concrete group on all posttests in favor of the 

concrete treatment group. The most significant finding of the study indicated 

that participants may be able to achieve, transfer, and retain knowledge 

better if they are provided with concrete manipulative aids (Archer, 1972). 

In an effort to provide methods for improving or establishing 

probability, statistics, and graphing in elementary instruction, one must 

address the issue of teachers' lack of knowledge in these areas and also 

their lack of knowledge as to how the best instruction can be provided. Wirtz 

(1974) states, "There is little doubt that teachers want help in teaching 

elementary mathematics. Teachers are painfully aware that their repertoire 

of effective activities in this field is limited" (p. 8). 

One such method of solving the above issue undoubtedly includes 

emphasizing the training of teachers. Showers, Joyce, and Bennett (1987) 

state that an effective training program should involve theory, demonstration, 

practice and feedback. In addition, Wood and Thompson (1980) state that 

training should include opportuníties in which participants actively practice 

what they learn with each other and in small groups. This training can be in 

the form of staff development. Reform efforts are calling for changes to be 

made in mathematical Instmction, emphasis on content, and the strategies 

employed. Through effective staff development, these changes can be 

implemented. 

Wiesner (1989) conducted a study on concept learning and the 

learning of strategies for teaching graphing, probability, and statistics among 

elementary and secondary mathematics teachers. The study consisted of 56 

teachers in a one-shot case study. The teachers took a pretest on 
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achievement. After the treatment on the Probability, Statistics, and Graphing 

Module designed for sixth- through eighth-grade teachers, a posttest was 

administered. Analysis showed that the achievement posttest scores were 

significantly higher (t = 6.82, df = 28, p < .0001) than the pretest scores. In 

addition, the teachers completed a survey involving demographic data, 

educational training, attitudes and beliefs regarding manipulatives and their 

use. An analysis of variance was performed to test for the effect levels of the 

mathematics training on the posttest. Two factors were found significant: 

level of college mathematics studied (F = 19.14, p < .02) and level of high 

school mathematics studied (F = 4.59, p < .02). A series of Single Samples 

Chi-Square analyses were performed and significant relationships existed 

between levels of certification and (a) value of manipulative use, and (b) 

teachers' remembrances regarding the way in which they were taught 

mathematics concepts. Wiesner concluded that these results suggested that 

sígnifícant amounts of conceptual learning did take place as a result of 

workshop participation. Pretest sensitization was not found to be a 

contributing factor after analysis occurred. Nine interviews were conducted 

and although statistical analysis did not occur, Wiesner determined that the 

PSG staff development module helped each teacher understand some 

concepts better and that new techniques for teaching these concepts were 

learned. Some limitations of the study were that the study was a one-shot 

case study with no control group and the teachers volunteered to attend the 

inservice, thus random selection did not occur and the sample used may not 

have been representative of the population. 
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Another study involving 16 students enrolled in a Master of Science in 

Teaching program at the University of Chicago sought to investigate the 

following questions: (1) Does an extended learning experience that uses 

manipulative materials in a learner-focused manner increase the desire of 

trainees to use manipulative materials in teaching mathematics, increase the 

trainees' ability to use manipulatives in teaching mathematics, and increase 

the trainees' use of manipulatives in teaching mathematics?; (2) Does an 

extended learning experience that uses manipulatives in a learner-focused 

manner increase the desire of trainees to teach mathematics in learner-

focused ways and increase the extent to which trainers teach in learner-

focused ways?; and (3) Does an extended learning experience that uses 

manipulative materials in a learner-focused manner increase a trainee's 

understandlng of elementary mathematics? (Fuson, 1975). 

The treatment consisted of 20 sessions; two and one-half hours in 

length utilizing lessons constructed and taught by the researcher that 

emphasized manipulatives and mathematics teaching methods. In 

answering the first question, the researcher found that the students showed 

a significant mean increase in both their physical demonstrations with 

manipulatives and their vertDal explanations that accompanied the student 

demonstrations. In addition, all the trainees used manipulatives in their 

student teaching experiences except when restricted by the cooperating 

teacher. In answering the second question, a Likert-type survey indicated 

that the student teachers' attitudes toward providing learner-focused 

experiences were significant at the p < .001 level. Results for the third 

question were analyzed from student teacher interviews and 
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demonstrations, and tended to support, although no statistical analysis 

occurred, that the trainees did increase their understanding of mathematical 

concepts utilizing the manipulatives. 

Hyde (1989) reports that there are several organizational factors 

which can directly hinderthe effectiveness of mathematics teaching and staff 

development. First, teachers are generally isolated from their peers and 

receive little feedback, support or assistance for improvement of their 

teaching strategies (Stigler & Stevenson, 1991; Clarke, 1994; Hyde, 1989). 

It is rare that an "expert" mathematics person is available on the campus to 

improve instruction (Hyde et al., 1994). 

The typical approach adopted by school districts in regard to staff 

development is "piecemeal and episodic" (Hyde, 1989). In addition, Zigarmi, 

Betz, and Jensen (1977) found that "one-shot" workshops that occur after 

school or for one day were very common in the United States; however, 

these "one-shot" workshops were found to be virtually ineffective. Teachers 

are often provided with inservices, workshops, and/or speakers but tend to 

perceive them as a set of unconnected experiences. In order for these 

experiences to be meaningful, they must be planned and continuous (Keitel 

&Kilpatrick, 1981). 

Since 1986, the Texas Education Agency has sought to address staff 

development needs in mathematics for prekindergarten through twelfth-

grade teachers. This effort, funded with Eisenhower monies, has produced 

37 staff development modules specifically designed to address various 

topics in mathematics. Typically, the modules are divided to address various 

grade levels (i.e., prekindergarten through kindergarten; kindergarten 
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through second-grade; third- through sixth-grade; sixth- through eighth-

grade; and ninth- through twelfth-grades). Each module addresses various 

concepts for each grade level. For example, there is a measurement 

module, a geometry module, a problem-solving module, and a probability, 

statistics, and graphing module for each grade-level category presented 

above except prekindergarten and ninth- through twelfth-grade. Typlcally, 

the modules are twelve hours in length. Each module concentrates on 

teaching the concepts through hands-on activities emphasizing 

manipulatives, problem solving, and small or large group work. The goal of 

the modules is to provide teachers with staff development in all areas 

pertinent to the grade-level taught. The modules were divided into mini-staff 

development modules in an effort to better facilitate the training of teachers 

due to scheduling difficulties while still providing continuous inservices. 

Each module addresses the Texas' Essential Elements. Trainers of the 

modules are certified upon completion of training sessions. 

Another organizational factorthat causes havoc in the current efforts 

to improve mathematics instruction are the policies, guidelines, and 

expectations for the amount of materials to be covered per grade level. 

Teachers are becoming more aware of the need to enhance students 

instruction and in fact, many often begin by teaching students material at the 

conceptual level. However, time constraints often cause the teachers to 

experience pressure, thus limiting the amount of instruction at the 

conceptual level in orderto coverthe objectives required (Hyde, 1989). One 

goal of the mathematics staff-development modules is to provide teachers 
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with additional resources for integration of the mathematics materials that 

are to be taught. 

School district leaders need to be thoroughly aware of the current 

curricular reforms that are being recommended and implemented in 

mathematics, especially those recommendations provided by the 

"Standards" (Clarke, 1994; Hyde, 1989; NCTM, 1991). School 

administrators must understand that the reform efforts will require time for 

mathematics; 'lime for teachers to plan, to reflect, to help each other improve 

instruction; time for professional development; and time to interact with the 

community" (NCTM, 1991). Also, schools need to provide adequate 

resources, equipment, time, and funding to support the teaching and 

learning of mathematics (NCTM, 1990; Willoughby 1990; Loucks-Horsley, 

1987). In addition to the Texas Education Agency's staff development 

modules for teachers, there is a six-hour module for administrators and 

school board members that seeks to provide these school officials with the 

awareness of current mathematical reforms and teaching strategies that are 

available for instruction utilizing manipulatives, problem solving, and small 

and large group work. It is hoped that this awareness will assist 

administrators in supporting the curriculum reforms sought. 

In 1991, NCTM published a companion document to the "Standards 

(1989) titled, Professional Standards forTeaching Mathematics. also 

referred to as the "Professional Standards." The goal of this set of standards 

was to assist those who are involved in the changing of mathematics 

instruction. It is based on the following two assumptions: (1) 'Teachers are 

key figures in changing the ways in which mathematics is taught and 
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learned in schools," and (2) "Such changes require that teachers have long-

term support and adequate resources" (NCTM, 1991, p. 2). 

In order to bring about the dramatic curriculum reforms that are being 

advocated through the various mathematical organizations and society, 

professional development for teachers will have to occur. However, the key 

to achieving this goal is creating effective professional development. Joyce 

(1990) states, 'A/Vhether better-designed curriculums will be implemented, 

the promise of new technologies realized, or visions of a genuine teaching 

profession take place, all depend to a large extent on the strength of the 

growing staff development programs ..." (p. xv). Therefore, the examination 

of teachers' roles in professional development needs to be established and 

the key characteristics in creating an effective staff development program 

should be defined. 

According to the NCTM's "Professional Standards," teachers have 

several roles in professional development. These roles require teachers to 

accept responsibility for: 

...experimenting thoughtfully with alternative approaches 
and strategies in the classroom: reflecting on learning and 
teaching individually and with colleagues; participating in 
workshops, courses, and other educational opportunities 
specific to mathematics; participating actively in the 
professional community of mathematics educators; reading 
and discussing ideas presented in professional 
publications; discussing with colleagues issues in 
mathematics and mathematics teaching and learning; 
participating proposing, designing, and evaluating 
programs for professional development specific to 
mathematics; participating in school, community, and 
political efforts to effect positive change in mathematics 
education. (NCTM, 1991, p. 168) 
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In order to assist teachers in achieving the roles established by the 

NCTM 's "Professional Standards," effective staff development programs 

must take place. Research has shown that effective implementation of 

curriculum reforms and innovations greatly depended on staff development 

(Fullan, 1990). What constltutes an effective professional development 

program? Accordingto Continuing to Learn: A Guidebook for Teacher 

Development (1987), there are several characteristics of a successful staff 

development program: 

- Collegiality and collaboration 
- Experimentation and risk taking 
- Incorporation of available knowledge bases 
- Time to work on staff development and assimilate new learning 
- Leadership and sustained administrative support 
- Appropriate participant involvement in goal setting, 

implementation, evaluation, and decision making 
- Appropriate incentive and rewards 
- Designs built on principles of adult learning and the change 

process 
- Integration of individual goals with school and district goals 
- Formal placement of the program within the philosophy and 

organizational structure of the school and district. (p. 8) 

The "incorporation of available knowledge bases" is an important 

characteristic for providing effective staff development. It entails 

incorporating both theoretical and practical aspects into the procedures 

(Hyde, 1989). Implementing research can encourage reflection, discussion, 

and a desire to improve as well as providing guidance into ways that will 

increase student leaming. This does not mean that the theoretical aspect 

should determine exactly how a teacher should behave in the classroom, 

but as information which should be adapted to fit the needs of each 

individual situation (Loucks-Horsley, 1987; Snyder, Bolin, & Zumwalt, 1992). 
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The PSG module provides teachers with both theoretical and practical 

aspects in an effort to increase teachers' knowledge bases. 

The characteristic 'Time to work on staff development and assimilate 

new learning" is another important ingredient. Time is needed to permit 

teachers to watch, practice, commit to changes, and work innovations 

smoothly into their daily routine (Loucks-Horsley, 1987). Hyde (1989) states 

that teachers, in order to achieve vertical transfer, need opportunities ortime 

to learn new teaching ideas, try out these new ideas, and have coHegial 

reflection. Unfortunately, the staff-development modules are not necessarily 

designed to provide teachers with the opportunity to experience the staff 

development training, return to the classroom for experimentation, and 

follow up with later sessions for reflection and feedback. However, this 

component can easily be included if the school distríct divides the sessions 

into mini-sessions. For example, a twelve-hour module can be presented 

over two consecutive days with six-hour sessions. This schedule would not 

permit teachers to try the activities presented in the first session so that 

reflection and feedback could occur during the following session. However, 

the same twelve-hour module might be divided into four days of three-hour 

inservices spread over a month for this purpose. The decision of scheduling 

and addition of this component is left for the school district to decide. 

Incorporating "Designs built on principles of adult learning and the 

change process" can increase the program's efficiency. Studies on adult 

development have provided many guidelines which should be taken into 

consideration for growth to occur. These guidelines, according to Sprinthall 

and Thies include: 
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1. Teachers should be exposed to significant, direct, and active role-
taking experiences in which they must employ new models, not 
merely hear about, observe, or experience them vicariously. 

2. These role-taking experiences must be appropriate for the teacher's 
state or stage of development; the potential learning should 
neither be "beyond the reach nor below the grasp" of the 
individual. 

3. Careful and continuous guided reflection must accompany the 
experiences. Experiences and reflection must be balanced, since 
they are equally important. 

4. Experience and reflection should be continuous processes, probably 
occurring over at least a one-year period. 

5. Both personal support and challenge are necessary. To relinquish 
established systems of thought and action , a person has to be 
dissatisfied with existing modes and get assistance from 
sympathetic and supportive others in making the transition to new 
modes. (Hyde, 1989, pp. 226-227) 

Joyce and Showers (1983) discuss two forms of transfer: horizontal 

and vertícal. Horizontai transfer is defined as taking what is learned in the 

staff development program and readily transferring it into classroom practice. 

Implementing dramatic mathematical changes in the classroom can rarely 

occur through horizontal transfer because the information obtained during a 

staff development session rarely meets the needs of students within each 

classroom setting (Hyde, 1989). 

In order to implement major changes in mathematical teaching a 

teacher must use vertical transfer. This is providing the teachers with 

knowledge regarding mathematical innovation and also providing them with 

"applied knowledge" in which teachers are provided the opportunity to wort< 

out the new ideas, practices, and strategles in their own classrooms (Hyde, 

1989, p. 231). The modules combine both horizontal and vertical transfer. 

Because the modules are designed for specific grade levels and provide 
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activities to be incorporated into the classroom, some activities may be 

directly implemented in the instmction; however, interactions between the 

trainer and teachers often occurs to assist teachers in deciding how to best 

adapt these instructional activities to meet the needs of their students. 

