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ABSTRACT

This research is comprised of several studies using Curriculum-Based
Measurement (CBM) math fluency from a Canadian school district. The pre-study
investigated inter-rater reliability for 38 markers. After marking 14 Grade 7 CBM math
probes a correlation mean of .98, and median of .99 were calculated for the markers.
Unanimous agreement was reached by the markers on 40% of the questions completed by
the students. Despite a high correlation between markers additional analysis determined
several issues contributing to marker discrepancy including addition errors, unmarked
questions, and not following marking rules.

The main study investigated gender and relative-age differences, effect sizes, and
effect size comparisons. Two additional studies examined performance group differences
and grade retention. A sample consisting of 1754 Grade 1 to 7 students participated in all
aspects of the main ‘study and performance group differences. Seventy Grades 1 to 7
students, eliminated from the main study, comprised the grade retention study. Using a 2
x 3 x 3 repeated measures ANOVA the results indicated no evidence of gender, relative-
age differences or an interaction. Additional investigation with ¢ tests, and effect sizes
noted a gender difference for Grade 1 and 2 only. Most effect sizes were trivial for
gender and relative-age differences. One gender or relative-age was not favoured over
another. Effect size results wére compared to CBM reading and writing as well as the
results of other math research. Differences between performance groups were not
evident. Retained students did not perform as well as the students who were in the

appropriate grade for their age.
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CHAPTER ONE: INTRODUCTION

Academic achievement is a continual topic of concern. Accountability is often
considered an issue in education. Comparison of students with each other, and against
the perceived or determined “average”, is deemed necessary to provide accountability.
Through performance or achievement comparisons, it is possible to determine if students
are making progress relative to themselves or their peers. Student comparison happens in
classrooms, schools, and districts and even among students from different countries.
Frequently, a concern fegarding achievement centres on the way one subgroup fares in
comparison to the total group average. The ongoing controversy regarding gender is
whether boys and girls academic performance ie similar, or whether one gender
outperforms the other. Specifically, “concerns [exist] about the failure of female students
to achieve their academic potential” (Wentzel, 1988, p. 691). Another debate raised is
how the month of birth impacts a student’s academic performance. Gender issues are
also surfacing regarding differences between boys and girls identified as the top
performers in a class. Does gender, relative-age, or ability level impact student
achievement? Further investigation is required to determine if gender, relative-age, or
ability level are worth consideration.

The National Post Online on December 6", 2000 reported a study in May 1999
that compared Canadian students to students from other countries in math and science
(see Mullis, Martin, & Gonzalez, et al., 1999 for fuller details regarding the Third
International Math and Science Study). For some time an ongoing concern in math has
been the underachievement of females compared to males. This international study

addressed the issue of Canadian students and the results of the study indicated that



“Canadian boys and girls did equally well in math, but boys outperformed girls by a
substantial margin in science” (“Canadian students near top,” 2000). Another article
discussed provincial test results of Ontario students and argued that, for gender
d‘ifferences, “the gap narrows significantly in math ... as children go through high
school” (Lindgren, 2000). Both articles indicated that, despite the history of concern
regarding gender differences in math, it is questionable whether there is still reason for
concern.

Owens (2001) reported in a National Post Online article that boys are the
disadvantaged gender when entering kindergarten. In contrast to “Canadian students near
top” (2000) and Lindgren (2000), Owens suggested “boys should start kindergarten a
year later than girls to compensate for their slower development rate.” This slower
development of boys not only impacts their Kindergarten performance but, according to
Owens, also impacts latef development. He demonstrated this with Grade 3 and Grade 6
test results in Ontario which indicated that “a clear majority of boys do not reach the
provincial standard in either reading or writing, while a clear majority of girls do,
[whereas] in math boys trail girls by about 10%.” Owens recommends a method to solve
relative-age concerns as well as retention issues. If younger students, born in the last
three months before the school entry cut-off, develop more slowly than the average age,
or their older peers of the same birth year and grade, then one can infer they will not
perform academically as well their peers. Owens is claiming that retaining a student will
increase a student’s chance to develop academically at the same level as their year

younger peers. Thus, Owens suggests that younger or less academically developed



students will benefit from grade retention and should not Be expécted to perform as well
as their age appropriate peers.

These articles suggest that the questions surrounding the existence of gender and
relative-age differences do not have definitive answers. For educators, parents and
students, the answers to concerns surrounding gender and relative-age differences in math
have not been provided. In order to investigate these issues, a measurement tool is
required. Many researchers, especially in the United States, use standardized tests to
explore the existencé of gender and relative-age differences (Hall, Davis, Bolen & Chia,
1999; Olson, 1989; Rabinowitz, 1989). However, a number of potential difficulties can
arise when standardized tests are used. Test users must possess the qualifications to
select, administer, score, and interpret the test (Sax & Newton, 1997).

One possible measurement tool researchers could use which is not a standardized
test is Curriculum-Based Measurement (CBM). A Canadian school district is presently
using CBM as an alternate measurement tool. Therefore, it is possible to investigate the
‘ existencé of gender, relative-age, performance group, and grade retention differences in
math without using a standardized test.

The assessment tool implemented to explore the existence of differences in
gender, relative-age, performance group or grade retention, does not change the need for
.a response to the results. No evidence of differences may result in no action or further
investigation. If differences are found, then educators must determine how they will
attempt to correct these differences. One option could be to allow the differences to

continue without intervention. Alternatively, the educators could pursue additional



research to determine possible causes of the differences. F inally, educators could
implement strategies to change the existence of differences.
Curriculum-Based Measurement

In response to the negative attitudes towards standardized testing, educators have
developed alternative methods of evaluation (Daniels, 1999). These alternate
assessments include Curriculuijased Assessment (CBA) and CBM. Curriculum-Based
Assessment allows educators to measure a student’s growth on short-term objectives. As
the student masters the curriculum, CBA changes the test format. The difficulty level of
the test then increases (Fuchs & Fuchs, 1992; Deno, 1992). In contrast, CBM, which is a
form of CBA, measures the student’s progress tbward a specified goal at the end of the
school year. Therefore, the CBM test format and difficulty remain the same (Allinder &
Eccarius, 1999; Fuchs & Fuchs, 1992).

Another difference between CBM and CBA “is that CBM employs a prescriptive
set of measurement procedures with documented reliability and validity” (Fuchs &
Fuchs, 1992, p. 45). According to Marston (1989), these measures or probes must be
“(1) tied to the students’ curricula, (2) of short duration to facilitate frequent
administration, (3) capable of having multiple forms, (4) inexpensive, and (5) sensitive to
the improvement of students’ achievement over time” (p.30)7 The CBM tests used to
measure academic progress are called probes. Probes measure basic academic skills in
reading, writing, math, and spelling. |

CBM was first introduced as a tool for méking decisions regarding student

progress and programming in special education (Deno, 1989; Fuchs, Fuchs, Hamlett, &
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Stecker, 1990; Shinn, 1989). Since the development of CBM, it continues to be used as a
tool to assist in making decisions regarding special education services in school districts.
Description of the School District

One Canadian school district using CBM as an alternate assessment tool is School
District No. 57 (SD57), Prince George. This district is located in the central interior of the
province of British Columbia and is a large district both geographically and in student
population. The school district is composed of the city of Prince George as the major
centre, the three smaller‘communities of Mackenzie, McBride, and Valemount and the
areas in between. As a district, it has schools located in a variety of settings including
inner-city, suburban and rural. Inner-city schools have many students who live in
poverty, come to school hungry, and who benefit from additional resources and
programs. During the 1999-2000 school year 18,664 students were enrolled in the
schools, of whom 10,872 were elementary students. Of the total number of students, 10

to 12% are self-identified as aboriginal. Status and Non-status, Metis, and Inuit are all

considered aboriginal. The school district employed appro;(imately 1170 teachers in
1999-2000. |

Hedekar (1997) completed a similar study to this one in SD57. Although the
academic subjects studied by Hedekar differed from mine, many other factors of her
study resemble this one. Minor changes have taken place in the district since completion
of Hedekar’s study. The district has experienced a slight decrease in student and teaching
population. Some staff turnover has taken place within the district. A few teachers have
remained in the same teaching position since development of the first CBM norming

project. This increased the consistency in administration and scoring of the CBM probes



between the first CBM norming project and the CBM matﬁ norrhing project. Thus, the
data collected for this study comes from a similar student population as in the original
CBM study in the school district.

History of Curriculum-Based Measurement in the School District

Educators in SD57, became interested in CBM in 1985 (School District No. 57,
1996). Teachers began implementing the CBM reading, spelling and written expression
techniques as a means of monitoring student progress after attending a 1991 Tri-
University Summer .Institute in Curriculum Based Measurement held in Prince George.
Subsequent research by Area Support Team members, combined with the confirmatory
experiences of teachers who used CBM probes in their classrooms, led to the decision
that CBM would support the principles, guidelines and recommendations of the School
Support Services Task Force established in June, 1993. It was determined that the CBM
procedures, which combined regular assessments with effective interventions, would fit
with the new problem-solving model developed by the district. Consequently, the district
began a research project into locally developed CBM norms, one that would assist
educators using the School District problem-solving model.

The first CBM Research Project in SD57 began in Spring 1995, and was overseen
by a joint.committee of the School District and the University of Northern British
Columbia (UNBC). A plan was formulated for the development of local CBM norms at
the elementary level for reading and written expression (School District No. 57, 1996).
Data for reading and written expression norms were collected during the 1995-1996
school year. Prior to data collection, a teacher representative from every elementary

school in the school district attended a one-day training session to learn how to



administer and score the CBM probes. A total of 1849 stﬁdents from Grades 1 to 7
participated in the project. Three norming periods for Grades 2 to 7 took place in
October, January and April. Grade 1 students only participated in the April norming
period. A stratified, random sample of approximately 20% of the student population in
Grades 1 to 7 participated in this original SD57 CBM norming project. Following
collection of the data by SD57, it was sent to the UNBC. At UNBC the data was
analyzed, and Dr. Peter MacMillan developed norms for each grade level and norming
period. The CBM norms for reading and written expression were then presented at an
inservice held the following school year to school personnel in written form asa
Guidebook.

Popular concern for student comparison had further implications for schools
regarding the use of CBM. In SD57 the concern for student achievement lead to the
formation of an Academic Achievement Committee in each school. The CBM reading,
written expression and math norms developed by SD57 are elementary school indices
available for setting academic achievement goals. In fact, almost all elementary schools
in SD57 now use the reading CBM scores. Less than 50% of the elementary schools use
the writing CBM scores to monitor the school’s achievement against the district norms.
About 50% of the elementary schools plan to use the CBM math scores to monitor
progress as part of their Academic Achievement plan when the math norms became
available. The opportunity to compare school norms to district norms enables schools to
determine academic growth, allocate resources, and make program decisions which

impacts students’ future academic development.



Curriculum-Based Measurement was originally introduced into SD57 as a
technique to monitor student progress. However, as outlined by Fewster (2000), it was
also adopted by SD57 in 1994 to assist in identifying students requiring support as part of
the “formal problem-solving model for the delivery of special education services” (p.2).
At the time of this writing, CBM is considered a valuable tool in all elementary schools
of the district, and is used to monitor student progress, identify students requiring special
education assistance, and monitor student achievement. The work by Fewster showed
that the reading and Writing fluency norms predicted academic success in the humanities
areas in secondary school. Consequently, while CBM probes and their related norming
information are useful assessment tools for determining the current success of an
elementary student, they also serve as predictors of future academic success in Grades 8,
9, and 10.

The use of CBM in schools is not limited to the reading and writing techniques

‘taught for the first norming project. Additional inservices in SD57 introduced teachers to
CBM techniques for monitoring spelling and additional wﬁting assessment techniques.

A few educators developed some of their own CBM measures to monitor studént
progress. Hence, many staff members, including this researcher, made requests for the
development of further valid and reliable CBM math norms to provide additional tools
for assessing and monitoring student progress. As a result, the district undertook a

second major CBM norming project in math computation for students in Grades 1 to 7,

during the 1999-2000 school year.



Research Problem and Hypotfleses

The existence of gender differences in the area of math continues to be a concern
in schools. Historically, the focus of this concern has been on the under-achievement 6f
girls in comparison to boys (Sadker, 1994). Several factors may contribute to gender
differences. Nevertheless, it is difficult to know if there should be a concerted effort put
into discovering the cause, without knowing the state of the gender differences.
Discovering if gender differences do exist will provide a first step to dealing with the
cause. The existence of consistent gender differences throughout all the grades is
unknown. It is difficult to determine if gender differences exist without consistent
measures to provide a reliable and valid comparison.

A further concern in the area of math often discussed by parents and school staff
is the relative-age (as determined by the month of birth within a specific calendar year) of
students and their academic success. Hearing that a student has a “late” birthday (as
defined by having a birthday in the last three months of a calendar year) often goes hand-
in-hand with the expectation that the student may not be progressing or achieving at the
same rate as other students. In contrast, it is expected that older students in the same
grade, whose birthday is in the first three months of a calendar year, will be the high
achievers in their grade. At present, evidence regarding the impact of relative-age on
academic achievement is con;[radictory (Boyd, 1989; Olson, 1989).

If however, gender differences do not exist within the average population,
researchers question the concern about gender differences between the high and low
achievers. It is possible that more boys than girls are among the high achievers in the area

of math. Gender differences within selected populations could impact future academic
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and professional choices of students. Unless it can be determined that gender differences
exist within high or low performance groups, their effect is unknown.

Finally, if a student has difficulty achieving academically, grade retention is
considered a solution to increase the student’s opportunity for academic success. It could
be argued that academic success is more assured by holding students back one year so
that they are among the older students in the class, rather than among the younger
students in their present grade. Placing a student in a grade below what is appropriate for
their age provides them with the opportunity to achieve academically as well as or better
than their age appropriate peers do. What remains unknown is if retaining a student in a
grade increases their chance for success in math.

To address the concerns raised by these questions, a method of reliably answering
these questions must be available. Use of the data collected for the CBM math norming
project in SD57, during the 1999-2000 school year is one possibl¢ way to answer these
questions. However, since many different people undertook the scoring and
administration of these probes, the question arises about the reliability of the marking.
According to Hedekar (1997), the markers in her CBM study of reading and written
expression produced reliable results. Before this present study, it was unknown if there
was enough consistency between the markers of the CBM math data to consider ‘the
results reliable. It has not been determined if the CBM math norming data can reliably
answer questions regarding the influence of gender, relative-age, performance group, and
grade retention differences.

This researcher looked at marker reliability (inter-rater reliability) as it relates to

the main study. The markers’ reliability was determined before undertaking the other
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studies regarding CBM math. The results of the Inter-Rater study add to the reliability of
the CBM math gender and relative-age results. If marker reliability is low, the results for

the rest of the study could be considered invalid.

Definition of terms

Note that where deﬁnitions used in this study are taken directly from another
reference source their quotation marks are eliminated. Other sources of definitions are
acknowledged for each individual term in the parenthesis following the definition.

Curriculum-Based Mea&urement (CBM) refers to specific procedures used for
measuring pupil proficiency within basic skills of the curricula. The basic skills typically
measured are reading, written expression, math and spelling. CBM has documented
reliability and validity. The skills assessed represent the curriculum for a complete school
year and use year-end goals (Fuchs et al., 1990; Fuchs & Fuchs, 1992).

CBM Math Data refers to the analyzed CBM math scores acquired for all the
students during one or more math probe administrations in a defined setting. The setting
could be a classroom, school, or school district. For this study the setting is SD57.

Norms are scores determined for the students at each grade level, established
through testing, against which subsequent testing can be analyzed. Elliot and Bretzing
state norms are percentiles, or standard score conversions, derived from a distribution of
scores earned by an identified group (cited in Hedekar, 1997, p. 23). In this study, CBM
math norms refers to the norms Walraven and MacMillan (2000) developed for SD57
using the CBM math data collected during the 1999-2000 school year (see Appendix B

and C).



Probes are concise CBM measurement tests designed to assess skills in reading,
writing, spelling, and math fluency (Hedekar, 1997) and are relevant to the curriculum for
the school year (Allinder & Eccarius, 1999; Deno, 1992; Howell, Fox & Morehead,
1993; Shinn et al. 1990). A math probe consists of two pages of representative math
questions from the math curriculum for a specific grade. Each probe has 15 questions on
each of the two pages. Math probes are administered for five minutes. For a sample CBM
math probe and answer key see Appendix D.

Correct digits (CD) in math fluency, refers to credit earned for each digit that is
correct within a student response (Baker, Collins, & Goodwin, 1992, p. 66).

CD score is the total number of c-orrect digits earned on a CBM math probe.

CBM math score refers to the student’s total number of digits correct on a sample
of items, which represents the pool of problem types the student is expécted to know by
the end of the school year in a specific grade (Fuchs et al., 1990).