Understanding the stages of transfer and implementation of 

curriculum reforms is referred to as the "change process." Professional 

development is most effective when it occurs often enough and long enough 

to promote change in knowledge, skill, and confidence in a progressive way 

(Fullan, 1990). This indicates that one-day inservices are virtually ineffective 

because the "change process" is not considered (Loucks-Horsley, 1987). 

Research on Teachers' Attitudes in the Mathematics Classroom 

The purpose of this section is to present research that focuses on 

teachers' attitudes toward mathematics and how it affects classroom 

instruction. Alba Thompson states that little research has been conducted in 

considering teachers' conceptions regarding the mathematics content that 

they are teaching to their students, and that research focuses more on how a 

teacher performs in the classroom (Silver, 1985). 

Sepie and Keeling (1979) conducted a study on 246 elementary 

school students and found that nine- to eleven-year-old children's poor 

achievement in mathematics was statistically correlated to high mathematics 

anxiety (r = .72, c < .05). Tobias (1978) stated that once a student begins to 

fear mathematics, it is likely that this student will avoid taking mathematics 

courses whenever possible. One factorthat may influence high student 

anxiety toward mathematics is related to teacher attitudes and anxiety 
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toward mathematics. Several researchers have concluded that teachers' 

attitudes toward a subject may have greater impact on students' attitudes 

toward a subject than instmctional varíables (Burton and Russell, 1979; 

Aiken, 1976; Wright and Miller, 1981). Tobias (1981) suggested that the 

major source of students' mathematics anxiety is school related. She states 

that time pressure, humiliation, emphasis on the right answer, and working 

in isolation are common factors that negatively impact students' attitudes 

and anxieties. 

In an effort to determine factors that are related to mathematics 

anxiety, Ramirez (1985) sampled 749 Hispanic college students. The 

dependent variable was mathematics anxiety and two independent 

variables were mathematics attitude and mathematics achievement. Results 

indicated that students' mathematics attitude correlated inversely and 

significantly (p < .0001) with mathematics anxiety. Findings suggested that 

as attitudes toward mathematics were measured as more positive, the 

college students' mathematics anxiety was decreased. This inverse 

relationship was also statistically significant with mathematics achievement 

(p < .0001). Results indicated that as mathematics achievement increased, 

positive attitudes increased and students' mathematical anxiety decreased. 

Results from studies by Butler and Austin-Martin (1981) and Kincaid 

and Austin-Martin (1981) indicated that female college freshmen who 

demonstrated greater confidence toward the learning of mathematics 

displayed significantly less signs of mathematics anxiety (p < .0001) and 

more positive attitudes toward mathematics. 
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Fuson (1975) conducted a study among 16 preservice elementary 

teachers. One questlon he sought to investigate asked if the preservice 

teachers' attitude would positively increase toward providing math 

instruction via manipulatives and various teaching strategies. After 

providing training of 60 hours, the results, from a Likert-type survey, 

indicated that preservice teachers' attitudes increased positively toward 

providing learner-focused experiences. This finding was significant at the 

p < .001 level. 

According to Hyde (1989), teachers are often criticized for their lack of 

mathematical knowledge; however, he states that this view may be too 

simplistic. Elementary teachers often do not have a strong foundation in 

mathematics, as many of them suffer from math anxiety and negative 

feelings. Weissglass (1994) stated that many teachers are scared to teach 

mathematics due to inadequate preservice preparation. Pearson (1980) 

reported that elementary teachers who suffer from mathematics anxiety may 

actually cultivate, unintentionally, this fear or dislike to their students. 

Many teachers have the belief that mathematics involves teaching 

computational skills, that problems have only one right answer, and that 

problem solving is performed quickly, as well as other misconceptions. As 

state and nationwide assessments take on alternative approaches with 

special emphasis on problem solving, educators are experiencing increased 

levels of mathematics anxiety. Typically, instruction in probability and 

statistics has been deemphasized or avoided because of príor emphasis on 

computation. Unfortunately, assessments in these areas are increasing, yet 
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many educators are having difficulty adjusting to the new demands because 

many are suffering anxiety (Shulte, 1982). 

A common goal of staff development programs is to change or 

enhance an educator's attitude, content knowledge, and/or style of 

instructional delivery. Clari<e (1994) states that this goal requires the 

participant to commit to change prior to the actual training and 

implementation of the innovation in the classroom. However, Guskey's 

alternative model (1986) states that teachers' attitudes and beliefs begin to 

change once they witness changes in their students' learning. Perhaps, a 

change in teachers' attitudes is a combination of both approaches where 

teachers, through training, begin to experience more positive attitudes 

toward the teaching of a previously uncomfortable topic, and after students 

experience success with the learned innovation, the teachers tmly 

internalize changed or enhanced attitudes. 

Research on Problem Solving 

The National Council of Supervisors of Mathematics published the 

"Position Paper on Basic Mathematical Skills" and identified problem solving 

as the first vital skill, of ten skills emphasized, and pointed out that "learning 

to solve problems is the principal reason for studying mathematics" (1989). 

In addition, the National Council of Teachers of Mathematics published 

"Recommendations for School Mathematics forthe 1980s" and stated that 

problem solving should be the focus of mathematics instmction and 

recommended the development of appropriate curriculum materials to 

address problem solving. 
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The State of Texas revised the Essential Elements in 1991. This 

provided districts with a set of objectives and for first- through eighth-grade 

in all content areas. In every set of grade-level mathematics objectives, the 

first Essential Element was titled, "Problem Solving." In revising the 

Essential Elements, care was taken to reflect the goals endorsed by the 

National Council of Teachers of Mathematics. 

The National Council of Teachers of Mathematics document referred 

to as the "Standards" highly endorses and recommends the teaching of 

mathematics as problem solving (1989). It should be the central focus of the 

mathematics curriculum and not treated as a separate unlt or sklll but should 

be integrated into every lesson. It is the process, a combination of inquiry 

and application, that allows students to experience mathematics in a real-

world setting. The "Standards" recommend opportunities so that students 

can: 

- use problem-solving approaches to investigate and understand 
mathematical content; 

- formulate problems from situations within and outside mathematics; 
- develop and apply a variety of strategies to solve problems, with 

emphasis on multistep and nonroutine problems; 
- verify and interpret results with respect to the original problems 

situation; 
- generalize solutions and strategies to new problem situations; 
- acquire confidence in using mathematics meaningfully. 

(NCTM, 1989, p. 75) 

Problem solving goes beyond the presentation of situations in word-

problem format because it requires the learner to solve the problems with 

independence, originality, creativity and evaluation (Dolan & Williamson, 

1983). Problem solving is different from traditional word problems in that the 
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problems are not "ready-made exercises with easily processed procedures 

and numbers" (NCTM, 1989, p. 76). It involves routine and nonroutine 

problems that require the student to identify relevant and irrelevant 

information and/or are problems having multiple solutions and/or include 

different approaches to solving the problems. Problem solving means that a 

student works "at a situation that is new, bringing remembered experiences 

to bear on the 'problem' in an effort to uncover something that is not obvious" 

(Wirtz, 1974, p. 39). 

One approach to assist students to become better problem solvers is 

to teach strategies. These include strategies, such as draw a diagram; make 

a table; look for a pattern; wori< backwards; act it out; use logical reasoning; 

and guess and check. These strategies provide students with alternative 

methods of solving problems especially when setting up the problem or 

when the application of an algorithm escapes them. These strategies also 

prepare students when they encounter real-world problems outside of the 

classroom. 

One method that provides students with the opportunity of discovering 

different approaches to solving problems or the possibility of multiple 

answers is through small-group work and cooperative learning. In these 

experiences, students learn from each other and the role of the teacher 

switches from one of direct instmctorto one of facilitator. In these settings, 

students can "discuss strategies and solutions, ask questions, examine 

consequences and alternatives, and reflect on the process and how it 

relates to prior problems" (NCTM, 1989, p. 77). 
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In 1987, Szetela and Super investigated the effectiveness of a year-

long program on approximately 800 seventh-grade students. Three groups 

were created: (a) 18 classes receiving no instmction in problem-solving 

strategies, (b) 10 classes receiving problem-solving strategies without 

calculators, and (c) 14 classes receiving problem-solving strategies with 

calculators. Results indicated that problem solving instmction without 

calculators was slightly more successful than traditional instmction. The 

group that received instmction in problem solving with calculators scored 

significantly higher than the other groups on the attitude-toward-problem-

solvlng test and did not have a negative effect on computations and 

concepts involving rational numbers. 

The results indicated that the problem-solving groups did not make 

the dramatic gains expected. Possible explanations included the trained 

teachers' lack of emphasis on George Polya's "Four-Step Method." The first 

step of this method requires the students to "Find Out" what the problem is 

asking and seek to understand what information is relevant and irrelevant. 

"Choose A Strategy" requires students to select a plan of action for solving 

the problem and may include previously mentioned strategies and/or 

operations. The third step is to "Solve the Problem" in which students 

actually obtain an answer. The final, and possibly most neglected step, is 

"Look Back." This step requires students to check the reasonableness of 

their answers. The researchers called for more classroom research in the 

area of problem solving and approaches such as Polya's Four-Stage Model 

(Szetela & Super, 1987). 
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Unfortunately, mathematics textbooks often provide problem-solving 

exercises which eliminate the need for students to rely on strategies. 

Typically, these problems are in the context of a word problem and 

immediately follow the taught lesson regarding the operations necessary to 

solve the problems. Presenting problem solving utilizing the textbook also 

decreases the opportunity for students to realize that mathematics can be 

used to solve problems in a variety of everyday situations and the text is 

often monotonous and unexciting (Dolan & Williamson, 1983; Stacey & 

Groves, 1985). 

Research on Manipulatives in Mathematics 

Several authors in the mathematics field have developed leaming 

theories that provide a theoretical basis regarding how children best learn 

mathematics. Robert Wirtz stated that children best leam mathematics 

through three dimensions or stages. First, a child should experience 

problems through manipulatíves. Later, the same concepts can be learned 

in the representational woríd in which students experience mathematics 

through sketches, pictures and diagrams. Eventually, students will be able to 

solve problems in the abstract world of symbols. An analogy to the need for 

beginning with manipulatives, as presented by Robert Wirtz, is that a student 

may be able to say the word "dog" and may even be able to spell it correctly; 

yet, the word "dog" may have no meaning because the child has had no 

experiences with dogs. Allowing a student to experience mathematics with 

manipulatives will provide the child with an opportunity to remember 
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experiences. Thereafter, the student will begin determining relationships not 

previously obvious and will begin solving problems. 

In analyzing students' natural capacities in mathematics, Jean Piaget 

stated that students should first experience mathematics through concrete 

materials. At this level students will often begin at the memory level but then 

will progress into problem-solving situations. Once a child understands the 

concept presented, he or she can translate the learning to pictorial 

representations and then move to abstract symbols. Piaget believed that 

textbooks present artificial constraints by usually presenting new material as 

pictorial representations and immediately moving into abstract symbols. This 

presentation of mathematical concepts forces the student to rely on sheer 

memorization instead of developing understanding through active learning 

and restricts opportunities for students to become successful problem 

solvers (Labinowicz, 1980). 

Jerome Bmner presented three modes which express how students 

interact with mathematical concepts. The three modes (levels) of 

representation are enactive, iconic, and symbolic. These levels represent a 

child's need to experience mathematics with manipulative aids (enactive), 

then transferto pictorial representations (iconic), and finally reach symbolic 

representations (symbolic) (NCTM, 1992). 

In 1989, Sowell combined the results of 60 studies on the 

effectiveness of using mathematics manipulatives during math instmction 

through meta-analysis. Of the 60 studies analyzed, 17 (28%) were 

conducted in kindergarten through second-grade; 17 (28%) involved third-

and fourth-grades, nine (15%) were in the fifth- and sixth-grades; 11 (18%) 
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covered seventh- and ninth-grades; and six (10%) were at the 

postsecondary level. Treatment administration varied from one to 72 weeks 

with a mean of six weeks and students were taught various mathematical 

concepts. This research indicated that mathematics achievement is 

significantly increased with long-term use of concrete and pictorial 

representations. Moreover, the study also revealed that students' attitudes 

towards mathematics improved when manipulatives were integrated into the 

mathematics curriculum. 

Parham (1983) conducted an extensive review of the research 

regarding the usage of manipulatives in concept development. From the 64 

studies reviewed, Parham reported that students who receive elementary 

math instruction with manipulatives tended to score at approximately the 

85th percentile on math achievement tests. Students who received little or 

no math instruction with manipulatives tended to score at approximately the 

50th percentile. 

Scott (1983) conducted a survey to measure the degree of usage with 

concrete manipulatives in a large urban school district among 75 schools. 

Over 88% of the schools and over 60% of the teachers responded to the 

survey. The materials most widely used by teachers were mlers (86.8%) 

and flash cards (77.6%). In addition, these materials were cited as being 

used by over 50% of the teachers more than five times per year. Of the 25 

manipulatives listed, only ten of them were used by more than 30% of the 

teachers. Cuisenaire rods (46.6%) geoboards (46.6%), and Popsicle (or 

similar) sticks (42.6%) were the "only materials regulariy thought of as 

manipulative materials that received fairly widespread use" (p. 62). Of the 
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materials used at least five times a year, Popsicle (or similar) sticks (20.9%) 

and counting chips (21.8%) were the next most popular following mlers and 

flash cards. In 1980, Post used meta-analysis among 40 studies and found 

60% of the studies favored manipulatives in mathematics, 10% did not favor 

manipulatives, and 30% showed no significant differences when 

incorporating manipulatives. 

Studies suggest that a large amount of mathematics instmction with 

manipulatives occurs during the primary grades, specifically in first-grade. 

Each year thereafter, manipulative usage tended to decrease significantly 

until around the fourth-grade. At this grade, few manipulatives were 

incorporated within mathematics instruction (Suydam, 1984; Fey, 1979). 

This finding appears to be supported by Scott's (1983) survey which found 

that the average total usage of all manipulatives among fírst grade teachers 

was significantly higher than each of grades two through five at the p < 

0.0001 level. 

With regard to emphasizing textbooks, 86% of the respondents 

indicated that they used textbooks. At the p < 0.0001 level of significance, 

Scott found that teachers who did not rely heavily on textbooks did, in fact, 

use manipulatives more often (1983). 