Relative-age refers to the month of birth within a specific calendar year in relation
to school enrolment. In this study, there are three relative-age groups for students placed
in the appropriate grade for their age. The three groups are defined below as: dldest,
average and youngest.

Youngest age group (group 1) refers to students who were born during the months
of October, November and Décember. They would be the youngest students in terms of
years and months for any given grade level group (the school enrolment cut off date in
British Columbia is December 31%) (Hedekar, 1997).

Average age group (group 2) refers to students who were born during the months

of April, May, June, July, August and September (Hedekar, 1997, p. 24).
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Oldest age group (group 3) refers to students who ‘were born during the months of
January, February, and March (Hedekar, 1997, p. 24).
High performance group (group 1) refers to students who achieved above the 75th
pércentile on the cumulative CD scores from the three CBM math norming periods.
Average performance group (group 2) refers to students who achieved from the
25th percentile to the 75th percentile on the cumulative CD scores from the three CBM
math norming periods.
Low performance group (group 3) refers to students who achieved below the 25th -
percentile on the cumulative CD scores from the three CBM math norming periods.
Retained students refers to any student who was born in the calendar year
previous to their present grade level peers. The reason for the student’s grade retention is
not known to the researcher and therefore could include students held back from
beginning school or retained by parents or the education system for any number of
reasons (Hedekar, 1997).
Research Questions
1. Do markers produce consistent, reliable results (given that prior data analysis
and presentation convey the sense that there was uniformity of the marking of
the sample) using CBM math data as the measurement tool?
2. Are gender differences evident in all grades and at all norming periods as
measured by CBM math data?
3. Are relative-age differences evident throughout all grades and norming

periods when measured with CBM math data?
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4. Are the CBM math results for gender and relafive-age of the same magnitude
and direction as the results produced by Hedekar & MacMillan’s study
(personal communication, January 30, 2002) for the CBM reading and writing
fluency? Writing fluency for Hedekar and MacMillan refers to words spelled
correctly (WSC).

5. Are the gender differences from this study, of the same magnitude as other
research of gender differences when using CBM math data?

6. Are gender differences evident in different performance groups of all grades
and norming periods.as measured by CBM math data?

7. Are retained students equally, or more successful than students in their age
appropriate grade as determined by their mean CBM math scores?

Hypotheses
The following hypotheses are derived from the research questions and were tested

during this study. Each hypothesis number reflects the number of the corresponding

research question.

1. The first question regarding Inter-Rater reliability could not be formulated as a
hypothesis. If markers marked the same, the means will be equal, variability will be
zero and the correlation will be 1.00.

2. Investigation of the next research question requires that the mean of the math fluency,
as measured by the correct digits on math probes, of the male students to be equal to

the math fluency of female students, within each grade.

Ho: pgm = gt

Hi: pgm # pgr.



15

Where g refers to Grades 1 through 7, m and f refer to male and female.

3. For investigation of this question it was necessary to determine the means of three

different age groups within each grade. These are the same relative-age group

definitions used by Hedekar (1997).
Ho: pgj = pgj

Hi:pg # pgp.

Where j and j° = 1, 2, 3 for the three relative-age groups but j =j’. The
other symbols are defined as in the previous questions.

. This question regarding effect size differences between Hedekar & MacMillan’s
study (personal communication, January 30, 2002) and this present study, cannot be
formulated as a hypothesis.

. As with the previous question, effect size differences between other math research
and this study, cannot be formulated as a hypothesis.

. Investigation of this question required each gender from Grades 1 to 7 to be divided
into three performance groups. The three performance groups were low, average and

high groups (see definition section for further information).
Ho: tgmp = Hetp-
Hi: pemp # Hgfp-

Where p defines the performance groups. The other symbols are defined

in question one.

7. To investigate the last question, the mean score of the students who were retained and

are therefore older than they should be for their grade were compared with the scores



of students who are the correct age. Retained students, who are at least one year older
than most peers in the same grade, should perform as an “average” student who is in

the age appropriate grade.
Ho: pgj = g
Hi: pgy # pgr.

Where r stands for the retained students. Other symbols are defined in the

previous questions.
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CHAPTER TWO: LITERATURE REVIEW
There are three sections within this chapter reviewing literature relevant to this
study. The first section investigates the development and use of CBM. Then, the second
section examines research in mathematics achievement at it relates to gender differences,
gender differences and the high performance group, relative-age differences, gender and
relative-age differences using CBM math, and grade retention. Finally, section three

reflects on the signiﬁcance of the proposed study.

Curriculum-Based Measurement

Development and Use of Curriculum-Based Measurement

Alternate forms of assessment and evaluation evolved as educators expressed
dissatisfaction with traditional assessment practices (Daniels, 1999). The advantages of
alternate forms of assessment over traditional, commercial, norm-referenced, and
standardized tests are that teachers obtain a more accurate or representative description of
a student’s strengths, weaknesses, and needs. Using information obtained from alternate
assessments allows teachers to develop individualized programs of instruction that
improve the quality and effectiveness of their instruction. Curriculum-Based Assessment
(CBA) is one form of alternate assessment that has been developed. Fuchs and Deno
(1994), and Tucker (1985) state that three advantages accrue from the use of CBA: (a) it
assesses the curriculum of the local school, (b) it provides local control over assessment,
and (c) it allows teachers to assess a student’s progress in relation to the curriculum.
CBA data can assist in making decisions regarding the effectiveness of Individual

Education Plans (IEPs) (King-Sears, Cummings & Hullihen, 1994). The five steps
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involved in using CBA techniques in a classroom include‘: (a) analyze the curriculum,
(b) prepare procedures and probes to meet the curriculum objectives, (c) probe frequently
to collect the data, (d) display the data using a graph format, and (e) interpret the results-
revisions and make decisions (King-Sears, Burgess, & Lawson, 1999; King-Sears,
Cummings, et al.; Salvia & Hughes, 1990). As Marston and Magnusson (1988) state,
CBM emerged as one type of CBA model. Curriculum-Based Measurement analyzes
results from direct and repeated measurement procedures, administered for a specific
length of time.

Curriculum-Based Measurement has become a familiar term to many educators
since its development at the University of Minnesota by Stanley Deno and Phyllis Mirkin
during the late 1970s and early 1980s (Deno, 1985; Marston, 1989; Shinn, Nolet &
Knutson, 1990). The criteria set for the development of CBM measures requires them to
be reliable, valid, simple, efficient, easily understood, and inexpensive (Deno, 1985).
Fuchs and Fuchs (1997) state CBM was originally developed “to monitor student
progress and ... link instructional planning with assessment information to enhance
student outcomes” (p. 4). This includes making psycho-educational decisions, identifying
students needing special service, and developing IEPs (Fuchs & Fuchs, 1992). These
original purposes of CBM continue to motivate its use in many places, including within
SD57.

The CBM tools developed to measure student progress during each testing time
are called probes. Individual teachers can design CBM probes. It is possible to reference
CBM measures to individuals, peers, or the curriculum. This allows for the development

of local norms, whether peer, class, school or district norms; to facilitate decision making
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(Shinn et al., 1990). Graphing student responses facilitateé the CBM monitoring process.
Graphs assist teachers in determining if a student achieved adequate progress or if the
teacher’s instructional plan requires modification (Allinder & Eccarius, 1999). Classroom
and special education teachers use CBM measures to assist in determining the content a
child needs to learn and the child’s rate of learning (Howell et al., 1993). Curriculum-
Based Measurement methods allow decisions to focus on the student’s specific problem.
Judgements regarding the student’s problem can be made in a local context and can vary
as the contexts change (Fuchs & Fuchs, 1997). Another advantage of CBM measures is
their use in a problem-solving model to assist educators in making student performance
and programming decisions (Deno, 1989).
Limitations of Curriculum-Based Measurement. Deno (1985) recognized that
CBM has limitations. Developments in some instructional areas such as reading have
progressed more than in other curriculum areas, such as math. Creators of CBM measures
‘were able to agree on the “primary functional purpose of reading” (Deno, 1985, p. 230)
compared to the function of other curriculum areas. The “léck of agreement [among the
curriculum developers,] regarding the essential knowledge and skills to be reqﬁired of all
students” (Deno, 1985, p. 230) is hampering the development of CBM measures in other
subject areas. While it is possible for educators to develop ad hoc CBM measures, they
are limited in their use since their technical adequacy is unknown. Howell et al. (1993)
noted that even when reaching agreement about the specific skills to test, there are
limitations to the CBM tests due to their focus on basic skills. For example, in math, it is
not possible to infer that a student’s “skills in problem solving or mathematics

application” (Howell et al., p. 169) are related to their scores in math computation.
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Lombard (cited in Fuchs & Fuchs, 1997) rejected CBM dué to its focus on academic
behaviour while omitting intellectual assessment. Fuchs and Fuchs (1997) acknowledge
that CBM is a static disability model, that defines what a student cannot do, and “focuses
exclusively on the level of a student’s performance at one point in time” (p. 6). Although
it is possible to use CBM to determine when to modify instruction for a student, Frank
and Gerken (cited in Allinder, 2000) indicate CBM measures are unable to inform the
teacher about what instructional techniques to implement. These are not the only
concerns researcheré have raised regarding the use and implementation of CBM, which
educators must acknowledge when implementihg CBM techniques.

Kranzler, Miller, and Jordan (1999), investigated racial/ethnic and gender bias on
CBM reading as an indication of reading comprehension with African American and
Caucasian male and female regular education students across grades 2-5. A biased test
existed, according to Kranzler et al., if the regression lines of the groups significantly
differed at either the intercepts or the slopes. Because they determined “CBM reading is
not an unbiased test [as] the meaning of the scores on CBM differed across race/ethnicity
and gender at particular grade levels” Kranzler et al., raised concerns regarding the use of
CBM for screening, determining special education eligibility, and termination of services.
Therefore, CBM scores did not mean the same for each subgroup of the sample
population. According to Kranzler et al., the greatest concern regarding biased estimation
of CBM scores is for students near the cutting score, which determines eligibility for
special education and related services. However, Kranzler et al. did not determine why
the results of the study were not consistent across the grades. In fact, for Grades 2 and 3

no evidence of test bias was apparent. Kranzler et al. also did not attempt to acknowledge



that differences between subgroups found in the study might reflect real performance
differences between the groups. Nor do they indicate if the creators of the CBM reading
measures attempted to reduce sources of test bias. Instead, the assumption is that group
differences in average scores imply a test is biased. The inference is that one group is less
able than the other (Gipps & Murphy, 1994).

As found by Kranzler et al. (1999), if CBM determines that differences exist
between subgroups of a student population, then it is important to recognize these
differences and the implications they might have on student achievement. Knowing if
differences exist would be extremely beneficial to school districts. Knéwledge that
differences exist in subgroups could indicate that using the same CBM norming score for
each student in a grade may not be realistic. Therefore, comparison to students in another
subgroup may not provide an accurate representation of the student’s performance.

These concerns indicate the need to determine the existence of gender and relative-age
differences in the CBM math data.

Inter-rater reliability of Curriculum-Based Measurement. Given that
development of CBM measures enabled a large number of educators to administer and
mark the probes, one initial concern regarding CBM measures is marking reliability.
What adds to the usability of these measures is interscorer agreement (Marston & Deno
cited in Fuchs & Fuchs, 1992), which allows student comparison even when several
different people administer and score the probes. Inter-rater reliability (also referred to as
interscorer agreement or interjudge reliability) is the extent to which raters or markers
agree on the score or the reported data (Sax & Newton, 1997). Marston (1989) states that

reading measures have interscorer agreement coefficients of .99. In spelling, Marston
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reports interscorer reliability coefficients for words and coﬁect letter sequences of .99
and .91 respectively. A summary of math measures by Fuchs, Fuchs and Hamlett cited in
Marston, indicated the math interscorer agreement on a sample of 30% of the protocols is
.98. Interscorer agreement on CBM math measures, determined by Tindal, Marston et al.,
cited in Marston, produced a range of reliability scores from .90 to .99. Allinder’s (2000)
study combining teachers’ self-monitoring of instructional strategies with CBM in math
computation determined the interscorer agreement, calculated on 15% of the tests, was
99%. A study by Allindér and Eccarius (1999) researched CBM reading procedures for
deaf and hard of hearing students who used manually coded English. Interjudge
reliability between two judges for passage reading ranged from 40% to 100%, with a
mean of 78.69, standard deviation of 13.59 and a median of 81%. For the second aspect
of the study, Allinder and Eccarius computed the interjudge reliability in writing.
Allinder and Eccarius independently compared the student’s story retelling with idea
‘units. On 50% of the retells, the interjudge reliability mean was 78.76, the standard
deviation was 8.75, and the median was 100% with a range‘ of zero percent to 100%.
Another CBM study of written expression proficiency of middle school studenfs by Espin
et al. (2000) required two raters to mark 20 randomly selected protocols. The percentage
of agreement between the markers in the Espin et al.’s study “was calculated by dividing
agreements by agreements plus disagreements and multiplying by 100”. Interscorer
agreement of the writing samples ranged from 85.63% to 89.66% in Espin et al.’s study.
Most studies report high positive values for average inter-rater agreement or reliability.
Correlations of less than 1.00 indicated some rater disagreement existed. Reported

ranges of inter-rater scores add a further look at rater disagreement. An example is
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Allinder and Eccarius’ study, which reported a range of agreement between the markers
of zero to 100%, despite a mean was 78.76, and a high median value of 100% for story
retell with idea units. This study by Allinder and Eccarius provides evidence that ratef
disagreement can exist. What is unknown, at this time, is if the results reflected in these
studies reflect the results of the SD57 CBM math probes.

One study provides evidence regarding rater reliability of CBM reading and
writing measures by the markers of SD57. Hedekar and MacMillan (personal
communication, January 24, 2002) confirmed a high degree of Inter-rater reliability
between 10 randomly chosen markers. For Hedekar and MacMillan’s study the median
inter-rater reliability correlation for totai words written (TWW) and writing (WSC) was a
median of .99 with a range of .97 to 1.00, and for words read correctly the median was
1.00 with a range of .99 to 1.00. All identified literature, including the.SD57 research,
reports that inter-rater reliability for CBM measures is high when reported as a
correlation or the median of interscorer agreement. If a high degree of marking
consistency among markers of student CBM probes exists, as indicated by Hedekar and
MacMillan, then educators gain confidence that results among markers are consistent,
and therefore comparable.

What presently is unknown in SD57 is the degree of consistency among the
markers of the CBM math norming probes. Despite present use of the CBM math probes
and norming data, to date no data collection has determined the level of inter-rater
reliability in CBM math for SD57. Until this happens, the usability and comparability of

the CBM math measures administered by the different markers in SD57 is suspect.
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Curriculum-Based Measurement Research in School Distfict No. 57

In 1997, the first CBM research project took place in SD57 independent of the
norming technical report (School District No. 57, 1996). Hedekar (1997) undertook a
study using the CBM reading and written expression data collected for the development
of the first SD57 CBM norming project. This study focussed on gender and relative-age
differences in reading, and writing fluency. Writing fluency--also referred to as written
expression--was measured by the number of total words written (TWW) and the nﬁmber
of words spelled correctly (WSC). According to Hedekar, “a consistent gender effect
was found at all grade levels. Male students’ mean score in reading, wfiting and spelling
was lower than female students’ mean score at every grade level” (p. ii). Hedekar did not
find a relative-age effect for reading and writing fluency at any grade.

Further analysis of Hedekar’s (1997) results is presently underway. Personal
communication with Hedekar and MacMillan (January 17, 2001).indicate's they are
currently repeating the analysis of the first CBM reading and writing study using a
doubly-multivariate design. Initial indications are that the results are similar to those
obtained by Hedekar in the original analysis.

After identifying the need for a standardized, norm-referenced assessment tool in
mathematics at the elementary level, the second major SD57 CBM research proj ect took
place during the 1999-2000 school year. This study followed procedures established in
developing the initial reading and writing norms. Once again, 20% of the elementary
students from Grades 1 to 7 participated in the study. As in the first CBM norming
pfoj ect, collection of data took place during the three norming periods of October,

January and April for Grades 2 to 7. Grade 1 students only participated during the April
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norming period. Walraven and MacMillan (2000) presentéd the results of this CBM math
norming project in the Draft Technical Report of the CBM (Math) Norming Project (see
Appendix B). Educators received the CBM Math Draft Norms Tables at an inservice held
in September 2000 (School District No. 57). Although this study developed norms for the
CBM math data collected, Walraven and MacMillan did not determine if gender, relative-
age, performance group, of grade retention differences existed in the data. Because
Hedekar (1997) found evidence of gender differences, but not relative-age differences for
the CBM reading and-written expression data, the present study of gender and relative-
age in the CBM math data is neéessary. In addition, Walraven and MacMillan did not
investigate the inter-rater reliability of the markers of the CBM math. On September 18,
2000, Walraven commented to this researcher that some of the trained markers appeared
more severe than others were on certain marking criteria including alignment of digits.
Walraven’s information, along with the questions and concerns raised by some teachers
attending the inservice, confirm the necessity of investigating the reliability of the CBM
math markers.

In 2000, a validation study of the original CBM reading and written expression
study in SD57 took place. Fewster (2000) wanted to “examine the validity of CBM
scores for predicting later junior secondary school achievement, [and] to verify its
adequacy as a standardized indicator of student performance” (p. 4). Using the CBM
reading and written expression scores from the initial CBM project, Fewster compared
the CBM scores for 678 Grade 6 and 7 students to their year-end marks in English and
Social Studies for Grade 8, 9, and 10. She concluded CBM scores are useful “as

indicators of student performance in the basic skills of reading and written expression”
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(p. 80) and provide “information when making decisions about students based on their
academic performance” (p. 81). Fewster’s study determined it is possible to use CBM
scores to differentiate between student performance groups. CBM can identify studenfs
requiring remedial support. In addition, CBM reliably separates students entering honours
programs from those entering regular classes and separates students in regular classes
from those requiring Special Education and Learning Assistant services. When allocating
further resources for students when using CBM as a screening measure this ability to
differentiate between performance groups at both ends of the spectrum provides
confidence for SD57 personnel. While Fewster determined that CBM reading and written
expression measures have predictive vaiidity, it is important to know prior to using it for
future predictive research or comparison of results from different measures if subgroup
differences exist within the CBM math data.

The research in CBM demonstrates its feasibility as an alternative to standardized
testing. CBM has proven to be a reliable tool that can establish differences between
groups of students in reading and writing fluency. Research in SD57 demonstrated CBM
reading and writing fluency measures are good predictors of future marks in Humanities
subjects. Whether CBM math can ascertain differences between groups of students as
did the CBM reading and writing is unknown. Successful completion of this present
study provided confidence reéarding the reliability of the CBM math measures.

This present research project stems from the CBM math norming project
conducted in SD57 during the 1999-2000 school year. Data for the CBM math norming
project were already collected and available for this researcher to analyze. The purpose

of my research was to investigate if gender, relative-age, performance group and grade



retention differences can be determined within the CBM rﬁath norming data. Through
this study, further investigations into gender and relative-age differences using CBM
measures are possible. My study will provide educators with the opportunity to examine -
these differences in the area of CBM math and enable them to be compared to the results
from Hedekar’s and MacMillan’s (personal communication, January 30, 2002) study of

CBM reading and written expression.

Research in Mathematics Achievement

There are three main topics are of interest within the area of math achievement.
The first topic of interest is gender differences in math. The second topic is relative-age
and grade retention is the third subject of interest.

Gender Differences in Math

The first issue woﬁh consideration is the purported math gender gap betweén
males and females. Historically, boys have perforrhed better than have girls in the areas
of math and science. Beal (1999), summarized that differences in math-fact retrieval
between males and females in mathematics performance lead to males outperforming
females in testing situations.

Sadker (1999), indicated that the gap between boys and girls in math has been
declining. Cole, (1997) examined data for Grades 4 to 12 derived from several national
studies in the United States and from a few intemational studies. From her research, Cole
found that the math gender gap favouring males is significantly smaller than 30 years
ago. Cole’s study measured gender differences using the standard mean difference (D).

Calculation of the D is the same as Cohen’s d (Cohen, 1992). The Grade 4 standard mean
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difference was trivial in magnitude with a value of less than 0.1 in favour of girls. By
Grade 8 the boys were favoured also by less than 0.1 (Cole, p.15). Sadker and Cole both
agree that the gender gap in math is decreasing. The question arises as to whether the
purported decreasing math gender gap during recent years reflects results found by other
researchers.

Cole (1997) howevér, also discovered that while gender differences in math
concepts at Grade 4 are small, males increase their advantage significantly from Grades 8
to 12. Recently completed research by Leahey and Guo (2001) used two large
representative longitudinal math»surveys. Leahey and Guo also concluded that males and
females begin with equal starting points in elementary school but boys demonstrate a
“faster rate of acceleration.” This results in a é‘slight, late-emerging male advantage in the
general population” (Leahey & Guo), which went unchallenged when limited to high-
scoring students. It is possible this trend of an increasing male advantage in math until
Grade 12 is reflected by students throughout elementary school.

The American Association of University Women Educational Foundation,
AAUW, (1992) investigated the educational experience of girls in the United States.
According to the AAUW, girls are not receiving the same educational experience as
boys. However, existing gender differences in math favouring boys, measured by recent
meta-analyses, are very small and on the decline. These results showed that at age nine
no evidence of gender differences existed; by age thirteen minimal differences existed
and by age seventeen larger differences existed which favoured males. According to the
AAUW the age of the sample, the éognitive level of the test and the academic selectivity

of the test influence the existence of gender differences. These results indicate that gender
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differences are nonexistent in younger grades but increase. as students move through
higher grades.

A reanalysis of data from an international study conducted in 1991 confirms that
gender differences in math are not limited to one location (Beller & Gafni, 1996). The
data from the International Assessment of Educational Progress (IAEP) included
representative samples of approximately 3,300 students from each of seven countries,
including the United States but not including Canada. The mean total score between nine-
year-old boys and girlé were not sighiﬁcant. However, nine-year-old boys were
significantly different from girls in the measurement subdomain. In contrast, all results
for thirteen-year-olds were significantly differeﬂt and favoured boys, with the exception
of the algebra subdomain. With one exception, the effect size results for all subdomains
and score totals were trivial but consistently in favour of boys. Calculation of effect sizes
used the mean performance for boys minus the mean for girls, divided by the standard
deviation, computed across the two groups. Total score effect sizes were 0.04 and 0.12
for nine and thirteen-year-olds respectively (p. 369). According to effect size definitions .
by Cohen (1992), these effect sizes are trivial. A further study of thirteen-year-olds by
Beller and Gafni (2000) also used IAEP data for 1991 and 1988 found effect sizes of 0.11
and 0.03 respectively in favour of boys. Again, the effect sizes were trivial. Although
these studies verify the existence of gender differences that favour boys, the results are
not consistent across ages and in effect size. |

Earlier Canadian research in Manitoba by Morrow and Goertzen (1986)
determined that when gender achievement differences existed they were “usually small

and favour[ed] males” (p. 5). These Canadian results are not the only ones indicating
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gender results in Canadian schools do exist in some circumstances. Over a decade later
in June 1997, the International Association for the Evaluation of Educational
Achievement (IEA) reported on Mathematics Achievement in the Primary School Years
in the Third International Mathematics and Science Study (TIMSS). Statistically
significant gender differences at p < .05 in the TIMSS study at the third grade found boys
scored higher than did the girls in the content areas of measurement, whole numbers, and
mathematics overall (Mullis, Martin, Beaton, et al., 1997). Trend comparison of gender
differences from the 1995 test to the 1999 test in the IEA TIMSS 1999 study for the
eighth grade found no significant changes. In Canada, where gender differences in math
exist, they usually favour boys.

Gender research indicates the differences appear to favour boys. The evidence
confirms there are reasons to be concerned about the existence of gender differences.
However, research has nét found the differences to be consistent across all grades or
ages.

Gender differences favouring girls. While the majority of research results on
gender differences favoured boys over girls, the results from Hay, Ashman and van
Kraayenoord (1998) contradicted other studies. In an Australian study of 390 Grade 6
elementary students from 18 schools, they found that girls outperformed boys in
mathematics, reading, and spelling. A new question to ask is if girls are outperforming
boys in math. The IEA TIMSS November 1996 report for the Middle School Years
established that in Grade 8 the gender differences favoured the girls (Beaton et al., 1996).
These results change the concerns from boys outperforming girls in math, to girls

outperforming boys.
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No evidence of gender differences. Gender differénces are not apparent in all
math studies undertaken. The IEA TIMSS 1997 study demonstrated in the fourth grade
that statistically significant gender differences in math did not exist (Mullis, Martin,
Beaton, et al., 1997). According to the IEA TIMSS November, 1996 report for the
Middle School Years gender differences were not significant for seventh and eighth
grades (Beaton et al., 1996). The TIMSS 1999 International Mathematics Report on the
eighth grade indicates a lack of significant gender differences in specific math content
areas (Mullis, Marfin, Gonzalez, et al., 1999). According to these studies, gender
differences in math achievement do not exist in all situations.

In an attempt to refute the AAUW report, Kleinfeld (1998a) reviewed information
on several measures to demonstrate that schools are not shortchanging girls. Her results
showed that the standard mean difference for Grade 12 students using national samples of
students, for math computation and math concepts are .18 and -.11 respectively. In math
computation, girls were favoured but in math concepts, boys were favoured. According
to Kleinfeld neither difference is large enough to be considered a small effect and
therefore negligible gender differences are evident in the general population.

A study by Willingham and Cole (1997) used tests administered to national
samples of Grade 12 students and determined no gender differences exist in several
subject areas. The average standard mean difference of 14 math tests was -0.11 in favour
of boys (p. 59). In fact, all but two math tests show a small or negligible standard mean
.difference in favour of boys. The other two math tests demonstrate a trivial standard
méan difference that favours girls. Willingham and Cole acknowledge most of the

differences did not reach the “small” level as determined by Cohen (cited in Willingham
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& Cole). The average math standard mean difference canﬁot even be considered “small.”
Therefore, gender differences in math achievement were trivial.

Hall et al. (1999) tried to demonstrate gender and racial differences in Grade 5
and 8 students. Their sample had 74 participants, of which 36 were girls. The researchers
accessed the student’s California Achievement Test (CAT) scores. Scores from the math
calculation and math concepts sections of the CAT were the dependent variables. Gender
and race were the independent variables. The data was analyzed using a MANOVA.
While the sample size appears small for this analysis, Mardia (cited in Tabachnick &
Fidell, 2001, p. 329) assures robustness with 20 cases in the smallest cell. From the
analysis, Hall et al. discovered “significant différences for race but not for gender” (p. 5).
However, they do acknowledge significant differences may not oceur until students reach
higher grades. Although Hall et al. did not find evidence of gender differences in math,
they did not reach the conclusion that differences no longer exists in high school.

Ma (1999) investigated gender differences in achievement at the end of Grade 7
and rate of growth from Grades 7 to 11. The study analyzed a stratified American
national sample with 3,116 students from 52 schools using a three-level hierarchical
linear model (HLM). Ma’s results showed “there were no significant gender differences
in either the grade 7 status or the rate of growth” (p. 457). The lack of significant
difference in growth from Grade 7 to 11 contradicts results that found boys had an-
advantage over girls in their rate of growth in math skills (Leahey and Guo, 2001).

Present research into gender differences iﬁ math shows a strong possibility that no
sizable differences exist. Although the differences are small, there remains a lack of

agreement among researchers regarding their existence. This lack of agreement for the



33

general population remains an ongoing issue. It is necessary to investigate this issue in
order to address any differences that arise from the data. Therefore, due to the debate
regarding gender differences, it is impossible to generalize the findings. Analysis of the
CBM math data is necessary to determine if elementary school gender differences in
math computation exist or are of a magnitude that causes educators concern.
Gender Differences in the High Performance Group
If the gender gap in math achievement is decreasing, why then is there cause to be
concerned? Kleinfeld ( 1.998b) answers that there is “greater male variability” (p. 49) than
female variability in the population. Willingham and Cole (1997), and Cole (1997)
analysed national test batteries from Grades 4 to 12 and confirmed that a pattern exists
showing gradually increasing greater male variability than female variability. Research
on math-fact retrieval by Royer, Tronsky, Chan, Jackson and Marchant (1999) verified
the existence of more male variability than female variability. More male variability
| should be evident in a greater range of scores for males than females. It is possible that
the existence of greater male variability in learning is a resﬁlt of a distribution that is
bimodal, trimodal, or heavily skewed rather than a normal distribution. Kleinféld
demonstrated the existence of gender differences in learning disabilities, with information
showing the number of males to females with learning disabilities is three to four times
higher. Thus, boys arrive at the bottom of the ability group. Conversely, “even if the
difference is small in the population as a whole, far more males will show up in the
visible category of top performers” (Kleinfeld, 1998b, p. 62). Kleinfeld (1998a) used the
top 10% of the students to define the top performers and found males outperform females

in math. Research by Willingham and Cole (1997) found a standard mean difference of
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- 0.15 favoured boys for students taking Advanced Placeﬁent Tests. While the
information from these studies is based on American research, it would be valuable to
determine if these issues exist in other locations including Canada.

Willingham and Cole (1997) noted another issue exists for students who score in
the top end of math achievement. They noticed gender differences favouring males is
increasingly apparent when students write advanced tests in math. Within the top 10% of
the Grade 12 studenfs, Willingham and Cole, found a female to male ratio of .7. Even at
Grade 4, Willingharﬁ and Cole found there were more males than females among the top
10% of the students. Royer et al. (1999) concluded that on math achievement boys
perform better than do girls. In fact, Royer et al. also found fast males perform faster that
fast females. Research by Beller and Gafni (2000) suggests “boys do relatively better
than girls as items increase in difficulty” and boys answer more of the difficult questions
than girls do.

A study from fhe U.S. by Fan (1995) used a national sample from a longitudinal
database, which tracked approximately 25,000 students in eighth grade. Item Response
Theory (IRT) was used to equate the difficulty level of the multiple test forms
administered. Fan demonstrated that gender differenbes in math do not appear to exist
| when comparisons take place using measures of central tendency and any effect sizes in
most cases wou‘ld be small. However, when comparisons focus on high achievemeht, a
meaningful gender difference is evident. Gender differences in the high performance
ranges increase as students proceed from Grade 8 to 12, and as the comparison progresses
to the highest proficiency level. In Grade 8, in the first quartile, 51.14% are males;

_hoWever, in Grade 12 at the 95th percentile male students outnumber female students by
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a ratio of 2:1. It is presently unknown how these results géneralize to other measures of -
math achievement.

Hedges and Nowell (1995) analyzed six American national samples and
investigated the issues of gender as they related to variability in scores, ratios of high
achieving students and mean differences. Their findings confirmed that in math “the
variance of male scores is larger than that of female sco;es” (p. 44). The variance in male
and female scores had changed very little over time. The study also showed that méles
performed better than females in math. Using the data from the National Educational
Longitudinal Study of the Eighth Grade Class of 1988, the standard méan difference for
mathematics was 0.03 in favour of boys. A nonsignificant difference in variance (1.06)
also favoured boys. Difference in variance was calculated as “ratios of male score
variance to female score variance” (p. 43). The ratio of the number of males to the
number of females for students in the top five percent of the national distﬁbution was
1.64 with a standard error of 0.18 for the same mathematical data, in favour of boys. As
Hedges and Nowell conclude, small differences in means combined with variation
differences can influence the number of students excelling in careers requiring these
skills. Thus, it is important to determine whether these results are a realistic reflection of
all math achievement.

In contrast to other researchers of high performing students, Mullis, Martin, .
Fierros, Goldberg, and Stemler (2000) found no statistically significant difference at the
.05 level in gender in the top 25% of Canadian Grade 8 students who participated in the
third TIMSS study. This also held true for the number of males compared to females

who were in the top 25% of the Canadian Grade 4 students in the Third TIMSS study.
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Results from the TIMSS study indicated gender differencés are not always evident
amongst the high performing students.

If differences do exist between the boys and girls at the top performance groups,
then it is important to determine and acknowledge these differences. However, the
research regarding differences amongst the high performing students is not consistent.
While most researchers investigating gender differences for high achievers agree
differences exist, controversy surrounds this question. Action to counteract negative
impacts on high perfomﬁng students’ math achievement differences cannot be
undertaken without first establishing it exists in all math achievement. As Fan (1995)
concluded, educators must understand the students who score in the high ranges of math
achievement will “likely become our future scientists, engineers, chemists, [and]
physicists” (p. 16). Therefore, educators cannot afford to be complacent because an
apparent lack of gender differences exists. It is imperative to confirm potential gender

differences between high achieving students in math before educators can address any
differences that may exist.

The concerns raised by Kleinfeld (1998b), Willingham and Cole (1997), Cole
(1997), Fan (1995) and Hedges and Nowell (1995) regarding gender differences and
ability are not limited to the U.S.A. In the Executive Summary of the TIMSS 1999 study,
gender differences among high-performing students is described as significant even
though the actual difference may be small (Mullis, Martin, Gonzalez, et al., 1999).
Gender differences within different ability groups are a concern. Therefore, it is

necessary to establish their consistent existence in math achievement.
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Relative-age Differences

Parents and educators often question if younger students will experience the same
academic success achieved by older students in the same grade. Relative-age refers td the
month of birth within a specific calendar year in relation to school enrolment. Three
categories or groups pertain to relative-age in this present study. Recall that the youngest
group consists of students born from October to December. The oldest group
encompasses students born from January to March, and the average group includes
students from the months of April to September. Relative-age is a concern if younger
students, born during the last few months of a calendar year, do not perform as well as
their older peers who were born earlier during the same year. Relative-age considerations
are important if the older students are more successful academically. However, not all
studies calculate relative-age in the same manner (Boyd, 1989; Olson, ‘1 989; Rabinowitz,
1989; Warder, 1999).