Scott (1983) found that over 50% of the first- through fourth-grade 

teachers surveyed desired specific staff development in the implementation 

of mathematics materials. Only 36.2% of the fifth-grade teachers desired 

inservices regarding teaching with manipulatives; yet, no significant 

correlation was found between materials used and achievement at the fifth-

grade level. 
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In a study conducted by Threadgill-Sowder and Juilfs (1980) among 

seventh-grade students, the following conclusions were drawn: 

...achievement in mathematics can significantly interact with 
manipulative and symbolic modes of instmction. Students with 
very low scores on the Mathematics Concepts and 
Mathematics Problem Solving Tests received higher scores on 
the achievement posttest when instruction included 
manipulative materials ... (p. 373) 

Elizabeth Fennema (1972) conducted a study involving 95 second-

graders in which students were taught a previously unlearned concept; 

multiplication defined as a union of equivalent disjoint sets via concrete or 

symbolic treatments. Concrete treatment involved the use of Cuisenaire rods 

and the symbolic treatment used only numerical representations. She found 

that the symbolic-treatment groups performed at a higher level than the 

concrete-treatment groups using the Transfer Test I. This difference closely 

approached significance, F = 5.76, p < .053. When students were 

administered Transfer Test II, all symbolic-treatment groups had higher 

scores than any concrete-treatment groups. The difference in mean scores 

was significant, F = 22.27, p. < .003 (Fennema, 1972). 

Fennema (1972) concluded that since the students had presymbolic 

experiences, they were better able to learn with symbols versus concrete 

manipulatives, although she stated that her study did not refute the need to 

provide hands-on experiences. A severe limitation was noted that the study 

did not include the highly recommended movement from concrete to pictorial 

to symbolic before transfer abilities were assessed. 
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Conclusions 

Probability, statistics, and graphing are basic skills that students need 

to master in orderto function in today's worid. The understanding of 

probability is essential to becoming an informed citizen. Often we encounter 

statements such as: "The odds that the Houston Oilers will beat the Dallas 

Cowboys are two to one"; or "There is a 25% chance of snow tomorrow"; or 

"The probability of contracting lung cancer is increased by 50% if you are a 

smoker." Numerous techniques, strategies and activities are available to 

assist pupils in understanding the concepts of probability. Through the 

understanding of these concepts, students can determine the líkelihood of 

an event occurring or evaluate their confidence in claims that they 

encounter. 

The related area of statistics is also essential in assisting students to 

become informed citizens. The ability to read a newspaper and view a 

graph that displays the current population trends for the last six years and 

predict the future trends are necessary to becoming mathematically literate. 

When opinion polls, presented on television, state that 80% of the sample 

surveyed prefer Item A to Item B, knowledgeable consumers should be able 

to make informed and critical decisions based on their ability to discriminate 

between accurate and misleading data. If a person is presented with 

statistics regarding the number of people who have been injured in car 

wrecks and were wearing seatbelts compared to the number of people who 

were not wearing seatbelts, he or she should be able to interpret what this 

numerical data is indícating. 
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Probability, statistics, and graphing are some of the most commonly 

encountered mathematical topics in today's society. Students need to be 

provided opportunities to experience these skills through investigations and 

hands-on activities that incorporate manipulatives and problem solving. The 

goal is to provide students with a conceptual foundation in probability, 

statistics, and graphing before theirtransition to the symbolic level. 

In an effort to increase students' proficiency in these areas, reforms in 

mathematics curricula and instmction need to occur. One method to ensure 

changes in reform is in teacher training. Effective staff development 

programs can serve as vehicles for enhancing teachers' knowledge of the 

content to be taught, their attitudes, beliefs and confidence in the reforms 

that have been established, and in their repertoire of teaching methods and 

practices. If the educational profession can achieve some of the goals and 

mathematical reforms discussed above, it will soon be producing 

mathematically literate students who are ready to face tomorrow's 

challenges. 
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CHAPTER III 

RESEARCH DESIGN AND METHODOLOGY 

The purposes of this study were to investigate the effectiveness of a 

probability, statistics, and graphing (PSG) training module on achievement 

and attitude of third-, fifth-, and sixth-grade teachers, and to determine the 

effectiveness of the activities presented in the training module as compared 

to activities/lessons presented in the district-adopted textbook on fifth-

graders' achievement. The study extended for 1-1/2 months during the 

spring semester, 1994. Chapter III discusses the following: (a) the design of 

the study, (b) the subjects, (c) the treatment procedures, (d) the 

instruments, and (e) the analysis of data. 

Research Design 

The first part of the study was experímental with 72 randomly 

assigned third-, fifth-, and sixth-grade teachers and used the Solomon Four-

Group Design (Borg and Gall, 1989; Campbell and Stanley, 1963; Crowl, 

1993) shown below: 

Ei R Oi Xi 03 

Ci R 02 04 

E2 R Xi 05 

C2 R 06 

The researcher-designed, criterion-referenced PSG achievement 

pretest was administered three days before the inservice began to teachers 
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in Experimental Group 1 (Ei) (N = 18) and to Control Group 1 (Ci) (N = 16) 

and was again administered following the treatment. The pretest was 

administered to half of the treatment groups in an effort to determine the 

overall effect of pretesting. Experimental Group 2 (E2) (N=19) and Control 

Group 2 (C2) (N=19) did not receive a pretest; however, both groups were 

posttested following the treatment. 

In addition, a researcher-designed PSG Attitude Survey (PSGAS) 

was administered to the teachers in Experimental Group 1 (Ei) and Control 

Group 1 (Ci) three days priorto the actual treatment and immediately 

following the conclusion of the treatment. Experimental Group 2 (E2) and 

Control Group 2 (C2) also completed the PSGAS following the treatment. 

Instrument piloting occurred prior to the actual study and the process is 

described in detail in the section on teacher instmments. 

Afterthe experimental group received training on the twelve-hour 

PSG mathematics module, the effectiveness of the implementation of the 

module's activities and the district-adopted textbook's activities was 

evaluated in the fifth-grade classroom. The quasi-experimental design 

involved six teachers who taught intact groups (classes) and modeled the 

Nonequivalent Control Group Design: (Cook and Campbell, 1979; Borg and 

Gall, 1989; Campbell and Stanley, 1963). 

E3 O Xi O 

C3 O X2 O 
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The students in the treatment groups (E3 and C3) were administered 

a researcher-designed, criterion-referenced achievement pretest one day 

prior to the treatment and completed the posttest at the conclusion of the 

treatment. The student experimental group (E3) was provided instruction at 

least 90% of the time using the activities (Xi) provided during the 

probability, statistics, and graphing module inservice. The student control 

group (C3) was provided instruction at least 90% of the time using the 

lessons (X2) provided in the district's adopted mathematics textbook. 

The Subjects 

Four groups consisting of 72 randomly assigned third-, fifth-, and 

sixth-grade teachers participated in the first phase of the study. 

Demographic data on the participants in the study are displayed in Table 

3.1. A total of 22 third-grade teachers, and 32 fifth-grade teachers from 

seven elementary schools and 15 sixth-grade teachers from two campuses 

in a South Texas independent school district participated in the 

experimental study. Approximately 74% (N = 53) Hispanic teachers and 

22% (N = 16) Anglo-American represented the ethnic background of the 

participants. In addition, the gender of the teachers consisted of 25 (35%) 

males and 47 (65%) females. 

Although the PSG training module is designated for third- through 

sixth-grade teachers, fourth-grade teachers were not selected to participate 

because the district requested that fourth-grade teachers not be pulled from 

classroom instmction since they had been pulled out for numerous 
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Table 3.1 

Demographic Data of Teacher Participants 

Source 

Ethnicity 
Hispanic 
Anglo-American 
Other 

Gender 
Male 
Female 

Grade Level 
Third 
Fifth 
Sixth 
Not Provided 

Frequency 

53 
16 
3 

25 
47 

22 
32 
15 
3 

Percent 

74 
22 

4 

35 
65 

31 
44 
21 

4 

inservices during the year. The district felt that these teachers needed to be 

in the classroom in order to provide instmction in the four content areas that 

the fourth-grade students were about to be tested on as mandated by the 

Texas Education Agency. 

The subjects in the second phase of the study included 111 fifth-

grade students from five elementary school campuses in a district located in 

South Texas which serves a population of approximately 12,500 students, 

grades prekindergarten through twelfth-grade. This district is approximately 

99% Hispanic, 90% busing, 90% low socioeconomic status, and 40% 

migrant. 
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Demographic data for the fifth-grade students participating in the 

study are displayed in Table 3.2. From 111 students, 108 (97.3%) were 

Hispanic and 3 (2.7%) were Anglo-American. Fifty-one (45.9%) males and 

60 (54.1%) females represented the student gender. The age distribution 

included 25 (22.5%) 10-year-old students, 73 (65.8%) 11-year-old students, 

12(10.8%) 12-year-oldstudents, and 1 (0.9%) 13-year-old student. 

Table 3.2 

Demographic Data of Fifth-Grade Subjects 

Variation 

Ethnicity 
Hispanic 
Anglo-American 

Gender 
Male 
Female 

Age 
Ten-years old 
Eleven-years old 
Twelve-years old 
Thirteen-years old 

Frequency 

108 
3 

51 
60 

25 
73 
12 
1 

Percent 

97.3 
2.7 

45.9 
54.1 

22.5 
65.8 
10.8 
0.9 

Four experimental classes and two control classes were involved in 

the second phase of the study (experimental group totaled 78 students and 

control group totaled 33 students). This was a quasi-experimental study 

using intact groups (classes) following the Nonequivalent Control Group 

Design (Campbell and Stanley, 1963). All students at the elementary level 

were heterogeneously grouped. Six of the eight campuses were self-
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contained while the remaining two campuses incorporated the team-

teaching concept (semi-departmentalized). Because randomization was not 

possible, a general linear analysis on total pretest scores by group was 

performed. Results indicated that there was no significant effect attributable 

to group make-up on the pretest scores (F(1,107) = 1.55, p = .22) thus 

establishing equivalency of the student groups. 

Eight of the fifth-grade teachers who participated in the module 

training stated that they had not yet taught probability, statistics, and 

graphing in the classroom. This requirement was necessary in selecting 

teachers to participate in the study in order to control for students' prior 

exposure to the content. Four of these eight teachers were randomly 

selected to participate in the second phase of the study. Seventy-eight fifth-

grade students constituted the experimental group in this phase. Out of the 

fifth-grade teachers in the control groups, only three teachers stated that they 

had not yet taught probability, statistics, and graphing to their students; 

therefore, all three teachers were selected to participate in the second phase 

of the study. One of the three teachers in the control group refused to 

participate in the study citing that she was suffering from anxiety and stress 

regarding the requirements of the study, specifically having the researcher 

visit the classrooms to conduct observations. Therefore, only 33 students 

participated in the control group (probability, statistics, and graphing 

instruction via the mathematics textbook). The second part of the study was 

thus limited to six classes. Table 3.3 presents the number of fifth-grade 

students per class per treatment group. 
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Table 3.3 

Fifth-Grade Subjects in 

Source Class 
of Variation 

Experimental Group 
Instruction from Module 

1 
2 
3 
4 

Control Group 
Instmction from Textbook 

1 
2 

Treatment Groups* 

Number of 
Students 

22 
19 
17 
20 

11 
22 

*Total Number of Fifth-Grade Students = 111 

The purposes for selecting fifth-graders as the unit of analysis for 

investigating the effectiveness of the probability, statistics, and graphing 

training module were: (a) fourth-grade teachers did not participate in the 

study; (b) third-grade teachers did not have the responsibility of teaching 

probability and statistics content according to the Texas Essential Elements; 

and (c) the small number of sixth-grade teachers in the district who were 

teaching math (N = 16) due to departmentalization would decrease the 

probability of having teachers who had yet to teach probability, statistics, and 

graphing. Therefore, the fifth-grade classes were most suitable for the study. 

Participation in the study was approved by the district's superintendent and 

the administrators of each campus. 
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Teacher Instruments 

Piloting of the researcher-designed probability, statistics, and 

graphing (PSG) achievement test for teachers occurred prior to the actual 

study and took place at a local university with 45 elementary education 

major students enrolled in a junior-level mathematics education course. In 

designing the teachers' PSG achievement instrument, the researcher used 

items from various resources and aligned the items to the Texas Essential 

Elements. The test items addressed the following Essential Elements: 

5.7A Collect, organize, and interpret data to solve application 
problems; 

5.7E Predict the number of arrangements of a given set of objects 
and experimentally verify the predictions; 

5.7F List all possible outcomes of an experiment; 
5.7G Use a fraction to describe the probability of a given event; and 
5.7H Make and refine predictions based on exploration of different 

sample sizes within experíments. 
(Texas Education Agency, 1991, p. 12 ) 

In addition, the test addressed the following specific Texas 

Assessment of Academic Skills (TAAS ) Objectives and Targets: 

Objective 5: Probability and Statistics 
5.1 Determine possible outcomes in a given situation 
5.2 Analyze data and interpret graphs 
5.3 Use counting arrangements 
5.4 Use a fraction to describe the probability of an event 
5.5 Find means (averages) 

Objective 12: Mathematical Representation 
12.2 Analyze or interpret graphs and charts and use the 

information derived to solve problems (no circle graphs). 
(Texas Education Agency, 1994, p. 19 ) 

The probability, statistics, and graphing assessment forteachers 

included nine questions on probability, five questions on statistics, and six 
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questions on graphs in multiple-choice format (see Appendix A). According 

to Borg and Gall (1989), little research has investigated the merits of closed 

form (i.e., multiple-choice) questions and open-form questions (i.e., essay). 

"What evidence is available suggests that the two formats produce very 

similar information" ( p. 428). In addition, the items were written in word 

problem format for the purpose of allowing teachers to use a variety of 

problem-solving strategies such as; draw a picture, make a table, make an 

organized list, etc. The achievement instmment was constmcted in an effort 

to limit testing time to approximately one hour; however, teachers were not 

timed on the test. 