Research into relative-age differences suggests that relative-age influences
achievement. Warder (1999) examined literacy skills in Kindergarten, first and second
grade students from a total of six classes. The students were divided into three relative-
age groups each defined by a third of the year. She found achievement decreased with
younger students when comparing the percentage of students achieving specific literacy
skills at grade level. Warder did not use a statistical analysis to determine if the
differences she observed were significant. Therefore, it is impossible to determine if her
results reflected a real difference in her sample, which can be inferred to other students.

Rabinowitz (1989) determined entry age (relative-age)-was a significant factor on

the scores of 83 Grade 1 to 6 students. Students in the early entry group had their sixth
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birthday after August first the year they started first grade; Middle entry students turned
six between January first and August first the year they began first grade. The /ate entry
group included students who turned seven before December 31 the year they started first
grade. Using scores obtained on the lowa Mathematics Achievement Test, Rabinowitz
found relative-age impacted math achievement. An ANOVA determined a significant
difference at p <0.1. Rabinowitz set this significant level as a cautious approach for first
grade placement decisions. The actual value of p was .07. Typically, a p value is sét at
.05, or even .01 for a cautious approach to reduce Type I error. Therefore, the results of
this study do not demonstrate a significant difference between relativé-age and math
achievement as Rabinowitz suggests.

Olson (1989) determined if relative-age has an effect on elementary school
performance. His study followed 6,246 students for six years. Each year the lowa Tests
of Basic Skills were administered. Four relative-age groups wér_e identified. Each group
encompassed students born within the three months defining the group. A MANOVA
showed a significant difference for reading and math at p <.01 for both subjects. Further
analysis did not find differential rates of achievement growth in either subject at p > .1.
Olson found a consistent performance differential in mathematics maintained by younger
students of approximately three tenths of a year behind older student, throughout their
elementary school career. Thus, according to Olson, relative-age is a concern. While
these studies allude to potential relative-age differences, further investigation is required
before concluding they consistently exist.

In another study Narahara (1998b) reviewed research regarding school entrance

age and academic advantage for older children over younger ones in the same grade and
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found that “the research findings often contradict[ed] each other” (p. 15). Only one study
by Cameron and Wilson (cited by Narahara) used math scores as well as reading scores
to calculate relative-age differences. Other research reviewed used reading not math. The
studies examined showed an advantage for early grades that in later years was
nonexistent. Smith and Shepard (cited in Meisels, 1992) found similar results. Because
the studies defined relativé-age in a variety of ways it is impossible to conclude if
relative-age differences consistently affect the achievement of all students.

Bisanz, Morrison, and Dunn (1995) investigated the effects of age and schooling
on conservation of number and fnental addition. A cutoff design analyzed three groups of
Kindergarten and Grade 1 students whose birthdays were two months before or after the
March school entry cutoff. Altogether 56 students participated. Data analysis used a 3 x 2
x 2 ANOVA with repeated measures. A significant difference between the groups was
found at p = .012 for conservation of number. Mental arithmetic was significantly
impacted by length of school experience at p = .001. Conservation of number increased
with age but accuracy of mental arithmetic improvgd with an increase in schooling.
Although relative-age influences some math skills, it is not responsible for all math
achievement.

Gullo and Burton (1992) studied age of entry and sex as factors in academic
readiness for kindergarten. In contrast to other studies, Gullo and Burton found age of
entry was one of the three factors contributing to “prediction of academic readiness at the
end of kindergarten™ (p. 183). Sex as a variable did not significantly account for
academic readiness in this study. The 4,539 students took the Metropolitan Readiness

Test, Level II, Form P (1974) in May of their five-year-old Kindergarten year. First, a
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hierarchical regression analysis explored the effects of children’s age, length of preschool
experience, and gender on academic readiness. Administration of the Cooperative Play
Inventory-Revised (CPI-R) assessment and screening instrument controlled for studeﬂts
“at-risk.” An ANCOVA using the CPI-R score as a covariate found main effects for age
at p <.001 and length of preschool experience at p <.001. The results also found a
significant interaction for age and preschool experience at p <.001. From this study, it is
apparent that school entry age is a contributing factor to academic success.

Relative-age differences in the high performance group. Relative-age could be
one factor impacting the achievement of students in the high performance group.
Sweeney (1995) undertook to determine the age children should begin attending school in
this group. High ability was determined as achieving 129 or better on the Cognitive
Abilities Test. The 275 students from Grades 2 to 8 were divided into three sections by
birthdate. Students in the second trisection were excluded to provide more contrast
between the first and last trisection groups. Results of the three-way ANOVA produced a
significant main effect (p < .05) for age position as well as grade and gender. Further
investigation will determine whether this significant difference for relative-agé is critical
to the academic achievement of other high ability students. If relative-age plays a vital
role in the academic achievement of high ability or performing students, it is imperative
to determine if differences do- exist. Sweeney’s research raised concerns that even if
relative-age differences are not apparent using central tendency measures in the general
population the differences might still exist within the top five percent of the population.
It is therefore necessary to investigate possible significant relaﬁve—age differences in the

math achievement of high performers, as generalization of Sweeney’s results is no yet
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determined. Further research is necessary to determine thé impact of relative-age
differences on high performance students.

Relative-age differences and science. Educators and parents are often anxious
about the effect relative-age has on the success of young students in language arts.and
math. Expanding relative-age research to other subjects, grades, and ages could expand
the concerns regarding the impact of relative-age on achievement. Bell and Daniels
(1990) investigated the relative-age or birthdate effect on science achievement of eleven,
thirteen and ﬁfteen-year-old_students. This British study used science data collected for
four years with 12,000 to 15,000 students per year to determine if “the birthdate effect
[relative-age] persists beyond the primary years.” Relative-age of each student was
calculated in days. Bell and Daniels concluded there is a birthdate effect, which
influences the academic performance of a student who is one of the youngest in a grade.
If science and math are linked, then these relative-age differences may generalize to math
research as well as science. Hence, if students’ aré to achieve success in all academic
subjects and grades relative-age differences are an important consideration to investigate.

Relative-age differences-and sports. While controversy surrounds the impact of
relative-age and academic achievement, research has also investigated the effect of
relative-age on sports achievement. Whether linked to academic achievement or not,
relative-age does influence sports achievement. Glamser and Marciani (1992) discovered
relative-age plays an important role in major college football participation. Boucher and
Mutimer (1994) concluded that professional hockey players’ benefit from a relative-age
advantage. A study by Barnsley, Thompson and Barnsley (cited by Barnsley, 1988)

concurred with Boucher and Mutimer’s findings that older players have the relative-age
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advantage. When debating the influence of relative-age oﬁ academic achievement one
must not overlook its impact on achievement in sports up to adulthood. If relative-age can
play an important role in one aspect of a students’ development, educators and parents
cannot be complacent that its influence is limited to a specific aspect of development.

No evidence of relative-age differences. Other research concluded that the
relative-age of a student doés not influence academic achievement. Gredler (1992)
reviewed literature regarding the influence of entrance age on student achievement.
Several of the studies investigated math achievement as well as other achievement. From
these studies, he concluded that younger-aged children at the end of Grade 1 and 2
obtained lower placement scores than other children, but the scores they obtained
exceeded the placement score expected for that grade. He also noted younger children
had a failure rate similar to other children. In fact, one study by Carrington (cited in
Gredler) found younger-aéed students achieved academically as well as older-aged
students. According to Gredler, entrance age is not a factor impacting school
achievement.

A study by Narahara (1998a), looked at the effects of school entry age and
gender on both reading and math achievement in Grade 2. Her American study contained
24 Grade 2 students divided into three age groups, with each group comprising an equal
third portion of the twelve-month age range. Using a standardized achievement test (the
TerraNova) Narahara sought to determine if there was a correlation between performance
in math and reading and the age at which a child enters kindergarten. She also looked for
gender differences in reading and math performance of second grade students, but did not

report if the differences were significant. From her study, Narahara found “there is a low
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or negligible [nonsignificant] correlation [of .28] between kindergarten entry age and
academic achievement” (p. 7). A significant correlation requires a value of .42 or greater.
While Narahara provided evidence to support the hypothesis that relative-age did not
influence academic achievement in math her study uses a very small sample. Therefore,
the results might be an artifact of small sample size. However, according to Narahara,
relative-age is not a concern.

Bickel, Zigmond and Strayhorn (1991) established that relative-age had a
significant impact on math achievement when students entered first grade in a U.S.
school district. Entrance age was considered a continuous variable for the 222
participants in the study. Bickel et al. investigatéd four outcome variables, two of which
included math achievement. The major analysis included a covariate statistically
controlled by partialling and computed partial correlations of the outcome variables with
entrance age. Although Bickel et al. noted relative-age had an impact in first grade, four
years later in Grade 5 there was no relative-age effect.

Boyd (1989) determined if differences existed in reading and math achievement
between younger and older students in Grades 1 to 5. Two relative-age groups were
created in Boyd’s study: Younger students entered Kindergarten at age five to 5.5,
whereas older students were 5.6 years and older. Reading and math CAT scores were
used for Grades 1 to 3. For Grades 4 and 5 reading and math scores from the Stanford
Achievement test were provided. A repeated measure design determined no significant
differences at the .05 level existed between yoméer and older students in any grade, in
reading or math achievement scores. A MANOVA was used to investigate relative-age

differences in achievement at the .05 level with other variables separate and in
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combination including race, gender, and family. income. Boyd did not find significant
difference between younger and older students at any grade level for reading and math
achievement. As a result, Boyd did not find evidence to suggest that relative-age
influences math achievement.

Two studies using data from SD57 also investigated the effect of relative-age on
students reading progress in Grades 2 to 7. Using a Many-Faceted Rasch model
MacMillan (2000) compared the growth of reading fluency scores simultaneously with
relative-age, gender, and reading probe difficulty. The Many-Faceted Rasch method of
measurement provides a researcher with a method of obtaining objective, fundamental
measures from several random variables of ordered category responses and then
evaluates on a logit scale the responses of a set of persons to a set of items (Linacre & |
Wright, 1996). MacMillan concluded there was “a lack of effect due to relative-agg” (p.
406) since the grouping order of oldest, average and youngest students did not remain
consistent across the grades. If relative-age impactéd achievement, then the same
relative-age group order would consistently be achieved from grade to grade. In
MacMillan’s analysis, this was not the case. In addition, the differences of mean ages of
nine months (oldest-youngest) differences were not represented by an equivalent
difference in reading fluency. Instead, only differences of the equivalent unit of one to
two months reading fluency were apparent. Hedekar (1997) originally investigated
relative-age differences using 3 x 2 (birth group by gender) between groups ANOVA.
Her results determined that there was no advantage to relative-age on CBM reading

scores. These studies indicate relative age does not affect achievement.
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The relative-age research indicates that an ongoing debate persists regarding the
impact of relative-age on academic achievement. No conclusive evidence exists to bring
the relative-age debate to fruition. Even if differences do not exist within the general
population a new concern that requires further research has emerged regarding the
existence of relative-age differences within the high performing students. While
disagreement exists between researchers regarding the effect of relative-age, there is no
researched understanding regarding the effect of relative-age on the academic success of
students using CBM math data. Therefore, it is vital to determine if relative-age is
contributing to the academic success of studen;[s as measured by the CBM math.

Gender and Relative-Age Differences Using Curriculum-Based Measurement Math

It is difficult to know what results to expect regarding the outcome of math
achievement when analyzing CBM math data by means of a conventional analysis.
However, it was possible to obtain a glimpse at what the results might be. MacMillan
(2001) performed a Many-Faceted Rasch measurement analysis of the CBM math data
from 1477 Grades 2 to 7 students in SD57. MacMillan concluded that no significant
gender differences existed from one grade to another. 'He also found significant relative-
age differences existed for only two of the grades and therefore consistent differences
~ were not evident. Another argument suggesting a lack of relative-age differences was the
2.1 month difference within a six month age span (p. 20). Despite the controversy
surrounding gendef and relative-age differences, MacMillan’s study suggests no evidence
of gender or relative-age differences exists in the CBM math data. However, personal
communication with MacMillan (January 13, 2002) revealed that with further analysis a

gender difference might exist. Therefore, until completion of further analysis on the
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CBM math data uses conventional analyses, cénﬁrmation of MacMillan’s results are not
possible. What MacMillan’s study does not answer is whether there are gender
differences in the high performing students in the CBM math data. Even with
MacMillan’s results, this research on gender and relative-age differences remains vital to
reach an understanding regarding the CBM math results.

Grade Retention

Parents and educators often consider grade retention as a means to helping a
student catch-up with their academic skills or to improve their marks. Retaining students
in a grade appears to be a strategy considered for at-risk students who may have difficulty
achieving passing marks.

As a technique to increase school performance by providing students with more
time to develop skills, grade retention has received negative publicity. After reviewing
articles on grade retention, Foster (1993) determined students did not benefit
academically from grade retention. Owings and Magliaro (1998) concluded that grade
retention has a history of failure and harms learners. Meisels (1992) also found “that
[retention] produce[s] more negative effects than positive outcomes” (p. 171). In fact,
Reynolds (cited in Owings & Magliaro) suggested that grade retention may be decreasing
achievement, particularly in reading. This is confirmed by Meisels (1992) analysis of the
National Educational Longitudinal Study (NELS), 1988. The NELS study also found
students who had not been retained not only performed better on reading but also on math
and science (Meisels, 1992). Students who were ‘not retained demonstrated higher test
scores and grades (Meisels & Liaw, 1993). Crosser (1991) compared the academic

achievement of a group of students who entered school at age five with a matched group



47

that entered at age six. Crosser concluded that six years after the students started school at
age six they did not differ in their achievement significantly from those who started at
age five.

Shepard and Smith (1987) completed a study on Grade 1 students to assess the
impact of Kindergarten retention on 40 students who had been retained. The researchers
matched the retained group with a control group of 40 students who had not been
retained. After analyzing both groups of students on several outcome measures, no
differences were evidenti between the two groups of students, with the exception of
results from a reading test. In math, the scores of both groups matched. This research
refuted the belief that at-risk students benefit academically from an extra year in school.

All the studies on grade retention agree that retained students are not more
successful academically than their age appropriate peers.‘The focus of all these analyses,
however, centred on American research and did not indicate how grade retention in
‘Canadian schools affects learners. If students are to successfully achieve academically,

discerning the impact of retention on learners is important for educators and parents.

Significance of the Proposed Study
It is important that this study be undertaken to establish the reliability of the SD57
markers who undertook the marking of the CBM math data. Much of the research
indicates good marking reliability for CBM measures. However, Allinder and Eccarius
(1999) reported a large range in their marker agreement, even when obtaining a high
mean and median. If the CBM math data for SD57 has a large range of scores obtained

by different markers, then it can be argued that not all markers reached agreement. Even



48

a high correlation as reported by Hedekar (1997) indicated some variation in the marking.
It is not known if agreement exists between the markers of the CBM math data and the
causes of any disagreement. As the CBM math norming data is currently in use by SD57
it is vital to answer the question about how reliable the markers were. Until inter-rater
reliability is determined, the CBM math norming data remains suspect.

This study could determine if gender differences remain an issue of concern.
Proven existence of 'gender differences in reading by Hedekar (1997), and MacMillan
(2000) suggested that it may be continuing in SD57. The CBM math research performed
by MacMillan (2001) using a Many-Faceted Rasch analysis provided conflicting results
regarding the existence of gender differences. However, this research is unconfirmed by
conventional analyses. What is undetermined, at present, is whether gender differences
were evident in SD57 using the CBM math norming data collected in the 1999-2000
school year. This study can provide evidence, which will confirm or refute the existence
‘of gender differences in math. The need to undertake this study is confirmed by the
inconclusive evidence of other researchers regarding gender differences in the field of
math. Implementation Qf this research will answer the question regarding the existence of
gender differences in math for SD57. It is unknown if gender differences are specific to
the topics of reading and written expression as investigated by Hedekar (1997) and
MacMillan (2000). The results of the Many-Faceted Rasch analyses by MacMillan
(2001) remain unconfirmed. Therefore, the question of interest is to determine if, within
elementary schools in SD57, do gender differences exist in math. If no apparent gender
differences in the CBM math exist it is nécessary to determine what has changed since

Hedekar’s study in 1997. It will also be imperative to establish why gender differences
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are apparent in CBM reading and writing ﬂuenéy but not in CBM math. Determining the
direction and magnitude of gender differences and how they compare to Hedekar and
MacMillan’s reanalyses of Hedekar’s study will add to our researched understanding
regarding their existence. Whatever the outcome, several questions require further
investigation.

The research on relative-age has conflicting findings. This study is important to
determine if relative-age influences student achievement in math. According to Hedékar
(1997) and MacMillan (2000), relative-age was not an issue effecting the academic
achievement of students. Boyd (1989) found similar relative-age resulté. However, Gullo
and Burton (1992) state relative-age does play a role in determining academic success.
Relative-age research into other subject areas supported the influence of relative-age on
academic achievement. Bell and Daniels (1990) conclusions regarding relative-age
differences in science provided reason to consider further investigation. MacMillan’s
(2001) results using Many-Faceted Rasch measurement suggested a lack of relative-age
differences in the CBM math data. However, without corroboration of these results,
further research is warranted. These inconsistent results indicated there is a need to
determine the answer regarding relative-age differences using CBM math. Therefore, it is
beneficial for educators, including teachers in SD57, to know if relative-age is wqrth
consideration when academic performance is a concern.

This study contributes to the development of information regarding student
performance in SD57. Analyses of the second major CBM norming project in regards to
elémentary students could highIight new research questions. New questions could include

investigation of student achievement in specific sub-groups of the student population.
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CHAPTER THREE: DESIGN AND METHODS

Four separate studies comprise this research. The pre-study examined the inter-
rater reliability of the CBM math norming data collected by SD57. Investigation of
gender and relative-age differences, effect sizes and effect size comparisons took place in
the main study. Finally, two additional studies determined if performance group and
grade retention differences existed. This chapter looks at the designs and methods
employed to carry out the four studies undertaken in this research.

Within this chaptér, investigation of five topics takes place. The first section
discusses the subjects of this study. Examination of the instrumentation required for this
research is next. The third topic looks at the procedures followed for this study. Then

data analysis is explored. Finally, the discussion explores the ethics of this research.

Subjects

fnter-Rater Reliability

The term inter-rater used for this study is a term used in the literature for a
correlation comparison. In this study, the term marker refers to the participants ‘of the
inter-rater study as they scored the CBM math probes. The markers did not judge or rate
the probes.

In this study the subjects for the inter-rater portion were SD57 educators who
either attended or presented at the CBM math inservice training held on September 22,
1999. The inservice ensured that before collection of the data from the CBM math probes
the educators received training to consistently administer and score the probes. Invitation

to volunteer as participants for this study was extended only to educators who attended
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the training inservice. Therefore, a convenience sample comprised the selection of
participants in the inter-rater study as markers had the choice to take part in the study or
not. Three of the 92 educators present at the inservice were presenters and the others Were
participants. Altogether, 38 markers indicated their agreement to participate by returning
the marked inter-rater packages and consent forms to this researcher.

Gender and Relative-Age Study

The main study used the CBM math norming data collected during the 1999-2000
school year. SD57 selected the elementary student subjects for the main study and did not
require signed consent forms for student participation. Therefore, this researcher was not
required to select the elementary student subjects or collect data for the CBM math
research. Out of a population of over 10,000 elementary students, a stratified random
sampling of approximately 20% of the population from Grades 1 to 7 wés selected. All
elementary schools within the district participated in the project, collectively providing
20% of their total student population from each of Grades 1 to 7 as participants.

The CBM Math (Calculation) Norming Project, 1999-2000 hand-outs (see
Appendix E) for the training inservice provided information regarding how to fandomly
select students within each grade and within the school, and the number of students to
select from each grade. Therefore, this stratified random sampling process ensured that
each grade had equal represeﬁtation in the norming project. Using a random selection of
students provided a range of students in ability, relative-ages and gender. Only students
in specific Ministry funded categories were excluded from being chosen for the project.
Students were excluded if they were identified as a student classified as Level One or

Two English as a Second Language student, a student with a diagnosed Intellectual
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Disability, or a student with another “hard label” including: Hearing Impaired, Visually -
Impaired, Autistic, or Multiply Disabled. The students chosen for this norming project
were tested three times during the school year, with the exception of those in Grade 1
who were only tested once in April. To maintain an intact sample of 20% of the
population, a procedure was in place to replace students who transferred out during the
project.

Walraven and MacMillan (2000) indicate in the Draft Technical Report (see.
Appendix B) of the CBM (Math) Norming Project that a total of 2039 students were used
in the norming sample, representing students in Grades 1 to 7. A break;down of the
number of students within each group of the Norming sample is available from the Draft
Technical Report (see Appendix B) of the CBM (Math) Norming Project. Out of the total
students selected, 48.9% were female and 51.1% were male. Table 1 in the Draft
Technical Report of the CBM (Math) Norming Project gives the number of students by
grade, also verifying that for the April norming period all grades groups had
approximately 14% of the student sample used. This demonstrates that each grade
received almost equal representation and consequently, data is available for all grades.

For the purpose of the current study, a further selection took place of students
from the district norming sample of 2,039 students. First, only students who participated
in all three norming periods of October, January, and April were chosen to participate in
the gender, relative-age, performance group and grade retention studies. The exception
was Grade 1s who only participated in April. This process eliminated students in Grades
2 vto 7 who were missing a score in one or two of the norming periods. The term

“elimination of students” refers to the process of eliminating cases from the SPSS CBM
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math norming data, which have missing or incorrect data. Incorrect data results from
either a data entry mistake, a student who did not meet the criteria for participation or a
data case which was removed as part of the data cleaning and screening process. The
process of eliminating students ensures the research was not impacted by movement of
students into and out of a school or the district. The number of cases removed in each
grade for missing data from one or more of the norming periods were 31 Grade 2s, 22
Grade 3s, 45 Grade 4s, 34 Grade 5s, 41 Grade 6s, and 23 Grade 7s. A total of 196
students were eliminated due to missing data for one or two of the norming periods.

Two other students withoﬁt a birthdate were eliminated. One student was in Grade
5 and the other in Grade 6. At this point, 198 students were eliminated from the data
sample.

Next, students who were not the appropriate age for their specific grade were also
eliminated from the study, whether they started school early, were retained, or entered
school late. A total of 89 cases comprising 5 Grade 1s, 16 Grade 2s, 12 Grade 3s, 20
Grade 4s, 12 Grade Ss, 11 Grade 6s, and 13 Grade 7s were removed due to the
inappropriate age for their grade. Of the 89 students removed due to the inappropriate age
for their grade, 15 of them had already been eliminated for missing data from one or
more of the norming periods.

The procedures to eliminate students either missing data or not the appropriate
age for their grade were consistent with those utilized by Hedekar (1997). Thus,
comparison of the results is possible between the two studies. Further selection took place

with screening and cleaning of the data.
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Data cleaning and screening. Before data analysis took place, the data was
screened to determine that it met the requirements for univariate and multivariate
analysis. Descriptive statistics including means, and ranges of the CD scores were
calculated for each norming period. No case for an inordinately large or small value was
evident.

The next step required determining if any univariate outliers (“cases with an
extreme value on one variable” [Tabachnick & Fidell, 2001, p. 67]) were evident in the
data. Cases, which produced a z score of 3.29 or greater on the CD score for each
norming period, were considered a potential univariate outlier. This z score value was
chosen as Tabachnick and Fidell recommend “cases with standardized scores in excess of
3.29 (p < .001, two-tailed test) are potential outliers” (p. 67). Analysis of z scores
produced a total 24 cases to question with eight from October CD scores, seven from
January CD scores, and nine from April CD scores. Where possible, cases with high z
scores were verified. One case with an incorrect data entry for the October score was
corrected. All actual scores were plausible. A few cases with a z score indicated scores
were decreasing with each norming period rather than increasing as anticipated.
However, because all scores were possible a decision was made not to remove any
univariate outliers.

Analysis was then carried out to search in the data for the presence of multivariate
outliers (“cases with an unusual combination of scores on two or more variables”
[Tabachnick & Fidell, 2001, p. 67]). Multivariate outliers were found by calculating the
Mahalanobis distance. For this data, the Mahalanobis distance was calculated three times

using the October, January and April CD scores as the Dependent Variable with five
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Independent Variables. Cases were considered ﬁlultivariate outliers if their Mahalanobis
value was larger than a chi-squared value of 20.515 (p <.001, df=5). According to
Tabachnick and Fidell, this produces a very conservative estimate that a case is probably -
ah outlier. From this analysis, a total of 13 cases were identified as multivariate outliers.
Of these 13 cases, nine were identified in two of the three norming periods as
multivariate outliers. Examination of the cases identified proved that they did have erratic
and unusual behaviours. The cases exhibited unusual patterns of either scores decreasing
across norming periods or larger than anticipated score gains from one norming period to
the next. Hence, all 13 cases appear to be true multivariate outliers and do not exhibit the
expected pattern of behaviour. A reasonable way to deal with multivariate outliers
consisting of less that five percent of the sample is to delete them (Tabachnick & Fidell,
p- 90). Because 13 cases represents less that five percent of the sample, the decision was
made to delete the multivariate outliers from the sample. After eliminating students due
to outlier issues a total of 1754 students remained in the study.
Performance Group Study

The same 1754 student participants from the main study participated in the
performance group differences study.
Grade Retention Study

Participants in the grade retention study were students who had been eliminated
from the main study as they were too old for their grade. However, participants from
Grades 2 to 7 took part only if they had data from all three norming periods. A total of 70
students participated comprised of 4 Grade 1s, 11 Grade 2s, 12 Grade 3s, 15 Grade 4s, 11

Grade 5s, 8 Grade 6s, and 9 Grade 7s.



56

Instrumenfation

Inter-Rater Reliability

Math probes completed by student participants in the SD57 CBM math norming
project were used for data for the inter-rater study. From personal experience, the
researcher is aware that the Grade 7 probes are more likely than the other grades to
provide opportunity for unfeliable marking techniques. Therefore, this researcher chose
14 probes from those completed by Grade 7 students for the SD57 math norming
research. The probes chosen represented all six probes developed, all three norming
periods, a range of student perfofmance, and the most potential for marking
discrepancies. After removal of all identifying marks and information from the chosen
probes, and darkening of faint answers with a pencil, the probes were photocopied. Each
marker received a package with the same 14 probes along with the marking instructions,
rules and Grade 7 answer keys. Markers were instructed to mark the probes using the
criteria provided at the CBM math norming project inservice.
Gender and Relative-Age Study

Math probes representing the expected learning outcomes appropriate for each
grade level were developed for the CBM math norming project of SD57. Teachers who
had taught Grades 1 to 7 and possessed a cross-section of knowledge regarding the math
curriculum met to develop a bank of math skills for each grade. A school district working
group developed six math probes for each grade using skills from the math skills bank
(see Appendix D for a sample of a math probe and answer key). A random sampling of
skills was chosen for each probe from the grade for which it was developed. Each probe

represented the curriculum for the end of the year for each grade. As well, the first three
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questions of each probe were drawn from the skills bank of the grade below, and the final
three questions were from the grade above.

All probes were administered across each grade and norming period. Therefore,
within each testing time gender and relative-age groups for each grade contained all six
probes. Due to the distribution of each probe within each gender and relative-age group at
each testing time, the differences in difficulty levels between some Grades 5 and 6 probes
were not an issue. All other grades were judged equal in difficulty (Walraven &
MacMillan, 2000).

The same instrumentation used for the gender and relative-age study was also

used for the performance group and grade retention studies.

Procedures
Inter-Rater Study
A sample of 14 Grade 7 probes formed the marking package. Included in the
marking package were the answer keys and marking rules. The following steps were
implemented to collect the inter-rater data.
1. The researcher obtained the names of all educators who attended the inservice from
Martha Otteson, District Support Teacher, SD57 who co-ordinated the inservice.
2. Email, verbal requests, and personal contact were used to invite educators who -
attended the inservice to participate in an inter-rater reliability study.
3. [Educators agreeing to participate completed a .consent form (see Appendix F).
4. The marking packages were sent via school district mail, or personally delivered to

each educator who volunteered.



58

5. Markers were requested to mark the probes according to the CBM math inservice
criteria.

6. After marking the probes, the markers returned them via the school district mail, or in’
person to the researcher along with their completed consent form.

7. Markers who did not return the marking package within the required time were
reminded by either phone or email to return the marked probes and consent form.

8. Upon receipt of each marked package, the marker was assigned a number and
referred to by that number throughout the study. No information that could identify a |
marker or their school was referred to during the research.

9. A total of 38 markers returned their packages containing the 14 marked Grade 7
probes. All markers returned individual packages with the exception of two markers
who chose to share th¢ same package but differentiated their marking scores by using
different colours.

10. Analysis of the marked probes took place after feceiving the 14 marked probes from -
38 participating markers. Hence, 432 probes were available for analysis.

Gender and Relative Age Study

To investigate gender and relative-age differences in math, the data collected for
the SD57 norming project was used. The data for the SD57 CBM math norming project
was collected using the following procedures. Before the start of data collection, a one-
day inservice on September 22, 1999 was held to train the elementary teachers and
administrators who were to administer the probes in each school. Two educators from
each school were invited to attend, although some schools only sent one participant. The

three presenters trained 89 educators during the CBM math inservice. When the inservice
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was completed a total of 92 educators in the diétrict were trainéd to administer and score
CBM math probes. The hand-outs from the CBM Math (Calculation) Norming Training
Project, 1999-2000 provided information for the selection of students, the probes to
administer, scoring of the probes and the data collection process (Appendix E).
Following each norming period, the probes were marked and checked by the educators
trained during the inservice. Results were then entered on computers at each school into a
CBM math template developed for the FileMakerPro version 4.1 program of FileMaker,
Inc. After Veriﬁcation of the CBM math probe scores by school personnel, the data was
sent electronically to the school board where the data was collated into one file. This file
was then sent electronically to Gail Walraven, Master of Education student and Zone
Vice-Principal, SD57. To produce the norms for the school district the data was analyzed
by Walraven using the SPSS program. Information regarding the norming project was
presented at an inservice on September 18, 2000 to teachers in SD57. (For information
regarding the Draft Norms Tables for CBM Math Calculation see Appendix C.)

Before analyzing the data, multivariate analysis issues were addressed. First, a
decision was made not to investigate normality and linearity as the solution would
transform a variable thus making it difficult to interpret the results. The final
consideration made was to verify if multicollinearity was apparent within the data. An
accurate correlation between variables is required for multivariate analysis. If variables
are too highly correlated (= .90 or above) then they are too similar and not all the
variables are required for the analysis (Tabachnick & Fidell, 2001, p. 82-83).

Examination of the correlations of CD scores between norming periods (found in
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Appendix B) indicates the variables have high positive values (.53 to .74). However,
none of the values were .90 or higher, so further analysis was possible.

Data analysis on the 1754 cases remaining in the CBM math data took place using
the SPSS version 10.1 for Windows statistical package and program.

Performance Group Study

The procedures for the main study also apply to the performance group study.
However, for analysis of performance group differences a new variable was created. For
Grades 2 through 7 a variable (CDTotal) was created by totalling the CD scores from the
three norming periods. The CDTotal scores for Grade 1 students was their original April
CD scores. Percentile ranks for the scores withih grades were calculated. Computing the
new variable into three percentile groups allowed for the comparispn of the high, average
and low performance groups. (Refer to the definitions for an explanation of the three
performance groups.) These three percentile groups made it possible to compare the
means of the performance groups.

As with the main study data analysis took place using the SPSS version 10.1 for
Windows statistical package and program on the 1754 cases in the CBM math data.
Grade Retention Study

Procedures for grade retention followed many of the same procedures as the main
study. Retained students were one year older than their appropriate age peers for their
same grade level. Three students who were one year ahead of their peers (advanced) were
also removed at the same time from the main anaiyses. As with the gender and relative-
age study, the data set for retained students eliminated anyone who was absent for one or

more of the norming periods. Retained and advanced students were removed from the
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data set before performing univariate and multifzariate analyses. The data screening
procedures did not apply to the students who were the inappropriate age for their grade.
No students were eliminated from the grade retention study due to outlier behaviour as
the sample was already small and these students did not meet requirements for the main

study. Therefore, analysis took place on the 70 students in this group.

Data Analysis
Inter-Rater Reliability |
Analysis took place once the 38 markers returned their marked probes. Initially,

the researcher checked to determine if each marker calculated a CD score for each probe.
If the marker had not, the researcher then calculated the CD score for each probe marked,
by adding together the score for each question marked on a probe. The first analysis
undertaken determined the marking consistency between the markers of the SD57 CBM

" math norming project by observing the CD scores calculated by the markers for each of
the 14 probes. Following that, a Pearson’s correlation coefﬁcient determined the inter-
rater reliability. Calculation of the mean, standard deviation, coefficient of Variation
(CV), and upper and lower quartile ranges of the CD scores the markers obtained for each
of the 14 probes to determine marker consistency. The coefficient of variation is a
dispersion index calculated to allow comparisons of standard deviations to means when
the means are markedly different. The coefficient of variation is calculated as CV =
100(SD/M) (Kirk, 1990, p. 123). Then the same statistics were calculated for each probe.
Next, the researcher determined how many markers made addition errors in totalling their

CD scores. Finally, comparison of individual question scores was undertaken to discern
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the types of questions that produced scoring diéagreement amohg the markers. This final
comparison also looked at the range of scores received for specific questions.
Gender and Relative-A ge Study

To determine if gender and relative-age differences exist in the CBM math
norming data, the CD scores were analyzed with a 2 (gender) x 3 (relative-age) x 3
(norming period) repeated-measures ANOVA by grade. The within-subject variables
were the CD vscores‘ for each norming period. Gender and relative-age were the variables
measured between the subjects. (Refer to the definitions for an explanation of the three
relative-age groups.) A 2 (gender) x 3 (relative-age) ANOVA was used to analyze
differences between the Grade 1 students as they only participated in the April norming
period.