Validity was determined by utilízing a panel of four experts who 

conducted content-related evidence of validity. Aspects such as 

determining if the questions were an adequate sample of the content they 

were supposed to represent, appropriateness of language, clarity of 

directions and length of the test were examined (Fraenkel, 1990). Once the 

content-related evidence of validity occurred, 45 preservice teachers from a 

local university completed the test and were retested five days later. Table 

3.4 presents the preservice teachers' sample sizes, means, and standard 

deviations for the piloted PSG achievement test. The first administration test 

mean (10.59) and the second administration test mean (10.70) are virtually 

the same with a difference of 0.29. 

Reliability was determined utllizing the test-retest method. The 

Pearson product-moment correlation coefficient (r = .86, p < .01) between 

the total test achievement score (administered the first time) and the total test 
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Table 3.4 

Sample Sizes, Means, and Standard Deviations for the Probability, 
Statistics, and Graphing Preservice-Teacher Pilot Achievement Scores 

Source of Standard 
Variation N Mean Deviation 

Group 
All Subjects 

Test (First Time) 44 10.59 3.03 
Test (Second Time) 43 10.70 3.16 

achievement score (administered the second time five days later) was 

determined to be adequate for the study. 

Internal consistency was determined for the PSG achievement test 

utilizing the Cronbach's alpha coefficient in which the piloted preservice 

teachers' achievement test (administered the first time) reported an alpha of 

.71 and the pilot test (administered five days later) reported an alpha of .70 

and are displayed in Table 3.5. These results indicated that the internal 

consistency on the achievement test was sufficient for administration in this 

study. 

The Cronbach's alpha coefficients were used to analyze internal 

consistency on the actual teacher PSG achievement assessment and are 

also reported in Table 3.5. The achievement pretest's internal consistency 

coefficient alpha for the teacher sample was .81 and the achievement 

posttest's internal consistency coefficient alpha was .79. The results were 

very similar and indicated that the data collection, analysis and interpretation 

would be "highly consistent given the same conditions" (Wiersma, 1991, p. 

274). The Cronbach's alpha coefficients were computed on all 20 items. 
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Table 3.5 

Cronbach's Alpha Internal Consistency Reliabilities forthe Probability, 
Statistics, and Graphing Achievement and Attitude Scores 

Source of 
Variation 

Pilot Achievement Scores 
Test (First Administration) 
Test (Second Administration) 

Teacher Achievement Scores 
Pretest 
Posttest 

Teacher Attitude Scores 
Pretest 
Posttest 

N 

44 
43 

34 
69 

31 
69 

alpha 

.71 

.70 

.81 

.79 

.94 

.93 

The point-biserial correlations or item-to-total score correlations were larger 

than 0.21 on 17 of the achievement pretest items with a range of .99 to .21. 

This indicated a moderate to high level of homogeneity within and across 

the items. However, three of the 20 items reported a very poor item-total 

correlation. Item 4 showed an alpha of -.13. This item asked the participant 

to solve a problem on counting arrangements. Item 5 reported an alpha of 

.08. This item asked the participant to select the sum most like to occur 

when two dice are repeatedly tossed. Item 16 had an alphaof-.04. This 

item asked the participant to define the most commonly used graphs in the 

elementary school setting. This new information that was not determined in 

the pilot indicates that these items would need to be rewritten if this study 

were to be replicated. 
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Attitude toward the teaching of probability, statistics, and graphing for 

this study was measured by a researcher-designed questionnaire. The 

Probability, Statistics, and Graphing Attitude Survey was a five-point Likert-

type scale containing 21 statements. A total score was created by summing 

all the individual item scores yielding a maximum score of 105 points and a 

minimum of 21 points. The maximum value represented the highest level of 

"positive" attitude toward probability, statistics, and graphing as expressed 

by the teachers and the minimum value representing the lowest level of 

"negative" attitude toward probability, statistics, and graphing (see 

Appendix A). 

Validity was determined by utilizing a panel of four experts who 

conducted constmct-related evidence of validity. Aspects such as 

determining if the items were an adequate sample of the domaín they were 

supposed to represent, the appropriateness of language, clarity of dírections 

and length of the survey were examined (Fraenkel, 1990). 

Internal consistency of the Probability, Statistics, and Graphing 

Attitude Survey was analyzed using the Cronbach's alpha coefficients and is 

reported in Table 3.5. The preattitude internal consistency coefficient alpha 

for the total sample was .94 and the postattitude internal consistency 

coefficient alpha was .93. The results were very similar and indicated that 

the data collection, analysis and interpretation would be "highly consistent 

given the same conditions" (Wiersma, 1991, p. 274). The Cronbach's alpha 

coefficients were computed on ali 21 items. The point-biserial correlations or 

item-to-total score correlation were largerthan 0.34. This indicated a 

moderate to high level of homogeneity within and across the items. 
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Student Instmment 

Piloting of the researcher-designed fifth-grade PSG achievement test 

for students occurred prior to the actual study and took place in a 

neighboring district with two intact fifth-grade classes. In designing the 

students' PSG achievement instrument, the researcher used items from 

various resources and from sections presented in the Staff Development 

Module while addressing the Texas Essential Elements. The test items 

addressed the Texas Education Agency's (1991) fifth-grade Essential 

Elements: 

7A Collect, organize, and interpret data to solve application 
problems; 

7E Predict the number of arrangements of a given set of objects and 
experimentally verify the predictions; 

7F List all possible outcomes of an experiment; 
7G Use a fraction to describe the probability of a given event; and 
7H Make and refine predictions based on exploration of different 

sample sizes within experiments. (p. 12) 

In addition, the test addressed specific Texas Assessment of 

Academic Skills (TAAS ) Objectives and Targets: 

Objective 5: Probability and Statistics 
5.1 Determine possible outcomes in a given situation 
5.2 Analyze data and interpret graphs 
5.3 Use counting arrangements 
5.4 Use a fraction to describe the probability of an event 
5.5 Find means (averages) 

Objective 12: Mathematical Representation 
12.2 Analyze or interpret graphs and charts and use the 

information derived to solve problems (no circle graphs). 
(Texas Education Agency, 1994, p. 19) 

The PSG Assessment for students included seven questions on 

probability, three questions on statistics, and five questions on graphs in 
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multiple-choice format (see Appendix A). Validity was determined first by 

utilizing a panel of four experts who conducted content-related evidence of 

validity. Aspects such as determining if the questions were an adequate 

sample of the content they were supposed to represent, the appropriateness 

of language, clarity of directions and length of the test were examined 

(Fraenkel, 1990). 

Once the content-related evidence of validity occurred, 44 students 

from two fifth-grade classrooms in a neighboring district completed the test 

and were retested five days later. Table 3.6 presents the fifth-grade pilot 

study's sample sizes, overall group means, and standard deviations. The 

test mean score from the first administration (10.11) and the test mean score 

from the second administration five days later (10.41) were virtually the 

same with a difference score of .30. 

Table 3.6 

Fifth-Grade Pilot Sample Sizes, Overall Group Means, and Standard 
Deviations of the Achievement Assessment 

Source of Standard 
Variation N Mean Deviation 

All Subjects 
Test (First Time) 44 10.11 1.98 
Test (Second Time) 44 10.41 1.65 
Difference 44 .30 1.34 

Reliability was determined utilizing the test-retest method. A Pearson 

product-moment correlation coefficient (r = .74, p < .01) between the fifth-

grade achievement scores from the first administered test and the fifth-grade 
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achievement score from the second administered was determined to be 

appropriate for the study. Internal consistency was analyzed for the PSG 

fifth-grade achievement test by determining the Cronbach's alpha 

coefficient. On the piloted fifth-grade achievement test that was administered 

the first time, an alpha of .59 occurred and an alpha of .54 resulted on the 

student achievement test that was administered again five days later. These 

alphas indicated that some items in the assessment were inappropriate. On 

the initially administered studenttest, items 1, 7,10,13, and 15 had 

extremely poor correlations reporting less than .20. On the test that was 

administered five days later, items 1, 2, 7,10, and 13 had extremely poor 

correlations reporting less than .20. Therefore, the researcher reviewed 

items 1,7, 10, and 13. The first question had poor graphics which were 

enlarged for better viewing. Item seven also had a graph that was difficult to 

read and was enlarged. Items ten and thirteen were rewritten with the intent 

of clarification while maintaining the intended content. 

Analysis of the fifth-grade PSG achievement test showed a pretest 

Cronbach's alpha coefficient of .56 and the posttest alpha was .64. This 

indicated that the degree of internal consistency was improved. The point-

biserial correlations indicated that items 7, 10, and 13 still had a poor 

correlation with the total. Therefore, these items, if the study were to be 

repeated, would need to be replaced with other items. 

Procedures and Data Collection 

The first part of the study was experimental and modeled the 

Solomon Four-Group Design utilizing randomly assigned third-, fifth-, and 
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sixth-grade teachers. The researcher assigned 72 third-, fifth-, and sixth-

grade teachers numbers according to the campus rosters. Then, the 

numbers were randomly drawn from a container by a non-participant of the 

study. As the numbers were drawn, they were placed in one of the four 

groups. The two groups to be pretested were then notified by their campus 

principals and by a letter from the researcher to meet at a central location to 

participate in a study on mathematics. At this meeting the teachers were 

administered a PSG Achievement Assessment and PSG Attitude Survey. 

The researcher-designed, criterion-referenced PSG achievement 

measure was administered to teachers three days prior to the inservice to 

the Experimental Group 1 (N = 18) and to Control Group 1 (N = 16) and was 

again administered following the treatment. Experimental Group 2 (N = 19) 

and Control Group 2 (N = 19) did not receive a pretest; however, both 

groups were posttested following the staff development treatment. In 

addition, the teachers in Experimental Group 1 and Control Group 1 were 

admlnistered a Probability, Statistics and Graphing Attitude Survey 

(PSGAS) prior to the treatment and completed the PSGAS following the 

treatment as consistent with Solomon's Four-Group Design. 

The experimental groups (Ei and E2) then participated in the twelve-

hour staff development PSG training module. This module emphasized 

concept-development techniques in probability, statistics, and graphing and 

consisted of 27 activity-based experiences/activities utilizing manipulatives, 

problem-solving, and/or instmctional situations such as small and large 

group work. (see Appendix B) The teachers received two six-hour training 

sessions over two consecutlve days from an outside consultant contracted to 
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present the inservice. The control groups received no training on PSG 

teaching methods or activities; however, the teachers in the control groups 

were scheduled to receive training in the PSG staff development module 

during the following semester. 

Following the teachers' PSG training, four teachers from the treatment 

groups and three teachers from the control groups were selected to 

participate in the second phase of this study. The selection was based 

primarily on the criterion that teachers still needed to teach probability, 

statistics, and graphing to their students. Eight teachers from the original 

treatment group had not taught probability, statistics, and graphing and four 

of these teachers were randomly selected at the conclusion of the inservice 

to participate in the second phase of the study. Only three teachers from the 

control group had not taught probability, statistics, and graphing to their fifth-

grade students, and these were selected to participate in the study. As 

previously stated, one of the teachers from the control group withdrew from 

the study. 

This quasi-experimental design used teachers who taught íntact 

groups and modeled the Nonequivalent Control Group Design. The purpose 

of this phase was to analyze the effectiveness of two methods of instmction. 

The two methods of instruction were from the activities presented in Module 

8 on probability, statistics, and graphing and from lessons presented in the 

district-adopted textbook. The teachers in the experimental group could 

select from 27 activities provided in the PSG module and the teachers in the 

control group could select from 13 lessons provided in the district-adopted 
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textbook as the primary instructional resource among 111 fifth-grade 

students. 

The researcher-designed, criterion-referenced PSG Student 

Achievement Test was administered to the fifth-grade students in both the 

treatment and control groups one day prior to the treatment. The students 

were again administered the achievement test at the conclusion of the 

treatments . The treatment schedule consisted of a window of 21 days in 

which the teachers dedicated twelve hours of instmction to the probability, 

statistics and graphing objectives as specifically stated by the Texas 

Essential Elements (previously listed). This window of 21 days was 

provided because two days were reserved for administering the Texas 

Assessment of Academic Skills to the students and teachers requested 

flexibility in planning. Frequent researcher observations of the experimental 

and control groups occurred to ensure procedural accuracy. Each teacher 

was observed for at least three hours. A list of the Essential Elements and 

TAAS Objectives was constmcted to ensure equivalent content coverage. 

(see Appendix C) This list of Essential Elements, a schedule of important 

dates such as pretest/posttest administration dates, a set of student pretests 

and administration directions as well as procedures were discussed at a 

meeting with the participating teachers prior to the second phase of the 

study. 

Analysis of Data 

Teachers in the first part of the study were randomly assigned to 

groups as consistent with Solomon's Four-Group design. Analysis began 
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with a two-way analysis of variance to determine if pretest sensitivity existed. 

The first factor was labeled "group" and consisted of participants who were 

randomly assigned to either the experimental group or the control group. 

The second factor was labeled "pretest" and consisted of participants who 

were pretested and participants who were not pretested. Next, a one-way 

multivariate analysis of data on teachers' achievement and attitude and a 

WHks' lambda F-value was performed to determine the overall group effect 

on teacher achievement and attitude using the posttest scores. After a 

significant MANOVA F was found, a univariate analysis of variance on each 

dependent variable occurred. 

The second phase of the study consisted of selecting six teachers 

from the experimental and control groups from the first phase of the study. 

These teachers then provided twelve hours of probabllity, statistics, and 

graphing instruction through two instructional methods: the Texas Education 

Agency's Probability, Statistics, and Graphing Module and the district-

adopted textbook. The six classes (N = 111) participated in a quasi-

experimental design with intact groups and followed the pretest/posttest 

method. Students' achievement data was analyzed using an analysis of 

repeated measures with the pretest and posttest repeated. 

Summarv 

The study consisted of two phases. The first part sought to determine 

the effectiveness of training third-, fifth-, and sixth-grade teachers on a 

Texas Education Agency PSG mathematics module. The independent 

variable was the math module training. The dependent variables were: (a) 
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achievement in probability, statistics and graphing, and (b) attitude toward 

teaching these topics. The experimental design followed Solomon's Four-

Group Design and involved 72 randomly assigned teachers. 

The second phase of the study investigated the effectiveness of the 

two instructional methods in the fifth-grade classroom. A total of six classes 

(N = 111 students), participated in the study. A pre-post design with 

nonequivalent experimental and control groups was implemented. The 

independent variable was method of instruction. The dependent variable 

was achievement in probability, statistics, and graphing. 

65 



CHAPTER IV 

RESULTS OF THE STUDY 

The study consisted of two phases. The first phase investigated the 

effectiveness of training third-, fifth-, and sixth-grade teachers on a Texas 

Education Agency Probability, Statistics and Graphing (PSG) mathematics 

module on achievement and attitude. The module required twelve hours of 

training and occurred over two consecutive days. The independent variable 

was the math module training. The dependent variables were: (a) 

achievement in probability, statistics and graphing, and (b) attitude toward 

teaching probability, statistics, and graphing. The experimental design 

followed Solomon's Four-Group Design and involved 72 randomly assigned 

teachers. 

The second phase of the study investigated the effectiveness of 

probability, statistics and graphing instruction provided by teachers who 

attended the twelve-hour staff development module and from teachers who 

followed lessons from the textbook in the fifth-grade classroom. A total of six 

classes or 111 students participated in the study (78 per experimental and 

33 per control group). A pre-posttest design with nonequivalent treatment 

and control groups was implemented. The independent variable was 

method of instruction. The dependent variable was student achievement in 

probability, statistics, and graphing. Instmction for both treatment groups 

lasted twelve hours. 

This chapter presents the results of the teachers' achievement and 

attitude assessments, and the students' achievement assessments. The 
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results are presented and interpreted in relation to the study's three research 

questions and hypotheses and are followed by a summary. 

Analvsisanri Rft.qiiltg 

Upon completion of the teacher staff development training, all data 

were collected and analyzed. The Probability, Statistics and Graphing 

Achievement Assessment for teachers was administered to teachers as a 

pre-posttest/posttest only design as required by the Solomon Four-Group 

Design. Table 4.1 presents the teacher sample sizes, overall group means, 

and standard deviations on the responses to the PSG Achievement 

Assessment. 

Table 4.1 

Sample Sizes, Means, and Standard Deviations for the Probability, 
Statistics, and Graphing Teacher Achievement Scores 

Source of 
Variation 

Group 

All Subjects 
Achievement Pretest 
Achievement Posttest 

Experimental 
Achievement Pretest 
Achievement Posttest 

Control 
Achievement Pretest 
Achievement Posttest 

N 

34 
69 

18 
36 

16 
33 

Mean 

63.38 
70.72 

66.11 
75.69 

60.31 
65.30 

Standard 
Deviation 

19.14 
17.79 

18.36 
16.65 

20.12 
17.63 
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The experimental group exhibited greater group means (66.11) on 

the achievement pretest than did the control group (60.31) and the 

experimental group exhibited greater achievement posttest means (75.69) 

than did the control group (65.30). 

The actual PSG Attitude Survey was administered as a pre-posttest or 

a posttest instmment only to teachers in the first phase of the study as 

required by Solomon's Four-Group Design. Table 4.2 presents the teacher 

sample sizes, overall group means, and standard deviations for the 

responses to the PSG Attitude Survey. The experimental group exhibited a 

lower group mean (75.41) on the attitude pretest than did the control group 

(79.5); however, the experimental group exhibited greater attitude posttest 

means (87.69) than did the control group (80.48). The difference between 

the experimental group's pretest/posttest attitude mean score (12.28) was 

mari<edly higher than the control group's pretest/posttest attitude mean score 

(0.98) indicating that the experimental group had a better attitude toward the 

teaching of probability, statistics, and graphing at the conclusion of the PSG 

staff development. It is also interesting to note that priorto the staff 

development, the experimental group appeared to have had a less positive 

attitude toward the teaching of probability, statistics and graphing. 

The Solomon Four-Group Design was chosen for the first-phase of 

the study because of the concern that pretesting would have an effect on the 

experimental group's posttest scores. This design best facilitated the 

determination of a pretest effect even though the teachers were randomly 

assigned to the treatment and control groups (Borg & Gall, 1989). 
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Table 4.2 

Sample Sizes, Means, and Standard Deviations for the Probability, 
Statistics, and Graphing Teacher Attitude Scores 

Source of 
Variation 

Group 

All Subjects 
Attitude Pretest 
Attitude Posttest 

Experimental 
Attitude Pretest 
Attitude Posttest 

Control 
Attitude Pretest 
Attitude Posttest 

N 

31 
69 

17 
36 

14 
33 

Mean 

77.26 
84.25 

75.41 
87.69 

79.5 
80.48 

Standard 
Deviation 

14.57 
12.75 

15.44 
9.42 

13.66 
14.86 

Initially, a two-way analysis of variance was conducted on attitude 

and achievement to determine pretest sensitivity as shown in Table 4.3. The 

first factor was labeled "group" and consisted of participants who were 

randomly assigned to either the experimental group or the control group. 

The second factor was labeled "pretest" and consisted of participants who 

were pretested (N = 34) and participants who were not pretested (N = 35). 

Results indicated that there was no statistically significant attitude pretest 

effect (F(1,65) = .59, p = .44) on attitude posttest scores, nor was there an 

interaction effect that was significant between group make-up and pretest 

scores (F(1,63) = .06, p = .81). Results also indicated that there was no 

achievement pretest sensitivity (F(1,65) = .16, p = .69) on the achievement 
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Table 4.3 

Two-Way Anova on Probability, Statistics, and Graphing Teacher 
Achievement Posttest Scores and Attitude Posttest Scores to Determine 

Pretest Sensitivity 

Source of 
Variation df 

Achievement 
Model 3 
Error 65 
Total 68 

Main Effect 
Group 1 
Pretest 1 

Interaction 
Group by Pretest 1 

Attitude 
Model 3 
Error 65 
Total 68 

Main Effect 
Group 1 
Pretest 1 

Interaction 
Group and Pretest 1 

SS 

1923.23 
19590.54 
21513.77 

1859.16 
49.21 

14.86 

995.59 
10065.22 
11060.81 

894.93 
92.04 

8.62 

Mean 
Square 

641.08 
301.39 

1859.16 
49.21 

14.86 

331.86 
154.85 

894.93 
92.04 

8.62 

F 

2.13 

6.17 
.16 

.05 

2.14 

5.78 
.59 

.06 

P 

.11 

.02 

.69 

.83 

.10 

.02 

.44 

.81 

posttest nor was there statistically significant interaction between group 

make-up and achievement pretest (F(1,63) = .05, p = .83). After it was 

determined that the pretest did not facilitate learning, a one-way multivariate 

analysis of variance (MANOVA) on the two dependent variables (PSG 

achievement posttest score and PSG attitude survey postscore) were 

considered together by group. 
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The first step was to do a test of the statistical significance of the 

difference between group centroids. According to Borg and Gall (1989), if a 

"slgnificant MANOVA F [between group centroids] is obtained, we can then 

do an analysis of variance on each dependent variable to determine which 

of these variables are statistically significant and contributing to the overall 

MANOVA F" (p. 558).Table 4.4 shows the results of the Wilks' lambda 

statistic for the overall group effect. Results indicated that there was a 

statistically significant group effect (F(2,64) = 3.79, p = .03) on achievement 

and attitude posttests. 

Table 4.4 

Wilks' Lambda Statistics forthe Hypothesis of No Overall Group Effect 

Source 
of Variation 

Group 

N 

66 

Value 

.89 

F 

3.79 

Num 
df 

2 

Den 
df 

64 

P 

.03 

A one-way multivariate analysls of variance on attitude and 

achievement posttest scores was performed by group make-up 

(experimental or control) and the results are located in Table 4.5. These 

results indicated that there was a statistically significant effect of group 

make-up (F(1,55) = 5.69, p = .02) on teachers' achievement and attitude 

posttest scores. Because the one-way MANOVA showed a statistically 

significant group effect on achievement and attitude postscores, an 

univariate analysis of variance was conducted on each dependent variable 

to determine which, if any, of these variables were statistically significant and 

contributed to the overall MANOVA F. 
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Table 4.5 

One-Way MANOVA on Teachers' Attitude and Achievement Posttest Scores 

Source of 
Variation 

Main Effect 
Group 

N 

66 

Sum of 
Squares 

1560.13 

df 

1 

Mean 
Square 

1560.13 

£ 

5.69 

P 

.02 

The results of the univariate analysis of variance on the total posttest 

achievement scores is located in Table 4.6. Findings indicated that there 

was a statistically significant effect attributable to group make-up (F(1,65) = 

5.24, p = .03) on the teachers' achievement posttest scores. The omega 

squared statistical analysis on the univariate analysis of variance performed 

for the achievement assessment indicated that approximately 8% of the real 

variance could be explained by the independent variable. 

Table 4.6 

Univariate Analysis of Variance on Teachers' 
Achievement and Attitude Posttest Scores 

Source of 
Variation 

Posttest (Achievement) 
Group 
Error 
Total 

Posttest (Attitude) 
Group 
Error 
Total 

df 

1 
65 
66 

1 
65 
66 

Sum of 
Squares 

1560.13 
19334.64 
20894.78 

834.85 
9156.61 
9991.46 

Mean 
Square 

1560.13 
297.46 

834.85 
140.87 

F 

5.24 

5.93 

P 

.03 

.02 
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The statistics of the univariate analysis of variance on the total attitude 

scores are located on Table 4.6. The results indicated that there was a 

statistically significant effect attributable to group make-up (F(1,65) = 5.93, 

p = .02) on the attitude posttest scores. The omega squared statistical 

analysis on the univariate analysis of variance performed for the attitude 

survey indicated that approximately 8% of the real variance could be 

explained by the independent variable. Therefore, results indicated that the 

two dependent variables (achievement and attitude) each contributed to the 

statistically significant overall MANOVA F. 

The second phase of the study investigated the effectiveness on 

student achievement of PSG Instruction provided by teachers who attended 

the twelve-hour staff development module and by teachers who followed 

lessons from the textbook in the fifth-grade classroom. The PSG 

Achievement Assessment for fifth-grade students was administered as a 

pretest/posttest only design. Student data was analyzed using analysis of 

repeated measures with pretest and posttest repeated for determining the 

significance of the difference in gain scores. The fifth-grade students' mean 

scores and standard deviations are presented in Table 4.7. The results 

showed that the experimental group's pretest mean (57) and posttest mean 

(66.38) were greater than the control group's pretest mean (51.92) and 

posttest mean (56.97). In addition, the pretest-posttest mean difference on 

each scale was greater for the experimental group (9.38) than forthe control 

group (5.05). The F-ratio forthe between subjects effect, presented on Table 

4.8, shows that there was a statistically significant effect (F(1,102) = 5.27, 

p = .02) attributable to group membership. 
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Table 4.7 

Sample Sizes, Means, and Standard Deviations for the Proability, Statistics, 
and Graphing Fifth-Grade Achievement Scores 

Source of 
Variation 

Achievement 

Pretest 
Experimental 
Control 

Posttest 
Experimental 
Control 

N 

71 
33 

71 
33 

Mean 

57.00 
51.92 

66.38 
56.97 

Standard 
Deviation 

16.36 
16.31 

16.73 
17.17 

Table 4.8 

Analysis of Repeated Measures With Students' Pretests and Posttests 
Repeated on Hypothesis for Between Subject Effects 

Source of 
Variation 

Achievement 
Group 
Error 
Total 

df 

1 
102 
103 

Sum of 
Squares 

2365.53 
45757.33 
48122.86 

Mean 

2365.53 
448.60 

F 

5.27 

P 

.02 
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Analvsis bv Research Questions and Null Hypotheses 

The researcher proposed to answer the following questions: 

1. Is there a statistically significant difference between the probability, 

statistics, and graphing achievement of third-, fifth-, and sixth-grade 

teachers who participate in the probability, statistics, and graphing staff 

development module and the third-, fifth-, and sixth-grade teachers who did 

not participate in the probability, statistics, and graphing staff development 

module? 

Null Hypothesis 1: There will be no significant difference in the 

probability, statistics, and graphing achievement of third-, fifth-, and sixth-

grade teachers who participate in the PSG Staff Development Module and 

of third-, fifth-, and sixth-grade teachers who did not participate in the PSG 

Staff Development Module training. 

Data from this study provided evidence that indicated the null 

hypothesis should be rejected. The univariate analysis of variance on 

achievement posttest scores indicated a statistically significant effect 

attributable to group make-up. The achievement mean scores on the 

probability, statistics, and graphing posttest for the teachers who attended 

the probability, statistics, and graphing module (experimental group) were 

significantly greater than the achievement mean scores for the teachers who 

did not participate in the module training (control group). 

2. Is there a statistically significant difference in the attitude regarding 

probability, statistics and graphing of third-, fifth-, and sixth-grade teachers 

who participate in the probability, statistics, and graphing staff development 
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module and of third-, fifth-, and sixth-grade teachers who did not participate 

in the probability, statistics, and graphing staff development module? 

Null HvDQtheRi.*; P- There will be no significant difference in the 

attitude regarding the teaching of probability, statistics, and graphing of 

third-, fifth-, and sixth-grade teachers who participate in the staff 

development module and third-, fifth-, and sixth-grade teachers who did not 

participate in the staff development module. 

The data collected and analyzed provided evidence that the null 

hypothesis should be rejected. The univariate analysis of variance on the 

attitude posttest scores indicated that there was a statistically significant 

group effect on the attitudes of the experimental group and the control group. 

Partlcipants who received the probability, statistics, and graphing module 

training (experimental group) demonstrated significantly greater positive 

attitudes toward the teaching of probability, statistics, and graphing than 

partlcipants who did not receive training (control group). 

3. Is there a statistically significant difference in the probability, 

statistics, and graphing achievement of fifth-grade students who participate 

in instructional activities presented from the probability, statistics, and 

graphing staff development module and students who participate in 

instructional activities presented from the district-adopted textbook? 

Nljii Hypothesis 3: There will be no significant difference in the 

probability, statistics, and graphing achievement of fifth-grade students who 

participate in instnjctional activities presented from the PSG Staff 

Development Module and fifth-grade students who participate in 

instructional activities presented in the district-adopted textbook. 
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The results of this study indicated that the null hypothesis should be 

rejected. In probability, statistics, and graphing achievement, the 

experimental group students who received probability, statistics and 

graphing instruction from activities presented in the Probability, Statistics 

and Graphing Module scored significantly higherthan the control group 

students who received probability, statistics, and graphing instruction from 

the district-adopted textbook. 