Considerations for repeated-measures analysis. Before performing the data
analysis, several issues were investigated. A MANOVA analysis is most successful with
“highly negative correlated DVs” (Tabachnick & Fiddell, 2001, p. 357). As the
dependent variables have a moderate positive correlation indicated from observation of
the correlations (found in Appendix B), it was decided a repeated-measures ANOVA
would be the best approach. Repeated-measures ANOVA require sphericity for the
dependent variables (p; 421). A test for homogeneity of covariance, Box’s M, was
undertaken to determine if sphericity does exist between the dependent variables.
However, according to Tabachnick & Fidell (2001), the Box M test to determine

. homogeneity of variance is very sensitive (p. 362). Therefore, results may be suppressed

in the analyses.
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Effect size comparisons. Effect sizes wére computed for gender and relative-age
differences. Cohen’s (1992) effect size index was used to determine if the size of the
effect was expected to exist in the population. Calculating Cohen’s d effect sizes also
determined if there were hidden trends in the data. Use of Cohen’s effect sizes
investigated if nonsignificant results found in the main analyses were due to a lack of
effect rather than a lack of power. The use of Cohen’s d also allowed comparisons
among multiple groups at the same time, as it is a unitless measure. Data received ﬁom
Hedekar and MacMillan’s (personal communication, January 30, 2002) reanalyses of the
CBM reading and writing fluency study was compared to the CBM mafh data for gender,
and relative-age across each grade and norming periods.

Effect size comparisons were undertaken to determine if the gender effects
experienced in the CBM math data were consistent with results from other researchers.
Where possible the effect sizes were compared to the identical grade. However, if no
grade was presented for the data an attempt was made to match the grade. The Grade 7
results were used if the grade was higher or a compilation of results than that measured
by the CBM data. As there was data available for all seven grades results from the April
norming period were used.

Performance Group Study

The data was further broken down into the three performance groups for each
gender and grade. The performance groups included: a high performance group, an
average performance group and a low performance group. This was determined by their
achievement on the CBM math norming data (see definitions for further information

regarding the performance groups). A 2 (gender) x 3 (relative-age) x 3 (performance
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group) x 3 (norming period) repeated-measures ANOVA by grade was undertaken for
Grades 2 to 7 to determine if gender differences existed in the high, average, or low
performance groups when the means were compared. Grade 1 analysis was performed by
a 2 (gender) x 3 (relative-age) ANOVA for grade and performance groups with April CD
as the dependent variable. Observation of the number of males and females was also
performed, and the ratio of females to males was calculated to determine if more males
existed in the high and low groups, thus showing more variability.
Grade Retention Study |

Analysis of differences in math achievement between students who were retained
in a grade and students who were the correct age for a grade, was accomplished by
comparing the means and standard deviations of the retained students with those who
were the correct age for their grade. Observation of the means and standard deviations of
each group determined who had the larger mean either the retained students or the
students who were the appropriate age for their grade. Next, analysis compared the

number of male and female students within each group by grade.

Ethics
School District No. 57 did not require signed consent from the students
participating in their research as this was considered an in school project appropriately
related to the math curriculum. SD57, as part of the CBM math norming project,
collected the data for the math probe scores prior to this research. To ensure ethical
procedures were followed, permission to use the CBM math norming data was obtained

following an ethical review by SD57, Prince George, B.C. (see Appendix A). Permission
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for this research project was also obtained frorﬁ UNBC (also in Appendix A).
Confidentiality was maintained for participants in all aspects of this study. Dr. Peter
MacMillan of UNBC will maintain the CBM math norming data, related data and intér—
rater analysis files in a secured database. For purposes of further research, information,
data files, and inter-rater data will remain the property of Dr. Peter MacMillan. However,
the CBM math probes collected by the SD57 for the original CBM math norming project
will be retained as their property. Access to all original data, for the completion of
every aspect of this study, will be limited to the present researcher, and the researcher’s
supervisor. Destruction of scored probes will take place upon completion of all research

including publications.
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CHAPTER FOUR: RESULTS
Two main topics exist within this chapter. The first topic reports the findings of
the inter-rater study. Then the second topic describes the results of the main study.
There are three aspects of the main study. Gender and relative-age are the primary focus.
Performance group differences are the second section. Finally, grade retention is the last

section.

Inter-Rater Reliability Findings

The CD (correct digit) scores reported for each of the 14 Grade .7 probes are
available in Table 1. Differences in severity between markers can be observed from
examination of Table 1. Marker 19 is an example of a severe marker by the CD score of
zero given to both Probes 8 and 10. A score of zero for both probes is notably discrepant
from other markers by a minimum of 29 and 43 marks respectively. The CD score of 99
given by Marker 17 for Probe 5, is higher than any other score by 47 marks. Marker 15
produced another discrepant score with a CD score of 92 for Probe 7, which is 18 marks
lower than given by another marker. The CD score of 29 given by Marker 36 is the
second lowest score for Probe 8. There is a difference of 19 marks between the score
given by Marker 36 and the third lowest score. As indicated, some marking differ_ences
were apparent between the markers who participated in the inter-rater study. From the
table of CD scores the researcher performed an inter-rater correlation.

Examination of the correlation in Table 2 indicated a high correlation existed
between the markers of the CBM math norming project. The mean of the correlation was

.98. A Fischer’s Z transformation was used to reduce underestimation of the correlation
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Correct Digit Scores for Inter-Rater Reliability Probes

67

M Probe Probe Probe Probe Probe Probe Probe Probe Probe Probe Probe Probe Probe Probe

1 2 3 4 #5 6 7 8 9 10 1] 12 13 14

1 116 28 59 17 45 66 122 67 25 46 57 19 95 63

2 108 31 58 22 46 67 124 61 26 48 56 19 96 66

3 115 31 59 23 47 64 122 66 27 43 58 20 96 66

4 115 33 57 22 49 72 122 63 23 45 59 20 96 66

5 121 31 52 20 48 66 122 67 23 47 50 19 95 56

6 113 31 57 22 49 69 122 67 25 48 59 20 95 64

7 113 31 58 22 47 68 115 53 24 46 57 20 96 66

8§ 115 31 58 21 46 70 122 65 24 46 57 20 95 61

9 114 31 59 21 49 67 124 67 26 46 56 20 95 75

10 113 34 61 22 51 69 122 67 26 46 59 20 96 64
11 110 28 55 22 45 69 122 48 15 47 59 19 78 66
12 113 24 56 22 48 68 124 66 26 47 57 20 96 65
13 113 31 57 22 46 69 124 68 27 46 58 20 89 63
14 115 34 58 15 48 69 122 67 24 47 58 19 94 60
15 113 31 64 23 52 67 92 60 21 45 57 17 96 64
16 115 31 59 21 49 69 122 67 26 47 53 20 96 65
17 112 31 60 21 99 69 122 67 25 46 59 20 96 58
18 115 31 59 22 49 70 122 65 25 46 54 19 95 62
19 106 22 51 - 21 37 66 122 0 20 0 59 20 91 62
20 113 30 54 21 44 70 110 65 23 46 57 18 87 64
21 113 33 60 19 40 65 122 57 25 47 59 15 95 63
22 113 32 60 22 51 69 124 56 25 47 59 21 96 64
23 112 32 62 22 42 67 122 66 26 46 58 18 98 63
24 114 33 59 22 48 77 122 66 27 47 58 20 95 65
25 116 33 59 21 45 70 124 63 26 46 57 22 97 69
26 114 33 63 23 46 72 123 63 27 47 58 21 95 65
27 113 30 59 22 50 69 122 67 25 46 58 19 95 62
28 113 33 56 2] 46 72 124 54 24 46 59 18 94 62
29 110 23 56 22 47 61 121 66 23 47 55 20 94 66
30 113 30 59 22 45 66 123 65 25 47 56 18 82 64
31 113 31 58 21 47 67 122 67 25 46 57 20 93 64
32 113 29 61 23 44 69 116 68 26 46 55 19 89 64
33 108 31 57 21 49 69 122 48 25 46 57 19 74 63
34 107 32 59 19 42 69 122 57 22 46 59 20 95 60
35 114 31 58 25 45 60 121 61 25 43 58 16 95 57
36 114 31 61 20 46 66 122 29 25 45 54 20 95 64
37 113 31 60 22 49 67 124 67 28 48 57 20 96 66
38 113 31 58 22 45 67 119 68 24 48 56 19 93 62




Table 2

Inter-Rater Correlation Coefficients
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1 2 3 4 S 6 7 8 9 10 11 12 13

1 -

2 1.00 -

3 1.00 1.00 -

4 1.00 1.00 1.00 -

5 099 099 099 099 -

6 1.00 1.00 1.00 1.00 0.99 -

7 099 099 099 1.00 098 0.99 -

8 1.00 1.00 1.00 1.00 0.99 1.00 099 -

9 099 1.00 1.00 099 099 1.00 099 099 -

10 1.00 1.00 1.00 1.00 0.99 1.00 099 1.00 0.99 -

11 097 098 097 098 097 098 098 098 098 098 -

12 1.00 1.00 1.00 1.00 0.99 1.00 099 1.00 0.99 1.00 098 -

13 1.00 099 1.00 1.00 0.99 1.00 099 1.00 0.99 1.00 0.98 1.00 -
14 1.00 099 0.99 1.00 0.99 1.00 099 1.00 0.99 1.00 0.97 099 1.00
15 097 096 097 097 096 0.97 098 097 096 0.97 094 096 0.95
16 1.00 1.00 1.00 1.00 1.00 1.00 099 1.00 1.00 1.00 098 1.00 1.00
17 091 090 091 091 091 092 090 091 091 092 0.89 091 0.90
18 1.00 1.00 .1.00 1.00 1.00 1.00 099 1.00 0.99 1.00 0.98 1.00 1.00
19 085 0.87 0.86 0.87 0.83 0.85 0.89 0.86 0.86 0.86 0.89 0.85 0.85
20 099 099 099 1.00 0.99 1.00 099 1.00 0.99 0.99 0.98 0.99 0.99
21 0.99 1.00 099 099 098 0.99 099 099 099 0.99 0.98 0.99 0.99
22 0.99 1.00 099 1.00 0.99 099 1.00 1.00 0.99 1.00 0.99 0.99 0.99
23 1.00 1.00 1.00 0.99 0.99 1.00 099 1.00 0.99 1.00 097 0.99 0.99
24 1.00 099 0.99 1.00 099 1.00 099 1.00 0.99 1.00 0.98 0.99 1.00
25 1.00 1.00 1.00 1.00 0.99 1.00 1.00 1.00 1.00 1.00 0.98 1.00 1.00
26 1.00 1.00 1.00 1.00 099 1.00 099 1.00 0.99 1.00 098 1.00 1.00
27 1.00 1.00 1.00 1.00 099 1.00 0.99 1.00 0.99 1.00 0.98 1.00 1.00
28 099 1.00 099 1.00 0.99 0.99 1.00 099 0.99 099 0.99 099 0.99
29 1.00 0.99 1.00 0.99 0.99 1.00 0.99 0.99 1.00 0.99 097 1.00 0.99
30 0.99 099 099 099 0.99 0.99 098 0.99 099 0.99 0.99 099 1.00
31 1.00 1.00 1.00 1.00 0.99 1.00 099 1.00 1.00 1.00 0.98 1.00 1.00
32 1.00 099 1.00 099 099 1.00 099 1.00 0.99 1.00 098 0.99 1.00
33 0.97 098 097 098 0.97 098 098 098 097 098 0.99 097 098
34 0.99 1.00 099 1.00 0.98 0.99 0.99 1.00 0.99 0.99 098 0.99 0.99
35 0.99 0.99 1.00 099 0.99 099 099 0.99 099 099 0.97 0.99 0.99
36 095 096 096 096 0.94 095 098 096 095 0.96 0.97 095 0.95
37 1.00 1.00 1.00 1.00 0.99 1.00 099 1.00 1.00 1.00 098 1.00 1.00
38 1.00 1.00 1.00 1.00 0.99 1.00 0.99 1.00 0.99 1.00 0.98 1.00 1.00
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14 15 16 17 18 19 20 21 22 23 24 25 26
1
2
3
4
5
6
7
8
9
10
11
12
13
14 -
15 097 -
16 1.00 0.97 -
17 0.92 090 091 -
18 1.00 097 1.00 092 -
19 0.84 0.83 0.85 0.78 0.86 -
20 0.99 0.97 0.99 090 099 0.84 -
21 099 096 0.99 0.89 099 0.87 0.99 -
22 0.99 096 099 0.92 1.00 0.89 0.99 1.00 -
23 0.99 097 1.00 0.89 1.00 0.86 0.99 1.00 0.99 -
24 1.00 0.97 1.00 0.91 1.00 0.86 1.00 0.99 0.99 0.99 -
25 0.99 097 1.00 0.90 1.00 0.87 0.99 1.00 1.00 1.00 1.00 -
26 1.00 0.97 1.00 0.90 "1.00 0.87 0.99 1.00 1.00 1.00 1.00 1.00 -
27 1.00 097 1.00 0.92 1.00 0.850.99 0.99 099 1.00 1.00 1.00 1.00
28 0.99 096 099 0.90 0.99 0.89 0.99 1.00 1.00 0.99 0.99 1.00 1.00
29 099 096 1.00 091 0.99 0.84 0.99 099 099 0.99 0.99 0.99 0.99
30 0.99 0.95 099 090 0.99 0.850.99 0.99 099 0.99 0.99 0.99 0.99
31 1.00 0.96 1.00 0.91 1.00 0.85 0.99 0.99 0.99 1.00 1.00 1.00 1.00
32 099 097 1.00 0.90 1.00 0.84 1.00 099 099 1.00 1.00 0.99 1.00
33 0.97 093 0.97 0.90 0.98 0.89 097 098 099 0.97 098 0.98 0.98
34 0.99 096 0.99 0.89 0.99 0.88 099 1.00 1.00 1.00 0.99 1.00 1.00
35 0.99 0.96 0.99 0.91 0.99 0.87 0.99 0.99 0.99 1.00 0.99 0.99 0.99
36 095 093 095 0.87 096 094 094 0.97 098 095 096 0.96 0.97
37 1.00 096 1.00 0.91 1.00 0.850.99 099 0.99 1.00 1.00 1.00 1.00
38 1.00 0.97 1.00 0.90 1.00 0.84 1.00 0.99 099 1.00 1.00 1.00 1.00
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27

0.99
1.00
0.99
1.00
1.00
0.98
0.99
0.99
0.95
1.00
1.00

28

0.99
0.99
0.99
0.99
0.99
1.00
0.99
0.98
0.99
0.99

29

0.99
1.00
0.99
0.97
0.99
0.99
0.95
1.00
1.00

30

1.00
1.00
0.99
0.99
0.99
0.95
0.99
0.99

31

1.00
0.98
0.99
0.99
0.95
1.00
1.00

32

0.97
0.99
0.99
0.95
1.00
1.00

33

0.98
0.97
0.97
0.98
0.97

34

0.99
0.97
0.99
0.99

35 36

096 -
0.99 0.96
0.99 0.95

37

1.00

38
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due to the skewness of the sample (Glass & Hopkins, 1996, p. 362). The median of the
correlation was .99. The high positive values obtained for the median and mean of the
correlation indicate a high rate of agreement between the markers. Most markers
produced correlations of .97, .98, .99 and 1.00. The correlation values of 1.00 are actually
values of .99 rounded to two decimal places. As indicated by the high positive correlation
results, the majority of the markers agreed with the scores given by the other markers
indicating a strong relationship between markers. However, the range of correlation
scores between all 38 markers varied from a low of .78 to a high of 1.00. Markers 17 and
19 produced the lowest correlation value of .78. Both of these markers produced
discrepant scores noted in Table 1. Markers 19 aﬁd 17 are responsible for many of the
lowest correlation values. For Marker 36 the lowest correlation happens when correlated
to Marker 17 with a correlation of .87. Marker 36 also produced discrepant scores as
noted in Table 1. All of the low correlations are a result of markers who produced
discrepant CD scores compared to others markers. Markers who did not produce CD
scores substantially different from the other markers produced the higher correlations
observed in Table 2. As the intent of the probes selected was to produce the most
variability, this noted range in correlations should reflect the maximum possible variance
experienced between markers.