Summary 

The results presented in this chapter provided evidence regarding 

this study's three research questions. The first two questions dealt with 

comparisons between the probability, statistics, and graphing achievement 

of third-, fifth-, and sixth-grade teachers in two treatment conditions; those 

who received twelve hours of probability, statistics, and graphing training 

(experimental group) and those who did not receive this training (control 

group). Data from this study provided evidence that the experimental group 

showed significantly greater achievement scores in probability, statistics, 

and graphing and displayed significantly greater (more positive) attitudes 

toward the teaching of probability, statistics and graphing. 

The final question dealt with comparisons between the probability, 

statistics, and graphing achievement of fifth-grade students in two treatment 

conditions; those who received probability, statistics, and graphing 

instruction from teachers who were trained on the module and those who 

received instruction from teachers that used only the district-adopted 

textbook. Results indicated that the experimental group significantly 
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outscored the control group in probability, statistics, and graphing 

achievement. 
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CHAPTER V 

DISCUSSION 

In this chapter, the research study is summarized and conclusions 

based on the results of the study are presented. Then, the relationship 

between the conclusions and findings of previous research are discussed. 

Finally, recommendations for future research are presented. 

Research Summary 

This study consisted of two phases. The first phase sought to 

investigate the effectiveness of the Texas Education Agency's probability, 

statistics, and graphing (PSG) training module on achievement and attitude 

of third-, fifth-, and sixth-grade teachers. The independent variable was 

group membership. The two groups consisted of teachers who received 

probability, statistics, and graphing training from the PSG module 

(experimental group) and who did not receive any training (control group). 

The dependent variables were probability, statistics and graphing 

achievement and attitude toward teaching probability, statistics, and 

graphing. 

The subjects in the first phase of the experimental study consisted of 

72 randomly selected third-, fifth-, and sixth-grade teachers. The study 

followed the Solomon-Four Group Design which was designed to determine 

a pretest effect even though participants were randomly assigned. The 

experimental group consisted of 37 teachers who participated in a twelve-

hour probability, statistics, and graphing training module. Eighteen of the 
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teachers were pretested with an achievement assessment instrument and 

an attitude survey three days prior to the treatment. All 37 teachers were 

then posttested with both instruments. The control group consisted of 35 

teachers who were not provided staff development training. Sixteen 

teachers from the control group were pretested three days prior to the 

treatment on achievement and attitude and all 35 teachers were posttested 

on both instruments after the experimental group received the treatment. 

Two research questions were investigated in this phase of the study. 

The first question asked if the two treatment groups demonstrated significant 

differences in their probability, statistics, and graphing achievement. Results 

of the study indicated that significant achievement differences between the 

experimental and control group existed with the experimental group 

demonstrating greater achievement in probability, statistics, and graphing. 

The second question asked if the two treatment groups demonstrated 

significant differences in the attitude toward teaching probability, statistics, 

and graphing. Results of the study indicated that there were significant 

attitude differences between the experimental and control groups with the 

experimental group exhibiting more positive attitudes toward the teaching of 

probability, statistics, and graphing. 

The second phase of the study concentrated on examining the 

effectiveness of providing probability, statistics, and graphing instruction 

from the activities presented in the training module as compared to activities 

presented in the district-adopted textbook on the achievement of fifth-grade 

students. The independent variable was treatment group. The two treatment 

groups consisted of students who received probability, statistics, and 
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graphing instruction from teachers who received training on the PSG 

module (experimental group) and from teachers who did not receive any 

training (control group) but relied on the district-adopted textbook for 

activities/lessons on probability, statistics, and graphing. The dependent 

variable was achievement in probability, statistics, and graphing. 

The subjects in the second phase of the quasi-experimental study 

consisted of six fifth-grade classrooms totaling 111 students. The study 

followed a pre-posttest design with nonequivalent intact groups. The 

experimental group consisted of 78 students (four classes) who participated 

in twelve-hours of probability, statistics, and graphing instruction taught by 

teachers who participated in the PSG module training and relied on the 37 

activities in this module. The control group consisted of 33 students (two 

classes) who were also provided twelve hours of probability, statistics, and 

graphing instruction taken from activities and lessons presented in the 

district adopted textbook. The treatment groups were pretested one day prior 

to the treatment with a probability, statistics, and graphing achievement 

assessment and all 111 students were posttested after the treatment 

occurred. 

One research question was investigated in this phase of the study. 

This question asked if the two treatment groups demonstrated significant 

differences in their probability, statistics, and graphing achievement. Results 

of the study indicated that statistically significant achievement differences 

between the experimental and control group did exist with the experimental 

group demonstrating greater achievement in probability, statistics, and 
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graphing when taught from the activities and instructional methods 

presented in the module. 

Conclusions 

Numerous publications have presented the rationale and stressed the 

importance of providing probability, statistics, and graphing in the classroom. 

These publications recommend that probability, statistics, and graphing 

instruction include probability experiments, data-collection activities, and 

graphing opportunities while incorporating concept-development 

techniques, manipulatives and problem solving strategies through various 

modes of instruction (NCTM, 1980; NCTM, 1989; McNemar, 1994; National 

Research Council, 1989; Mathematical Sciences Education Board, 1990). 

Reports from the National Association of Educational Progress 

(NAEP) have indicated that although students' average pertormance has 

slightly improved over the past two decades, most students continue to 

perform poorly in areas including probability, statistics, and graphing 

(Carpenter et al., 1980; Dossey, 1988; McKnight et al., 1987). One reason 

for this poor performance may be due, in part, to the finding that many 

elementary teachers provide little or no instruction in probability and 

statistics (Gawronski & McLeod, 1980; Paulos, 1988; McKnight et al., 1987). 

A factor contributing to the reason many elementary teachers provide little or 

no instruction in probability, statistics, and graphing is that they may not feel 

confident in their knowledge or ability to teach probability, statistics, and 

graphing (Paulos, 1988; Wirtz, 1974; Gross, Giacquinta, & Bernstein, 1971). 
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One of the questions of the study asked if there was a significant 

difference between the achievement of third-, fifth-, and sixth-grade teachers 

who participated in the PSG training module and those who did not 

participate in the module. The results of this study indicated that the twelve 

hours of training on probability, statistics, and graphing significantly 

increased the knowledge of the probability, statistics, and graphing content 

as evaluated by an achievement assessment among third-, fifth-, and sixth-

grade teachers. Therefore, the PSG Staff Development Module was effective 

in significantly increasing teachers' content knowledge in probabillty, 

statistics, and graphing. 

Teachers who lack confidence in their knowledge of mathematical 

concepts often have negative attitudes toward mathematics which may 

actually cultivate, unintentionally, this fear or dislike in their students 

(Pearson, 1980; Burton & Russell, 1979; Aiken, 1976). One of the questions 

of this study asked if there was a statistically significant difference in the 

attitude regarding the teaching of probability, statistics and graphing of third-, 

fifth- and sixth-grade teachers who participate in a PSG training module and 

teachers who do not participate in the PSG training module. The posttest 

score results indicated that participants in the PSG module training 

(experimental group) experienced significantly greater positive attitudes 

toward the teaching of probability, statistics, and graphing than participants 

who did not receive training (control group). Therefore, the PSG Staff 

Development Module was effective in significantly increasing teachers' 

attitudes positively toward the teaching of probability, statistics, and 

graphing. 
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Many studies have found that as mathematics knowledge/ 

achievement increases, mathematics anxiety decreases and mathematics 

attitudes positively increase (Ramirez, 1985; Fuson, 1975; Schulte, 1982; 

Sepie & Keeling, 1979). These studies suggest a positive correlation 

between mathematics achievement and attitude. The findings of this study 

tend to support this correlation, because the experimental group of teachers 

who participated in the PSG module exhibited signlficantly greater 

achievement mean scores and, at the same time, exhibited more positive 

attitudes toward the teaching of probability, statistics, and graphing. 

School districts and campuses that provide staff development for 

educators usually do so wíth one major goal: to ultimately and positively 

impaĉ t student achievement. The final question of this study asked if there 

was a statistically sígnificant difference in the probability, statistics, and 

graphing achievement of fifth-grade students who participated in 

instructional activities presented from the PSG module and students who 

participated in instructional activities presented from the district-adopted 

textbook. The results of the second phase of the study indicated that 

students who received probability, statistics, and graphing instnjction from 

teachers who attended the twelve-hour staff development module 

sjgnificantly increased their knowledge/application of the content that was 

evaluated by the achievement assessment as compared to students who 

received instruction from teachers using the district-adopted textbook. 
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Implicatinns 

Implications from the findings of this study are significant. One 

implication is that school districts that invest funds to provide professional 

staff development programs, emphasizing teaching methods with student 

activities, can significantly impact student learning of concepts. In addition, 

staff development programs can also impact teachers' knowledge and 

application of concepts as well as improve their attitudes toward the 

teaching of such concepts. When districts offer staff development programs, 

teachers have an opportunity to improve their repertoire of teaching 

strategies in the classroom and positively impact student achievement. 

In analyzing reasons why this module training significantly impacted 

teachers' attitudes and achievement and students' achievement, one may 

focus on the degree of implementation of the instructional program. Gross, 

Giacquinta and Berstein (1971) studied the implementation of an innovative 

program in an inner-city school. This year-long study analyzed the degree 

of implementation of a program aimed at switching from 'lraditional 

instruction" to "child-centered Instruction." Through various qualitative and 

quantitative data collections and analysis, they concluded that the degree of 

the innovative program's implementation was low. After also reviewing 

several other studies, they identified five factors that inhibit implementation 

of any innovative program. These factors were: (1) teachers' lack of clarity 

about the innovation; (2) teachers' lack of skills and knowledge needed to 

conform to the new role model; (3) unavailability of required instructional 

materials; (4) incompatibility of organizational arrangements with the 

innovation; and (5) students' lack of motivation (p. 35). 
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Reflecting on these factors, the design of this study specifically 

addressed all of these factors except for "students lack of motivation." The 

PSG staff development module clearly defined objectives and 

methodologies intended to be addressed in the module. It provided 

teachers with hands-on experiences with the instructional activities as well 

as teaching strategies and various modes of delivery. In addition, each 

teacher in the experimental group was provided with $80.00 worth of 

instructional materials needed to teach most of the activities presented in the 

module (see Appendix C). Teachers, in the control group, were also 

provided any materials requested forteaching lessons provided in the 

district-adopted textbook. Finally, teachers were provided the flexibility to 

adjust organizational elements, such as classroom arrangement and 

instructional time, to teach probabiiity, statistics, and graphing. 

An additional factor that may have positively impacted the 

implementation of the instructional methods (module/textbook) was the 

continuous monitoring and support by the administration and the researcher. 

Throughout the 21-day window in which teachers provided twelve hours of 

probability, statistics, and graphing instruction, the researcher continuously 

met with the teachers from both treatment groups, conducted at least three 

hours of observations, and offered to provide additional materials as 

requested. Students from both treatment groups increased in their content 

achievement; however, the experimental group demonstrated significantly 

greater achievement posttest scores. 

Fullan and Pomfret (1977) state that one problem with mandating 

change of curricula (instnjctional methodologies) is that a selection of a 
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curricula may occur, may be adopted, and may be evaluated with results 

indicating little or no differences. They state that a poor evaluation does not 

necessarily reflect the program, but may reflect the lack of implementation of 

the program. Unless continuous support and monitoring occurs, the 

assumption that the program is being implemented may be unrealistic. 

Therefore, another implication of this study is the necesslty to provide trained 

teachers with continuous support, monitoring, and feedback in order to 

enhance the probability of successful implementation of a program. 

A final explanation for the module's effectiveness on student 

achievement was the design of the PSG module as compared to the district-

adopted textbook. One significant difference between the two instructional 

methods was the emphasis that the module had on the utilization of hands-

on experiences via manipulatives and data-collecting experiences. Many 

theorists (Piaget, 1952; Wirtz, 1974; Dienes, 1960) have endorsed the belief 

that "...manipulatives help children understand both the meanings of 

mathematical ideas and the applications... to real world situations" 

(Kennedy, 1986, p.6). Several major professional publications have also 

endorsed the use of manipulatives in the teaching and learning of 

mathematics (NCTM, 1980; NCTM, 1989; NCSM, 1989). The findings in this 

study appear to support the theory that manipulatives, if used appropriately, 

can assist students in their development of mathematics concepts and skills. 

Another major difference between the two instructional methods 

involved in this study was the emphasis on problem solving. The module 

provided activities that required students, usually in small-groups, to collect 

data through experiments, record their findings, compare their results, and 
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provide generalizations for their discoveries. Typically, the textbook focused 

on computational type problems that were occasionally written in word-

problem format and solved individually. When students were administered 

the PSG achievement test, the students who received instruction from 

activities presented in the module were better able to apply the learned 

concepts. 

A final difference between the two instnjctional methods was the role 

of the teacher. Typically, teachers who provided instructional activities from 

the textbook utilized direct instruction in which they presented the material to 

the whole class, led the discussion and guided practíce, and assigned 

independent practice while monitoring student worî . Occasionally, students 

were allpwed to wori< in groups to collect data but these opportuníties 

appeared to be rare and often lasted approximately ten minutes. The 

teachers who provided instructional activities from the PSG module tended 

to assume the role of a facilitator. Usually, lessons would begin with the 

teachers "setting the stage," then the students would wori< in groups 

investigating the activity assigned. While students wori<ed in groups, the 

teachers would monitor and provide assistance. At the conclusion of the 

activity, the teachers would usually ask the groups to present their findings to 

the class, to discuss processes used, and make generalizations as 

appropriate. 

Therefore, a final implic:ation involves the selection of staff 

development programs. In selecting a mathematics curricula or staff 

development program, special attention should be given to choosing one 
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that offers activities which emphasize hands-on experiences and problem 

solving while offering the teacher an opportunity to facilitate learning. 

Recommenriatinns for Furthar Rpsparrh 

Future research needs to be conducted on staff development 

programs available in mathematics. Recommendations for future research 

are presented in an effort to identify topics that would provide relevant and 

needed studíes. 

1. The Probability, Statistics, and Graphing Module was designed to 

provide teachers with instructional activities and methods for teaching 

probability, statistics, and graphing while emphasizing concept-development 

techniques via manipulatlves, problem solving, higher level thinking skills, 

and group work within a twelve hour inservice. Further research is 

recommended to investigate the effects of mathematics staff development on 

teacher achievement and attitude with similar inservice programs that 

provide at least twelve hours of traíning. 