Further patterns of discrepancy in severity and leniency observed between the
markers are available in Table 3. From the CD scores the means, staﬁdard deviations,
coefficient of variation, and quartile ranges of the.markers were calculated. Examination
of the means showed the means were not identical but varied almost 20 CD from the

smallest mean to the largest. Standard deviations varied over nine CD from the smallest



Table 3

Inter-Rater Means and Standard Deviations

Marker Marker Mean Marker SD Marker CV Marker Q Marker Qs

15 57.29 29.07 50.74 34.50 66.25
10 60.71 31.92 52.57 37.00 68.50
26 60.71 32.07 52.81 36.25 70.25
24 60.93 32.23 52.90 36.50 74.25
32 58.71 31.09 52.96 32.75 68.75
37 60.57 32.24 53.23 35.25 67.00
17 63.21 33.67 53.26 34.75 89.25
20 57.29 30.54 53.32 33.50 68.75

6 60.07 32.12 53.46 35.25 " 68.50
13 59.50 31.96 53.71 34.75 68.75
7 58.29 © 3137 53.83 34.75 67.50
22 59.93 32.27 53.85 35.75 67.75
33 56.36 30.38 53.90 34.75 67.50
38 58.93 31.78 53.93 34.50 67.75
2 59.14 31.93 53.99 34.75 66.75
27 59.79 32.30 54.03 34.00 68.50
9 60.71 32.82 54.06 34.75 73.00
31 59.36 32.12 54.12 34.75 _ 67.00
3 59.79 32.36 54.13 34.00 66.00
16 60.00 32.56 54.26 35.00 68.50
4 60.14 32.64 5427 36.00 70.50
25 60.57 32.90 5431 36.00 69.75
30 58.21 31.67 54.40 33.75 65.75
23 59.57 32.53 54.61 34.50 66.75
18 59.57 32.54 54.62 34.75 68.75
8 59.36 32.67 55.04 34.75 68.75
34 57.79 32.02 55.42 34.50 66.75
12 59.43 33.00 55.53 31.25 67.50
14 59.29 32.99 55.64 37.25 68.50
29 57.93 32.29 55.73 29.00 66.00
28 58.71 32.75 55.77 36.25 69.50
35 57.79 32.29 55.87 34.00 60.75
] 58.93 33.39 156.66 32.25 66.75
21 58.07 32.93 56.71 34.75 64.50
11 55.93 31.97 57.17 32.25 6825
5 58.36 33.77 57.86 35.00 66.75
36 56.57 33.46 59.15 29.50 65.50
19 48.36 38.27 79.14 20.25 65.00
Mean 58.84 32.39 55.18 34.04 68.33
SD 2.26 1.33 429 2.89 4.16

CV 3.85 4.11 7.78 8.48 6.08
Q 58.11 31.96 53.74 34.00 66.75

Qs 59.98 32.80 55.61 35.19 68.75




73

to the largest value. Differences in markers are evident from caiculation of the standard
deviation of standard deviations. If all markers marked identically, the standard deviation
would be zero. However, this is not what happened. Because selection of the probes was
made with the intent that the means would be different, the coefficient of variation is an
appropriate statistic to compare the size of the standard deviations to their means. Within
Table 3, the coefficient of variation from the smallest value to the largest ranks the data.
This permits expediént observation and comparison of how the marker means and
standard deviations. differed. If marker severity remained consistent, the researcher
expected that the largest mean would produce the largest standard deviation and vice
versa for the smallest mean. Observation of the coefficient of variation for each marker
showed that Marker 19 with the smallest mean produced the largest coefficient of
variation. The second highest coefficient of variation value was from Marker 36, who
produced the fourth lowest mean. Marker 17 who had the largest mean did not produce
the largest coefficient of variation value. For Marker 17, the coefficient of variation value
was smaller than the mean of the coefficient of variation values and the Q, of the
coefficient of variation values. These results are not What is expected or desired. If the
markers were equally severe in their marking then the coefficient of variation value
would be identical. The use of quartile ranges eliminated outlier scores from the range
values, thus providing a range that reflects the majority of markers. Quartile ranges also
assisted in identifying problematic markers. However, elinﬁnating outlier scores still
produced a wide range of scores for probes. Marker 17 produced the largest Q3 score of
89.25 compared to most other markers whose scores varied from 66 to 69. This suggests

Marker 17 produced exceptionally large scores compared to the other markers. The
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smallest Q, score of 20.25 was from Marker 19‘. This score was nine CD lower than the
second lowest Q; score suggesting Marker 19 produced some scores much smaller than
other markers. Despite the high correlation mean and median produced by the markers,
observations of Table 3 demonstrate differences that existed. However, when the
descriptive data between the 38 markers is compared most of the markers produced
similar scores with only a few marker exceptions. This is evident as the means and
standard deviations only vary from each other by one to three CD indicating a high
degree of agreement between the markers existed.

Examination of Table 4 illustrates how the probes differed. It also shows that
markers responded differently to each probe. Asv with Table 3, the data for Table 4 is
ranked by the coefficient of variation value providing ease of comparison for differences
in mean values in relation to the standard deviation. From observation of the means, it is
apparent differences existed between the probes. Probes were chosen to represent a range
of students, and norming periods. Therefore, the range of probe means found in Table 4 is
expected and desired. While a range of means was expected, the anticipation was the
coefficient of variation values would remain consistent. If all the markers were identical
in marking each probe then coefficient of variation values would be identical. However,
Probes 8, 5, and 10 produced coefficient of variation scores substantially bigger than the
other probes. This is an indication that the standard deviation is approaching the size of
the mean and therefore the standard deviation is larger than anticipafed. Thus, for these
three probes the markers showed a large Variatiorll in their marking. In contrast, Probe 7
with the largest mean produced the fourth smallest coefficient of variation value and

provides evidence that a large mean does not lead to an increase in marker differences.
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Table 4

Probe Means and Standard Deviations Calculated by the Markers

Probe Probe Mean  Probe SD Probe CV Probe Q, Probe Q;
1 113.00 2.68 2.37 113.00 114.00
11 57.08 1.96 3.44 56.25 58.75
6 68.05 2.95 4.33 67.00 69.00
3 58.32 2.61 448 57.00 59.75
7 120.89 5.52 4.57 122.00 122.75
14 63.66 3.24 5.09 62.00 65.00
13 93.26 5.12 5.49 93.45 96.00
12 1932 1.32 6.82 . 19.00 20.00
4 21.39 1.69 7.95 21.00 22.00
2 30.63 2.64 8.63 31.00 32.00
9 24.58 2.31 9.39 24.00 26.00
10 45.05 7.59 16.84 46.00 47.00
5 47.92 9.03 18.84 45.00 49.00
8 60.63 12.73 20.99 60.25 67.00
Mean 58.84 - 4.39 8.52 58.35 60.59
SD 32.02 3.31 6.01 32.31 32.31
Q 34.24 2.38 4.50 34.50 35.75
Q3 66.95 5.42 9.20 65.75 68.50

Examination of the difference in Q: and Qs scores provides a further indication that for
some probes markers had different ranges of severity. For the majority of probes the
interquartile ranges (IQR) are one or two CD different from each other. However, for
Probe 8 the IQR is almost seven CD. This is an indication that for this probe the markers
exhibited differences in the severity of their marking. The standard deviation of Q, and
Qs is identical which indicates that despite a lower mean for Q,, the markers producing
lower scores had more variability in marking. As a lower score indicates a more severe
marker, it is eyident that the severe markers exhibit more variability than the lenient

markers. It was expected that the standard deviation of standard deviations would be zero
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if all the markers were identical in their severity. However, as this did not happen, it is
further evidence of marker disagreement.

This researcher therefore, proceeded to further analyze the probes to determine
possible causes or reasons for the differences that existed in probe scores calculatéd by
the markers. It became apparent that more than one reason could explain why the 38

markers did not calculate the exact same CD scores on each of the 14 probes.

Reasons for Differences in Probe Scores

Addition Errors

Not all markers returned their marked probes with the CD scores totalled and
written in the space provided for it. For the 38 markers who participated, the process of
determining the total CD score for each probe was not consistent between all markers.
The researcher totalled the probes submitted without either a CD score or row totals for
Markers 11, and 36. Correct digit scores were calculated by the researcher for probes
with row totals and no CD score by adding each of the row totals for Markers 1, 8, 27,
32, 34, and 37. Not all markers had totalled the score of each row before determining the
CD score. However, as long as the probe received a CD score the researcher did not see
a reason to add row totals to the probes. The researcher checked the accuracy of the
probes she totalled. Analysis for the inter-rater study used the CD scores provided by the
markers. The process to determine reasons for marker differences verified the accuracy
of the CD scores provided by the markers and determined that more than one marker
made an addition error while calculating the CD score or row totals. As the researcher did

not correct marker addition errors prior to data entry, they contributed to the existence of
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marking differences. The researcher calculated Aand verified the CD score for Markers 11
and 36. Hence, the probes submitted by these two markers did not contribute to the
addition errors found by the researcher. There were potentially 504 probes marked by 36
markers, which could have addition errors in their row totals or CD score. A total of 22
marked probes were returned to the researcher with addition errors, as shown in Table 5.
The percentage of probes with addition errors was 4.36%. These addition errors are one

cause, which contributed to the marking discrepancies.

Table 5

Impact of Addition Errors by Markers

Marker Probe Marker CD CD Error Corrected

Total CD Total
15 7 92 -30 122
21 8 57 -10 67
20 7 110 -5 115

21 12 15 -4 19

26 8 63 -4 67
8 2 31 -2 33
14 14 60 2 62
19 1 106 -2 108
31 13 93 -2 95
8 3 58 -1 57
17 9 25 -1 26
17 11 59 -1 60
23 12 18 -1 19
35 7 121 -1 122
28 2 33 +1 32
6 10 48 +2 46
25 14 69 +2 67
38 8 68 +5 63
5 1 121 +10 111
9 14 _ 75 +10 65
24 6 77 +10 67
17 5 99 +50 49

Note. + sign indicates addition error added extra marks to the score

- sign indicates addition error deleted marks from the score
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The percentage of probes with addition ‘errors was only one aspect to consider
when determining the impact of addition errors. Table 5 demonstrates how students’
marks increased or decreased from one to 50 CD. The addition errors were not limited to
one or two specific probes. Probe 4 was the only probe not impacted by addition errors.
Addition errors were not limited to probes receiving only high, medium or low scores.
Eighteen of the markers contributed to the addition errors found by the researcher. The
impact of addition errors was evident in a variety of probes and a diverse range of student
scores. In order to accesé the influence of the addition errors the researcher corrected the
CD totals for all probes with addition errors. Then recalculation of the correlation found
the mean with Fischer’s Z transformation to be .98. The median of the recalculation was
.99. When rounded to two decimal places most of the correlation values were .99 and
1.00. Correcting addition errors increased the similarity of correlation values among the
markers. Fewer differences were evident. After correcting addition errors, the correlation
values indicated a stronger relationship between the markers. Correcting the addition
errors also affected the range of the correlations. The minitﬁum correlation increased
from .78 to .83. Therefore, the range of correlation values decreased. Now Mérkers 19
and 5 were responsible for the new low correlation. Marker 17 was no longer responsible
for the low correlation when using the corrected addition errors. Not only did correcting
addition errors reduce differences between many of the markers but it also reduced the
range in correlation values produced by extreme markers. Addition errors were one factor
contributing to marker differences but were not the only cause, as the changes in CD
scores do not produce an average correlation of 1.00. The researcher continued

investigation to find further causes of marker differences.
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Question Score Discrepancies

Unmarked Questions. Questions left unmarked contributed to discrepancies
between markers. The term unmarked question refers to a question attempted by the |
student but not scored by the marker with a CD value of zero or larger. A question was
considered unmarked if it was without a score, marked with an X, had a line, or a scribble
in the question box. The researcher could not accept an “X” as a mark as it was unknown
if the marker was following CBM math marking criteria or had reverted to conventional
marking practices. CBM math marking requires markers to give credit for partially
correct answers. It was unknown if the “X” indicated all the digits were incorrect or if
one or more specific digits were incorrect. Therefore, due to the marking process the
researcher did not assume that an “X” meant a score of zero. Another reason for not
considering unmarked questions a zero score was that other markers did not agree that the
score was zero. Therefore, questions were considered unmarked if no CD score was
evident.

Analysis of unmarked questions is available in Table 6. When looking through the
scoring on each individual probe it was noted that one marker did not mark any questions
on the back side of Probe 9. Another marker did not mark any questions on the front side
of Probe 8. It is apparent from Table 6 that of the 82 questions given an unmarked score
by some markers, only 15 of fhem received a score of zero by the other markers. The
remaining 67 questions, which received an unmarked score by some markers also
received at least one score other than zero. Therefore, the majority of unmarked questions
(81.70%) added to the discrepancy of scores among the markers. On the 532 probes

marked by the 38 markers a total of 7676 questions were to be marked. Out of the 7676
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Table 6

Discrepancies in Marking

Probe Total # of # of % of # of Quest. # of Questions Sum of the
# Questions Questions Agreement “Unmarked” Which #of
Attempted all the Between by 1 or more Received Questions
by the Markers Markers  Markers But  Either “0” or Left
Student Agreed Scored by “Unmarked” “Unmarked
Upon Other Markers by all Markers " by all
Markers

1 25 16 64 4 2 10
2 7 1 14 2 0 2
3 12 5 42 5 0 8
4 4 0 0 2 1 8
5 15 5 33 5 -0 19
6 14 10 71 1 0 1
7 19 17 89 0 0 0
8 15 0 0 15 0 40
9 20 5 25 15 7 73
10 11 0 0 11 0 18
11 13 3 23 2 0 16
12 12 1 8 9 3 27
13 18 8 44 4 0 10
14 17 10 59 7 2 57
Total 202 81 40 82 15 289

questions, 289 questions (4%) were not marked. Although this is not a high percent of
questions left unmarked it contributes to marking discrepancies.

Differences in question scores between markers. Another cause for the
differences in CD scores between markers is lack of agreement regarding how many’ CD
a student earned for a question. As shown in Table 6 there were questions for which all
the markers agreed on the number of correct digits credited. Obtaining agreement on a
question meant that all 38 markers agreed on how many CD a student earned on a

question. While this was a stringent requirement, the anticipation was the markers would



not have difficulty reaching agreement. As all Iharkers had received training, they were
therefore knowledgeable in the marking process. The CBM math marking rules were
enclosed in the marking package so the markers could refer to them if unsure about
how to mark a question. In addition, it was expected that most if not all markers had

previous experience marking CBM math probes as part of the CBM math norming

81

project or for use in their sehool. Of the 202 questions attempted on the 14 probes, 81 had

marker agreement. Hence, 40% of the questions attempted had agreement between all the

markers. Therefore, the remaining 121 questions representing 60% of the questions
attempted did not have marker agreement regarding the CD score earned by the student.

Table 1 in Appendix G presents analysis of the questions causing marking differences.

From this table it is possible to see examples of the types of questions for which markers

did not reach scoring agreement. The range of score differences varied from a minimum

of one CD to a high of 14. These values provide a look at the impact marker
disagreement could have on the CD score a student achieves. Causes of marker
disagreement on specific questions are available in Table 7. Some causes of marker
differences were due to not following scoring rules. In other cases, causes of marker
differences were a result of no specific rule for the markers to follow. When no rules
were available, markers differed in the manner they marked the questions. However,
despite the existence of several causes contributing to marker differences there were a

number of questions for which the markers reached 100% agreement.
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Causes of Marker Disagreement on Specific Questions

Scoring Concept or Cause of Disagreement
Rules Cause ,

Correct Digits In a long multiplication question, whether to give credit for each
correct digit used to determine the answer, not just the correct
answer

#1 Incomplete Giving credit for correct digits written for incomplete questions

Problems

#2 Crossed-Out Giving credit for crossed out problems, in this case the answer was
Problems scribbled over but many digits remained visible
#5 Alignment For  If numbers were aligned in a question with a partially correct
Incorrect answer
Answers
#8 Long division Not giving credit for longest method
#8 Long division Giving credit for correct answer when question only partially
completed yet answer is correct
#11 Decimals How to credit answers if decimals are missing or in the wrong
location
#12 Integers Not giving credit for a (+) sign that is inferred, when the answer is
positive :
#12 Integers Whether to give credit for positive or negative sign when digits
incorrect
#12 Integers Whether to give credit for digits when positive or negative sign
incorrect
No Rules Marking Cause of Disagreement
Concerns
Missing digit in ~ How many digits to credit for an answer missing a zero in the ones

ones column

column of multi-digit number

Extra digits in
answer

How to mark answers with extra digits, especially when the correct
answer is the 2-digits in the hundreds and thousands column
followed by two extra zeros, in the ones and tens columns.