2. Further research is needed to determine the effectiveness of 

various staff development programs and the impact these trainings have on 

student achievement and attitude. 

3. Further research is needed that focuses on the specific 

components of successful mathematics instruction with the goal of providing 

optimum learning opportunities for students. This focus could target 

components that produce greater achievement in students' conceptual 

understanding of various mathematical topics. It is unclear whether the 

observed achievement gains from the students who received instruction via 
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the probability, statistics, and graphing module were due to the program 

itself orto one of its components such as; manipulatives, problem solvlng, 

group worî , and games. 

4. Further research is needed to determine if other textbook series 

might provide more effective curricula than the single textbook used in this 

study or if textbooks can be developed to do this. 

5. Further research directed toward the development of more 

sensitive assessments for attitude, achievement, and process skills would 

greatly facilitate studies in mathematics. These assessments could be 

designed to assess specific areas in mathematics instead of mathematics in 

general. Areas to be assessed might include probability, statistics, graphing, 

geometry, and measurement. 

6. This study limited the probability, statistics and graphing measure 

to total achievement and attitude. Further research should include analyzing 

the above mentioned topic into subscales in which probability is 

independently analyzed, statistics is independently analyzed, and graphing 

is independently analyzed. 
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Probabi l i ty , Statistics, and Graphing 
Assessment 

Social Security Number (Last 4 Digits) 

Date: 

Ethnicity (V): Anglo/Caucasian, 

Gender (V): 

Age: 

_African- American, 

Hispanic, 

Other 

Male, Female 

Grade Level: 

Directions: 

Read each problem carefully and circle the letter that best represents 
your answer choice. Please show your work. You may use a 
calculator. 

Note: Some fraction answer choices may be simplified. 
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1. The probability of an event 

happening is g. Wha t is the 

probabiHty that the event will not 
happen? 

A. 

B. 

C. 

D. 

E. 

0 

3. Bag 1 and Bag 2 contains blocks as 
shown below. 

2. A coin has been tossed ten times and 
has come up heads each time- Which 
of the foUowing statements is true? 

A. The coin will come up heads on 
the next toss. 

B. The coin will come up tails on the 
next toss. 

C. There is an equal chance of it 
coming up heads or tails on the 
next toss. 

D. The coin is more likely to come up 
heads on the next toss. 

E. The coin is more hkely to come 
up tails on the next toss. 

B.ii; I B a g 2 

IP' 

Which of the foUowing is a tree 
diagram showing the possible 
combined results of drawing a block 
from Bag 1 and then a block from 
Bag2. 

A. 

B. 

C. 

D. 

w 

p - R - G - y 

R 

G 

Y 

R 

G 

R 

G 

V 

P 

w' 

P 

w 

< 

w 

R-Y 

G-Y 

R -Y 

P ' C " ^ 

/ 
\N 
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4. How many different ways could you 
answer a four-item true-false test? 

A. 

B. 

C. 

D. 

E. 

1 

2 

4 

8 

16 

5. If two dice are tossed over and over 
again, which sum would you expect 
to occur most often? 

A. 

B. 

C. 

D. 

E. 

6 

7 

8 

9 

12 

6. Kim spun a spinner 100 times and 
made a record of her results. 

Outcome 

Number of Times 

Blue 

86 

Red 

14 

Which spinner is most likely the one 
Kim used? ,_̂ -_̂  

A. 

B. 

C. 

D. 

E. 

Red Blue 1 
1 / 

\ 

Blue \ Red 
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A bag contains 10 coins. Some 
of the coins are pennies and some are 
mckels. Each of 20 students selected a 
coin from the bag without looking, 
replaced the coin, and recorded the' 
coin in the chart below. 

Coin Drawing 

Based on the results shown on the 
chart, which is the best prediction of 
the number of pennies and nickels 
in the bag? 

A. 4 pennies and 6 nickels 

B. 9 pennies and 1 nickel 

C. 6 pennies and 4 nickels 

D. 1 permy and 9 nickels 

E. 8 penrúes and 12 nickels 

8. The staff at Highland School consists 
of nine teachers and one prindpal. 
The mean salary for the teachers is 
$20,800. The principars salary is 
$52,800. What is the mean salary for 
the staff at the school? 

A. $36,800 

B. $24,000 

C. $18,720 

D. $7,360 

E. None of the above 

9. What is the probability of picking a 
face card (jack, queen, or king) from 
a regular deck of 52 cards? 

A. 

B. ^ 
13 

c. ^ 
3_ 
13 

D. 4_ 
13 

l 
4 

10. The box contains 5 buttons. They are 
the same sLze and shape but have 
different pattems. 

Which is a possible outcome if 3 
buttons are selected from the box at 
one time? 

A. 

B. 

C. 

D. 

# # o 
o o 

E. None of the above 
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11. Maria made a 10-minute long 
distance telephone call to her friend 
in Washington, D.C. Checking the 
long distance rates, she found that 
they were as follows: $1.95 for the 
first minute, $1.65 per minute for 
the next 3 minutes, and $1.50 for 
each minute thereafter. What was 
the mean cost per minute of this 
caU? 

A. $1.70 

B. $1.65 

C. $1.60 

D. $1.59 

E. $1.50 

12. A group of teachers completing the 
pretest for a math class made the 
foilowing scores: 3, 7, 2, 8 ,1 , 4, 7, 2, 2, 
3, and 8. Using the data, what is the 
median for this set of scores? 

A. 

B. 

C. 

D. 

E. 

2 

2.5 

3 

3.5 

7 

13. The number 3 is the mode for which 
of the following sets of numbers? 

A. 8, 3, 4, 2, 6, 3, 8, 6, 3 

B. 3 , 3 , 3 , 2 , 2 , 4 , 4 , 2 , 2 , 1 

C. 1, 2, 3, 4, 5 

D. 5 , 3 , 5 , 3 , 5 , 3 , 5 

None of the above 

14. Which of the following statements is 
false for a given set of data? 

A. There may be more than one 
median. 

B. The median requires that the 
scores be ordered. 

C. The median is not as easily 
influenced by extreme scores. 

D. The median does not give 
information about the total of 

the scores. 

E. The median might not be a 
member of the set. 
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15. The following graph is not complete. 
It is missing which of the following: 

^ 3 

}í 2 
£ 

Oo<;s Cals Fish 0 ( h c r 

A. a key or legend 

B. a title 

C. a title and a descriptor for the 
name line 

D. a key, a title, and a descriptor for 
the name line 

E. a title, and a descriptor for the 
number line 

16. The four types of graphs most 
commonly used in elementary 

school : 

A. vertical graphs, horizontal 
graphs, picto-graphs, and bar 
graphs. 

B. line graphs, bar graphs, 
scattergrams, and picto-graphs. 

C. picto-graphs, bar graphs, line 
graphs, and drcle graphs. 

D. circle graphs, real graphs, picto-
graphs, and bar graphs. 

E. None of the above 

17. A group of students were asked, 
'Wha t is your favorite type of 

music?" Which is a reasonable 
conclusion from the information 
on the graph?" 

F a v o r i t e s T y p c s o f hur . i . 

A. Rock is the favorite type of music 
among the people surveyed. 

B. ^ of those surveyed 

preferred jazz or easy listening 
music. 

C. The next person surveyed 
should prefer heavy metal music. 

D. Some people have more than 
one type of favorite music. 

E. At least half of the people 
surveyed chose either jazz or 
countr}' music as their favorite. 
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18. What is the mean diameter of the 
three smallest planets represented 
in the graph below? 

SIZE OF SELECTEO PLANETS 

ncrcu<~y vexE t2':n r^-i pluio 
PlâQec& 

A. 

B. 

C. 

D. 

E. 

2500 miles 

2833 miies 

4166 miles 

8500 miles 

9300 miles 

19. The graph shows student 
enrollment at Valley High School. 

ScudenC EnrolLBenC 
4 0 0 

3 S 0 

3 0 0 

2 5 0 

2 0 0 

1 5 0 

1 0 0 

5 0 

0 

1 
1 
1 

4 

/ 
^ » ' 

: — • " ' ' 

1 1 
1 1 
1 1 

1 
1 
1 
1 

1 i 1 J -

20. Based on the facts in the graph, 
which is a valid conclusion? 

7 5 - 7 6 • 7 7 -í -l^ eO 
Ycars of EnrolltDcnc 

What can be concluded from the 
information on the graph? 

A. There were more student 
absences in 1979 tíian in 1978. 

B. EnroUment dropped between 
1975 and 1976. 

C. EnroUment doubled between 1979 
and 1980. 

D. More teachers were hired in 1979 
than in 1978. 

E. Enrollment increased every year 
from 1975 to 1980. 

^ 

Cost 

i n 

Dol la r s 

Cost of Thre€ Brands • \ 

of 13-Ounce S ze 
Breakfast Cereal 

4 -

3 -

2 —] 

1 — 

_» 
— - i c 

^ Î S -

.- r 
*iíw 

•d. 

t 
"í* 

L"~* 

^ \k: 
tre 
V 

fc 
1 ; 

îi 
••^\ 

X V 2 
Brand Name 

CZl Cos t last yea r 
l ^ Cos t tliis vear 

J 

A. Brand Z is the most expensive 
brand for this vear. 

B. Out of the three brands studied, 
Brand X remains the least 
expensive. 

C. Brand Z is consistentiy more 
expensive because it contains 
more nutrients. 

D. From last year to this year, Brand 
X had the greatest increase in cost. 

E. Brand Y tastes better than 
Brand X. 
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Psrt A 
LAST 4 DIGITS OF SOCIAL SECURITY NUMBER: 
GRADE LEVEL TAUGHT: 
YEARS OF TEACHING EXPERIENCE AT ANY GRADE LEVEL: 
DATE: 
ETHNICITY (V): Hispanic, Anglo/Caucasian African-American, 

Other 
GENDER(V): Male Female 
AGE: 

Probability, Statistics, and Graphing Attitude Survey 

The items in this scale pertain to your attitude today toward probability, 
statistícs, and graphing. For each item, circle your response to express the extent 
of your attitude. There are no right or wrong answers to these statements! 

Strongly Disagree Disagree Undecided Agree Strongly Agree 
SD D U A SA 

Consider each item individually. 

Probability Statements 

1. Working probability problems is fun. SD D U A SA 

2. I become very tense when people ask me SD D U A SA 
probability questions. 

3. I feel a sense of security when attempting SD D U A SA 
probability problems. 

4. I feel at ease in my knowledge of probability. SD D U A SA 

5. I become very nervous when pianning and/or SD D U A SA 
teaching probability lessons. 

6. I approach teaching probability with a feeling of SD D U A SA 
hesitation. 

Statistics Statements 

7. Working with statistics is fun. SD D U A SA 

8. I become very tense when people ask me SD D U A SA 
questions dealing with statistics. 
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9. I feel a sense of security when attempting statistics SD D U A SA 
problems. 

10. I feel at ease in my knowledge of statistics. SD D U A SA 

11. I bécome very nervous when planning and/or SD D U A SA 
teaching statistics lessons. 

12. I approach teaching statistics with a feeling of SD D U A SA 
hesitation. 

Graphing Statements 

13. Constructing and interpreting graphs is fun. SD D U A SA 

14. I become very tense when people ask me questions SD D U A SA 
that involve interpreting data presented on graphs. 

15. I feel a sense of security when attempting problems SD D U A SA 
that involve graphs. 

16. I feel at ease in my knowledge of graphs. SD D U A SA 

17. I become very nervous when planning and/or SD D U A SA 
teaching lessons on constructing and interpreting 
graphs. 

18. I approach teaching the construction and SD D U A SA 
interpretation of graphs with a feeling of 
hesitation. 

19. It is important for elementary students to coUect SD D U A SA 
data and construct graphs using the data collected. 

General Statements 

20. I am happier teaching a math class tiian any other SD D U A SA 
class. 

21. I have never Hked probability, statistics, and SD D U A SA 
graphing in general. 
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Name: Date: 

Campus: 

Code: 

Teacher. 

Age: 

Fifth-Grade 
Probability, Statistics and Graphing Assessment 

Read each problem carehilly and circle the letter that best represents your 
answer choice. Some fractions answer choices may be simplified. You 
may use a calculator. 

1. The box contains 5 counters. They 
are the same size and shape but have 
different pattems. 

Which is a possible outcome if 3 
counters are selected from the box at 
one time? 

A. 

B. 

C 

D. 

• • o 

2. The graph shows the number of 
basebaU tickets sold by 5 students at 
WUford Elementary. Which two 

students sold a total of 60 tickets 
together? 

Baseball Tickets Sold 

Frank 

Kim 

Miyoko 

Ricky 

Seth 

• 

/ 

• 

• 

• 

• 

• 

/ 

/ 

y 

• 

• 

y 

/ 

• 

• 

• 

• 

• 

• • 

/ 

Each • means 10 tickets sold. 

Frank and Seth 

B. Frank and Miyoko 

C. Kim and Miyoko 

D. Ricky 
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In a total of 10 spins, which shape will 
the spinner probably point to the 
fewest number of times? 

B, O 

D. n 
4. The graph shows the number of 

certain types of shoes sold at the 
Footwear Unlimited store during 
March. 

FOOTWEAR UNLIMITED 
Types of shoes sold during March 

Running 
Shoes 

Sandals 

Dress 
Shoes 

Boots 

•x :>:;:•-: •::::-;:;:-;::i^i--:•:::-:::>:• : - : : : : : : : - : :SS | | 

M 1 1 1 M 1 1 1 1 t M 1 1 1 r 
: ; - : ; ; ; ; : ^ : - : - ; - - : : : - ; : ^ : ; : : : : : : • • : : : : - : ; - . : : : : : ; : > : : : ; ; : - • - : - : ; ; ; : : - : : : : : : : : : : . : ; ^ ; ^ ; : ; : : - -

• • • • • i l 1 1 1 
M M M 1 1 1 

M M 1 j 

1 1 1 
1 
1 

^ 1 — ' 

1 

- — 

10 20 30 

Number of Pairs Sold 

40 

How many pairs of women's dress 
shoes were sold during the month? 

A. 31 

B. 32 

C. 35 

D. 114 

A jar contains 3 blue blocks and 2 
yellow blocks. John chose 1 block 
without looking and then replaced it 
in the jar. Then Ann chose 1 block 
without looking. What is the 
probability that Ann chose a yellow 
block? 

A 

H. 

c^ 
\ 

I), 

3 
b 

? 

1 
2 
5 

l 

b 

6. Bonita scored 12, 12, 15, and 17 points 
during the 4 seasons she played 
basketball. What was her mean 
(average) number of points per 
season? 

A. 56 

B. 28 

C 14 

D. 12 
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7. The graph shows the population of 
people between the ages of 5 and 17 
between the years of 1940 and 1990. 

54 

•sr 52 
c o 

1 50 

å^8 
o 
O) 

CL 

Oi 
n 
E 4-4 
3 

Population ot People 
5-17 Years Qld. 1940-1990 

ii 

42 

0 1940 1950 1960 1970 1980 1990 

Year 

During which time period did the 
population decrease the greatest 
amount? 

A. between 1940 and 1950 

B. between 1950 and 1960 

C. between 1960 and 1970 

D. between 1980 and 1990 

8. Arturo has 4 trophies, 1 each for 
basketball, football, track, and 
academic achievement. How many 
different ways can he arrange them 
on his trophy case? 

A 24 

B 16 

C 8 

D 4 

9. The graph below shows ice cream 
flavors which are liked best by 
students in La Grange, Texas. 

FAVORITE ICE CREAM FLAVORS 

No. 
o< 

Saxtenoi 

Qioco la te Banana Strawberry Vani l la 

ICE CREAM FLAVORS 

What is the difference between the 
number of students who like the 
most popular ice cream flavor than 
the least popular ice cream flavor? 

A. 120 stijdents 

B. 40 students 

C. 20 stiadents 

D. 10 students 

10. Amy placed these cards face down 
and mixed them. Then she drew a 
card and recorded the number on it. 
Which number is Amy most likely 

to draw? 

A. 8 

B. 7 

C. 6 

D. 5 

5 

1 

1 
6 i 

1 

5 

7 

5 

7 

5 

7 

1 1 

6 1 
! 

8 

110 



11. Kim spun a spinner 100 times and 
made a record of her results. 

Outcome 

Number of Times 

Blue 

86 

Red 

14 

Which spinner is most likely the one 
Kim used? 

A. i 

B. 

C. 

D. 

12. The probability of an event 
3 

happening is g. What is the 
probability that the event will not 
happen? 

B. 

C. 

D. 

0 

3 
8 

5 
8 

13. The following graph is not complete. 
It is missing which of the following? 

t 3 
o 

5< : 

- • ^ J 

ifeí 
Í 3 s 

J t - , 

•í^ 
*rt> 
fí'j' 

-2=5 'm 
Æi 
-••1 

* ^ ' J 
^'A 
A.'^íj 
~*w 

^ i 
Dogs Cats Fish O t t x r 

A. a key or legend 

B. a titie 

C. a titie and a descriptor for the 
name line 

D. a key, a titie, and a descriptor for 
the name line. 
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14. What is the mean diameter of tiie 
three smallest planets represented 
in the graph below? 

SIZE OF SELECTED PUVNETS 

eooo 

Mercury Venus Earth Mars Pluto 
l'lanets 

A. 

B. 

C. 

D. 

2833 miles 

4166 miles 

8500 miles 

9300 miles 

15. Math Test Scores 

c 

o 

3 

60 70 80 90 

Test Scores 

What is the mode of the scores 
presented on tíie graph 'Tvlath Test 
Scores? 

A. 

B. 

C. 

D. 

60 

70 

80 

90 
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APPENDIX B: SAMPLE MODULE ACTIVITIES 
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Texas Education Agency 
Mathematics Staff Development Program 

Module 8 

PROBABILITY,STATISTICS, 
AND GRAPHING 

Grades 3 - 6 

Session 1 

PRESENTED BY 

SHARON WELLS 

SHARON WELLS CONSULTING, INC 
5701 GENEVA AVENUE 
LUBBOCK, TEXAS 79413 

(806) 792-7063 
FAX (806) 763-5574 
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TREE DIAGRAMS 
Complete the tree diagrams for two chips and three coins. List the 
possible outcomes to the right of eoch tree diogram. 

Two ChlD Toss 
Rrst 
Chip 

Second 
ChlD 

Possible 
Outcomes 

Chip 

Three Coln Toss 
Rrst 
CQin 

Second 
CQin 

Third 
CQin 

Possible 
Qutcomes 

Coin 

< 
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TWO CHIP TOSS 
In this experiment, you will toss 2 red/yellow chips and record 

the frequency of each outcome. Predict which outcome will occur 
most frequently. Circle your predictlon: 

RR RY YR YY 

Toss the 2 chips simultoneously 50 times. After each trioL record 
the outcome on the table below. Calculate the frequency of 
outcomes ond the probability of eoch outcome in this experiment 
Complete the table. 

OUTCOME 

RR 

RY 

YR 

YY 

TRIALS 
FREQUENCY 

OF 
OUTCOME 

1. Whot were the results of the experiment? 

2. Was your prediction accurote? 
Why or why not? 

3. Look back ot the tree diogrom and somple space you completed 
for the '*Two Chip Toss' experiment during the lcst activity. How 
close dld your outcom.es come to the expected probobilíty? 

4. If you tossed the two chips simultaneously 1,000 times. do you think 
the outcomes would be closer to the expected theoreticol 
probability? . — 
Why or why not? 
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TWO COLOR DICE TOSS 
In this activity, each time you LQH the dice you will sum the 2 

numbers to obtoin on outcome. Write this number in the appropriate 
box if it is empty. Continue this procedure until you have written a 
number in each box on the table below. The colors of the dice ore 
importont ond determine where the sum should be entered. For 
example, Green 3 and White 4 gives the same sum as White 3 ond 
Green 4, but the sum will be recorded differently. 

As you roH and record the sum, keep o tally of the number of 
times you roll the dice. 

6 

5 

Í 3 

2 

1 • 

8 

1 2 3 4 

Green Die 

Sample Roli: Green 5 + White 3 = 8 

Tallv of Number of Rolls 
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Texas Education Agency 
Mathematics Staff Development Program 

Module 8 

PROBABILITY,STATISTICS, 
AND GRAPHING 

Grades 3 - 6 

Session 2 

PRESENTED BY 

SHARON WELLS 

SHARON WELLS CONSULTING, INC 
5701 GENEVA AVENUE 
LUBBOCK, TEXAS 79413 

(806) 792-7063 
FAX (806) 763-5574 
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PAPER CUP TOSS 
This is an experiment that deals with probability. You will use the 

results to construct a bar groph. 

o. First determine the possible outcomes of tossing a poper cup into 
the oir. Try it and see what happens. Record the outcomes on 
the tabie. 

b. Predict which way the cup will land more often. 
Prediction: 

c. Toss the cup 20 times ond record the results on the table. 

d. Construct o bar groph with the collected dato. 

OUTCOMES TALLY FREQUENCY 

1. How did the cup land more often? 

2. Why do you think this happened? 

3. How do your results compare with other groups? 

4. If this were a gome, would it be fair? 

Explain. 
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PAPER CUP TOSS GRAPH SHEET 

(Tttle) 

! 

» 

^ 

_l 
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Texas Education Agency 
Mathematics Staff Development Program 

Module 8 

PROBABILITY,STATISTICS, 
AND GRAPHING 

Grades 3 - 6 

Session 3 

PRESENTED BY 

SHARON WELLS 

SHARON WELLS CONSULTING, INC. 
5701 GENEVA AVENUE 
LUBBOCK, TEXAS 79413 

(806) 792-7063 
FAX (806) 763-5574 
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OUR FAVORITE FAST FOOD RESTAURANT 
From the data collected in the class survey, design a pictograph which shows 
the groups' favorite fast food restauront. 

Title 
Chcrt 

1. Whot are the group's 12 most popular fast food 
restaurants? 

2 Record the names of these restauronts in the chart 
above? 

3. How many people chose each restaurant? 

4. Now fill in the pictograph on the next page using 
names of the most popuiar fast food restaurants 
and the *Happy Faces* you received as symbols. 

Our Favorite Fost Food Restauront Number of People 

! 
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Texas Education Agency 
Mathematics Staff Development Program 

Module 8 

PROBABILITY,STATISTICS, 
AND GRAPHING 

Grades 3 - 6 

Session 4 

PRESENTED BY 

SHARON WELLS 

SHARON WELLS CONSULTING, INC. 
5701 GENEVA AVENUE 
LUBBOCK, TEXAS 79413 

(806) 792-7063 
FAX (806) 763-5574 
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DOUBLES DICE 
Roll two dice. Complete the table below by writing down the 
number of rolls you make before gett ing doubles. Repect this 
activity 10 times. 

1. 

2. 

TRY 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

NUMBER OF ROLLS 

WITHOUT DOUBLES 

What was the largest number of rolls you made before getting 
doubles? 

Organize your da ta and determine the mean, median. mode. 
and range scores for this activity. 

Mean: Mode: 
Median: Range: 

Find ^e mean scores for 5 other groups. Record their scores 
beiow. 

How does their da ta compare with yours? 

5. For your class, wha t was the record number of rolls made 
before gett ing doubles? 
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THE FIRST ACE PROBLEM 
Take a regular deck of 52 cards and shuffle them thoroughly. If you then 
turn the cards over one-by-one, what Is the average number of cards you 
would expect to turn over before getring on ace? ^ 
Try this activity 10 tlmes and record the number of ccrcs you rurn over 
before gettlng an ace. Shuffle the cards before stcrtlng each new try. 

Try 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Total 

Number of Cards 
Before First Ace 

1. What was the highest number of cards you turned over before getting 
an ace? The lowest number of cards? 

2. What Is the range score for your 10 trles? 

3. What was the mean number of cards turned over before the flrst ace 
occurred for your 10 trles? 

4. Are your results simllar to the data coilected by other groups? 

5. Is the range or Ihe mean more descrlptive of the data collected during 
this activity? Why? 
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April 19, 1994 

'' . , have received itie following maíerials, 
purchased with Title II funds, írom Sharon Walsh-Cavazos. I understand that these 
materials will remain in my possession as long as I teach in La Joya ISD. Upon my 
departure írom La Joya ISD, I will return these materials to the District Math 
Coordinator. These items were purchased from Cuisenaire Company. 

Descriptlon Price 

Overhead Dice Set $11.95 
Overhead Counters 3.25 
Overhead Spinners 4.95 
Centimeter Cubes 30.00 
Two-Color Counters 9.95 
Blank Dice 9.95 
Dice 9.95 

$80.00 

Name: 

School: 

Grade Level:_ 

Date: 

128 



TO: 

FROM: Sharon Walsh-Cavazos 

DATE: April22, 1994 

RE: Probability, Statistics, and Graphing Study 

Enclosed are the Probability, Statistics, and Graphing pretests! It will take the 
students approximately thirty to forty-five minutes to complete. Students may 
write on the test (scratch paper is not to be used), may use a calculator, and 
are to circle their answer choices. Highlighters may be used and students are 
encouraged to practice any TAAS testing strategies that you may have taught. 
The test is not timed. 

Have students fill in their name, campus, Student ID code (provided on the 
green sheets), date, your name and their age. 

Please give the completed exams and any unused exams (25 total) to the 
campus secretary at the end of the day and I will pick them up between 3:30 -
4:30 today. 

NOTE: 
Attached are the objectives that each fifth-grade teacher should address 
during the twelve-hours of instruction between April 25 and May 23. The 
twelve hours of instruction do not include the time needed for pre- and 
posttesting. I would like to posttest all the fifth-grade students during the 
afternoon of May 24. 

I am also providing you with a black calendar and would like for you to make a 
plan of the days in which you will be teaching probability, statistics, and/or 
graphing. Please jot down the TAAS objective(s) (i.e., 5.1, 5.2,...) or the 
Essential Elements (i.e., 7A, 78...) that you will be targeting and the time you 
plan to teach the lesson. Remember that you may choose any of the days that 
you need to get the twelve hours of instmction. Early next week, I would like to 
go over the calendar with you during your conference period and answer any 
questions that you may have. 

Thank you for your assistance. I feel confident that our students will benefit 
from the study. Feel free to call me at Ext. 5039 anytime you might have a 
question or need assistance! 
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TAAS Objectives for Fifth-Grade 

5.1 Determine possible outcomes in a given situation 
5.2 Analyze data and interpret graphs 
5.3 Use counting arrangements 
5.4 Use a fraction to describe the probability of an event 
5.5 Find means (averages) 

Texas' Essential Elements for Fifth-Grade on Probability, Statístics, 
and Graphing 

Probability, Statistics, and graphing. Use of probability and statistics to collect, 
interpret data. The student shall be provided opportunities to: 

7A collect, organíze. and interpret data to solve applícation problems; 
7B explain the decisions that need to be made before constructing a graph; 
70 recognize measures of central tendency as ways of summarizing a set 

of data; 
70 use averaging in problem-solving situations; 
7E predict the number of arrangements of a given set of objects and 

experimentally verify the predictions; 
7F list all possible outcomes of an experiment; 
7G use a fraction to describe the probability of a given event; 
7H make and refine predictions based on exploration of different sample 

sizes within experiments; and 
71 plot points on a coordinate plane that represent ordered pairs of whole 

numbers, arising from application problems. 
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To: 

From: Sharon Walsh-Cavazos 

Date: May 23, 1994 

RE: Probability, Statistics, and Graphing Study 

Here are the posttests for testing! Remember to encourage students to use any testing 
strategies that you have taught. Also, the students are allowed to use a calculator and 
to write on the tests. When the students complete the tests, please place them in the 
brown envelope, attach the enclosed label over the original label and give tlie envelope 
to your campus secretary to send back to me. If you want to use this for a test grade, 
please put a * in one outside corner of the envelope and I will have the grades returned 
to you by Wednesday noon. 

AIso, please include the information regarding the dates you taught probability, 
statistics, and graphing, the activities/page numbers that you covered and the total 
number of hours you taught probability, statistics, and/or graphing. You may want to 
provide copies of your lesson plans or the calendar or both - your choice! 

Thank you so very much for your participation in this study. If you have any questions, 
please call me at extension 5039. I have included a little pin as a small 'Thank You". 
Have a wonderful summer!! 
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