Missing digits in
answer

Answers missing a digit, usually a digit in the ones column, the
digits written are correct but demonstrate the wrong place value

Location of
Negative sign

Whether to give credit when location of where the negative sign is
not directly in front of the digits

Conversion How to credit an answer written as a fraction when converting a
question decimal to a percent

Marker Cause of Disagreement

Behaviour

Unmarked Questions completed or attempted by the students but not marked
questions by marker

Incorrect credit

Giving credit for incorrect digits
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Table 8 presents the concerns that did not cause differences in marking between

the 38 markers. For 40% of the questions markers reached agreement on the identical CD

score. Hence, some marking concerns did not cause marker disagreement. All markers

followed five of the scoring rules. Due to the selection of probes with unusual concerns,

it was possible for the researcher to determine which concerns did not cause differences

between the markers.

Table 8

Concerns Which Did Not Contribute to Marker Disagreement

Scoring Concept Concern
Rules
#3 Regrouping  Rule - No credit for “carries” or “borrows” when regrouping
# 4 Alignment  Alignment for correct answers not required to earn full credit
#9 Place - “X” used as a place holder counted as a correct digit
Holder
#10 Remainders Scoring correct remainders only once
#13 Format Questions written in the horizontal format where only the
answer received credit for correct digits
No Rules  Concept Concern
Numbers Extra numbers or marks written in the computation box, or
extra numbers written outside the answer boxes
Numbers A zero or X’s added to the front of the correct answer
Numbers Messy, poorly formed numerals, or numbers written on an
angle
Answer Answers not written on the answer line provided, when no
placement  other issues involved

This researcher found marker reliability to be adequate for the utilization of the

CBM math CD scores for the main study. The high correlation mean and median

indicated most markers reached agreement on which students earned high marks and

which earned low marks. Unanimous agreement on the number of CD earned on 40% of
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the questions is a further indicator of marker reliability. Therefore, it was realistic to
proceed with analysis of the main CBM math study using the scores calculated by the

several markers of the CBM math norming data.

The Main Studies

Gender and Relative-Age Differences

To determine if a significant difference existed in the analyses alpha was set at
0.01 for both the 2 x 3 x 3 between-subjects repeated-measures ANOVA by grade for
Grades 2 to 7 and the 2 x 3 ANOVA Grade 1 students. The analyses were set at a more
stringent alpha value (as a Bonferroni-like correction) to compensate for multiple
analyses to reduce inflated Type I error (Tabachnick & Fiddell, 2001, p. 349). There
were six analyses for each of Grades 2 to 7 and a seventh analysis for Grade 1. The
homogeneity of the covariance matrix was examined using the Box M test to test for
sphericity. The Box M test is known to be very sensitive. With the exception of Grade 2,
all other Box M results were nonsignificant. The Grade 2 results produced a significant
result p <.001, therefore for this grade, robustness to violations of assumptions is not
guaranteed (p. 330). Hence, Pillai’s Trace is the recommended multivariate statistic to
use. The Pillai’s Trace values were recalculated as converted F' values. Results of the
repeated-measures ANOVA of gender and relative-age differences for Grades 2 to 7 are
presented in Table 9. Grade 1 results in Table 9 are from the 2 x 3 ANOVA. Besides the
multivariate statistic, Table 9 provides the degrees of freedom for error and hypothesis,

and significant values of Pillai’s Trace.



Table 9

Repeated-Measures ANOVA for Gender and Relative-Age

Grade Source F df p
1 Gender 3.56 1 .19
RA 1.44 2 41
G*RA 2.25 2 g1
F(fromV) df, df. p
2 Gender - 0.39 - 2 242 .70
RA 1.17 4 486 33
G*RA 0.06 4 486 .99
3 Gender 0.43 2 248 65
RA 3.99 4 498 00*
G*RA 0.85 4 498 50
4 Gender 0.77 2 230 47
RA 0.38 4 462 .82
G*RA 1.33 4 462 26
5 Gender 1.02 2 242 36
RA 0.88 4 486 48
G*RA 1.69 4 486 15
6 Gender - 0.64 2 237 53
RA 0.71 4 476 .59
G*RA 0.52 4 476 72
7 Gender 0.53 2 236 59 -
RA 1.10 4 474 36
G*RA 3.63 4 474 01*

oa=.01forVandF
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Gender differences were not apparent iﬁ the CBM math CD score analysis. In
fact, gender effects were not evident in the data for any of the seven grades. None of the
seven grades came close to demonstrating a significant gender difference. The smallest p -
Vélue was .19 followed by .36. Nor, did there appear to be a trend regarding gender
differences within the data. Hence, gender differences do not exist in the CBM math data
at either primary or intermediate grades according to the repeated-measures ANOVA.

Relative-age differences throughout the data are not consistent. From Table 9 it is
evident there is only one grade, which produced significant relative-age differences
Grade 3, F (4, 498) = 3.49, p = .00. The level of significance was actually p = .003. Even
if a more lenient alpha value of .05 were set there would still be only one grade
demonstrating a significant relative-age difference. In addition, investigation of the data
to discover the existence of a trend in relative-age difference did not produce a trend.

One significant result compared to six nonsignificant results indicates that consistent
relative-age differences did not exist. Therefore, rélative-age differences are not
considered evident in the CBM math data for elementary students.

Examination of the interaction between gender and relative-age was also possible
from Table 9. Interaction effects were not apparent in Grades 1 to 6. However, Grade 7 F
(7, 474) = 3.63, p = .01, produced the only significant interaction. The actual significance
level for Grade 7 is p = .006. This was the only evident interaction in the CBM math
data; a consistent pattern of significant interactions was not demonstrated. However, if a
cautious approach were taken in the investigation of an interaction a p value of .25 would
be considered. Dividing this cautious p value by the six analyses undertaken produces a

cautious p value of .04. Even when using a p value of .04 there remained only the one
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significant interaction. The p value of .11 for Grade 1 remained nonsignificant even
though it was a value of interest. To provide further confirmation whether gender and
relative-age interactions existed the interactions for Grade 1 and 2 were graphed. Grade
1 was chosen as it has a alpha value of interest. It was decided to determine if the
.sensitive Box M also signified a significant Grade 2 interaction was hidden in the
analysis.

An ordinal interaction was evident for Grade 1 students. The interaction line for
females remained aimost horizontal for all three relative-ages. However, this pattern did.
not hold for males. The mean for young males was nearly identical to that of young
females. The difference in mean distance between males and females increased as the
relative-age changed from young to average to old. Thus, for Grade 1 students there
appeared to be a significant interaction.

Inspection of the interaction graphs for Grade 2 students at all three norming
times was undertaken. An ordinal interaction was evident in the October Grade 2 graph.
For this graph the mean for males and females was furthest apart when students were
young and came together slightly for average-aged Grade 2 students. When students were
in the oldest age group the means were very similar. In January Grade 2 the graph
followed a similar pattern to October. However, the difference between the young
students was not as pronounced. By April, Grade 2 the interaction was much less
pronounced than for the other two norming periods. The most obvious mean difference
between male and female students in April of Grade 2 is for young students. A slight
decrease in difference between average and older students was evident. Hence, as with

Grade 1 students the graphs for October, January, and April Grade 2 confirm an ordinal
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interaction was evident between Grade 2 studeﬁts. However, this may have been a
hidden interaction.

Observation of the data for Grades 3 to 7 indicates a trend was not apparent in the
gender and relative-age interactions. The result therefore, is that an interaction between
gender and relative-age is apparent for Grade 1 and the first two norming periods of
Grade 2. This indicates a hidden interaction was evident for early primary grades but no
interaction was evident for the other grades.

Means, Mean Square ‘Within and Eﬁ"ect Sizes

Means, mean square within, and effect sizes for gender at each grade level and
norming period are presented in Table 10. As is‘ evident from the means and the value of
Cohen’s d one gender does not consistently produce a higher mean than the other does
throughout all grades.

The highest mean in the data was for girls in Grade 7 in April with M = 60.52. In
April, Grade 6 students demonstrated the most variation in scores with a mean square
within of 543.77. The highest mean was not accompanied by the most variation in the
data. During the October norming periods students in Grade 4 produced the least
variation in the gender data with a mean square within of 100.48. The lowest mean in the
gender CBM data was produced by Grade 2 girls in October with M = 12.16. As with the
highest mean and mean square within, the lowest mean and mean square within are not
from the same gender, grade or norming period. There were however, two patterns
evident in the gender effect size data (Table 10). 'In the primary grades (1 to 3) as well as
Grade 5, all the effect sizes favoured boys. The girls were favoured by the effect sizes in

the other three grades, which are all the intermediate grades with the exception of Grade



Table 10

Mean CD Scores and Effect Sizes for Grade and Gender by Norming Period

Grade Norming Period  Gender Mean MS,, Cohen d
1 April F 13.24 101.50 -0.36
M 16.86
2 October F 12.16 102.66 -0.37
M 15.95

January F 23.14 188.26 -0.34
M 27.75
April F 30.32 228.39 -0.21
4 M 33.52
3 October F 21.16 148.50 -0.07
M 22.05
January F 30.72 180.51 -0.08
M 31.78
April F 37.36 192.95 -0.06
M 38.16
4 October F 20.81 100.48 0.20
M 18.81
January F 33.61 239.58 0.12
M 31.76
April F 37.71 302.42 0.06
M 36.67
5 October F 2134 129.86 -0.15
M 23.08 .
January F 34.58 265.06 -0.01
M 34.73 .
April F 37.99 345.74 -0.14
M 40.52
6 October F 44.18 352.05 0.03
M 43.69
January F 56.64 445.24 0.05
M 55.62
April F 60.57 543.77 0.12
M 57.81
7 October F 46.68 417.49 0.01
M 46.54
January F 56.50 495.51 0.20
M 52.15
April F 60.52 509.27 0.22
M 55.65

Note: A negative effect size indicates boys are favoured over girls.
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5. Another pattern that was consistent throughbut all grades is that within each grade,
one gender is favoured over another for all three norming periods. As Cohen (1992)
describes effect sizes, a trivial effect is below 0.2, a small effect is 0.20 to < 0.50, a
medium effect is 0.5 to < 0.80, and a large effect is 0.8 or greater. By Cohen’s
definitions, there are no large or medium effects evident in the gender effect sizes. Small
effects are evident in Grade 1, all Grade 2 norming periods, October Grade 4, and
January Grade 7. All other effects are considered nonsignificant. A trend is not evident in
the effect size data for gender. Evidence of small or trivial effect sizes produces a trivial
practical result. These small and insignificant éffect sizes confirm the CBM math data
does not appear to indicate a lack of gender differences.

The consistent pattern of small gender effect sizes for Grade 1 and all Grade 2
norming tests prompted the researcher to perform further analysis. If a difference exists
between genders in Grades 1, 2 as well as January and April of Grade 7 as suggested by
the small effect sizes then it is possible the significant results were suppressed in the
original analysis. Hence, a ¢ test for two-independent sample means was performed on a
highly similar sample for Grades 1 to 7. This was to verify an actual difference between
genders at Grades 1, and 2. It also provided the opportunity to determine if the small
effects for the January and April Grade 7 norming periods were éigniﬁcant. With alpha
set at p < .05 for a two tailed test, a significant result was evident at Grade 1 with p =
.003, for equal variances assumed. Setting the same conditions for Grade 2 also produced
significant results for the October and January norming periods with p = .004 and p =
.009, respectively. A significant  test result was not evident for any other grades or the

April Grade 2 norming period with p = .074. As the significant ¢ test results produced for
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Grade 1 and the first two norming periods for Grade 2 match the three gender effect
sizes, it is evidence that a small but significant gender effect was evident for Grade 1 and
the first half of Grade 2. The lack of a significant 7 test result for April of Grade 2 as well
as January and April of Grade 7 reflects the effect sizes which were only just large
enough to be considered a small effect rather than a trivial effect.

Table 11 presents the relative-age means, mean square within, and effect sizes for
each norming period. The oldest Grade 6 students in the April norming period produced
the largest mean with M = 61.34. In this instance, the Grade 6 students during April also
produced the most variation in the data with a standard deviation of 23.40. Young, Grade
1 students in April had the lowest mean with M= 12.56. As with the gender data in
Table 10 the Grade 4 students in October with a mean square within of 100.48 had the
least variation in data.

The effect sizes for relative-age were calculated by subtracting thg: average group
from either the oldest or youngest, then dividing the square root of the mean square
within. This is to demonstrate how different the older and younger students were from
their average aged peers. As the average group represented the largest group of students,
this researcher concluded this was the most typical group and was therefore chosen as the
group to compare the oldest and youngest students to. There were no large or medium
effect sizes apparent in the relative-age CBM math data. The Grade 7, October effect for
young students was the largest effect with d = -0.49. All other effects are within the
magnitude of a small effect or nonexistent. With a few exceptions, the majority of
relative-ages had no effect. Those with small effects only minimally met the criteria for

an effect of a small magnitude. A trend in relative-age effect sizes was not apparent.



Table 11

Mean CD Scores and Effect Sizes for Grade and Relative-Age by Norming Period
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Grade Norming Period Relative-Age Mean MSw Cohen d
1 April Young 12.56 101.50 -0.24
Average 14.97
Old 17.49 0.25
2 October Young 12.59 102.66 -0.08
Average 13.43
Old 16.89 0.34
January Young 23.06 188.26 -0.17
Average 2544 -
Old 27.71 0.17
April Young 29.31 228.39 -0.22
Average 32.66
Old 32.62 0.00
3 October Young 18.69 148.50 -0.31
Average 22.44
Old 22.22 -0.02
January Young 29.11 180.51 -0.11
Average 30.58
Old 34.35 0.28
April Young 35.24 192.95 -0.08
Average 36.39 .
ol 42.66 0.45
4 October Young 18.45 100.48 -0.15
Average 19.93
Old 20.35 0.04
January Young 31.74 239.58 -0.04
Average 32.43
Old 33.60 0.08
April Young 37.64 302.42 0.06
Average 36.65 '
Old 37.80 0.07
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5 October Young 21.71 129.86 0.01
Average 21.58 ,
oid 24.12 0.22
January Young 32.60 265.06 -0.16
Average 35.20
Old 36.14 0.06
April Young 36.42 345.74 -0.19
Average 40.03
Old 41.24 0.07
6 October Young 41.77 352.05 -0.12
Average 44.08
Old 45.80 0.09
January Young 52.66 445.24 -0.22
Average 57.21
Old 57.58 0.02
April Young 53.82 543.77 -0.31
Average 61.02
Old 61.34 0.01
7 October Young 38.13 417.49 -0.49
Average 48.20
. ol 51.46 0.16
January Young 48.80 495.51 -0.25
Average 54.26
Oid 59.98 0.26
April Young 53.15 509.27 -0.24
Average 58.62
Olid 61.21 0.11

Therefore, relative-age effects are minimal and were not an issue. As with gender effect

sizes the statistically nonsignificant results were due to trivial effects and a trivialpractical

significance. Trivial effect sizes for relative-age were reflected in the CBM math data

repeated-measures ANOVA analysis.

As with the gender data, the researcher decided to perform ¢ tests on the relative-

age data. This was to determine if effects were suppressed in the original analyses. To

verify if there is an actual difference between old and average aged students at all seven
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grades a ¢ test for two-independent sample meaﬁs was performed on a highly similar
sample. The same analysis was completed for young and average aged students. Alpha
was set at p < .05 for both analyses. Significant results were evident for old and average
aged students in October Grade 2 with p = .032 and April Grade 3 with p = .004 for equal
variances assumed. For young and average age students significant results were evident
for April Grade 6 with p =.046 and October Grade 7 with p = .002. The ¢ tests only
produced significant relative-age results for substantial small effect sizes. Signiﬁcaﬁt
t test results were not produced for small effect sizes that were not well within the small
category. The lack of pattern and consistency in the significant ¢ test résults further
confirms prior evidence suggesting relative-age differences do not exist.
Effect Size Comparisons

Comparison with CBM reading and writing. In order to determine if gender and
relative-age effects for CBM math were identical to those for CBM reading and writing a
comparison is presented in Tables 12 and 13 respectively. Hedekar and MacMillan
(2002) (personal communication, January 30, 2002) calculated the data for the CBM
reading and writing effect sizes. Using Cohen’s (1992) effect size values, effect sizes
were considered to have changed magnitude if they moved from one size category to
another. Recall that effect sizes below 0.20 were considered trivial, those from Q.20 to <
0.50 were small, from 0.50 to < 0.80 was a medium effect and values larger than 0.80
were large.

Examination of the comparison of effect sizes for CBM math and reading
indicates the magnitude of the effect changed for ten of the nineteen comparisons. The

changes in magnitude were not consistent for the Grades 3, 4 and 7 across all three
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CBM Math and Reading Gender Effect Size Comparison
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CBM Math CBM Reading
(CD) (WRCO)
Magnitude Direction
Grade Norming Period  Cohen d Cohen d Change Change
1 April -0.36 0.27 No Yes
2 October -0.37 0.49 No Yes
January -0.34 0.42 No Yes
April -0.21 0.47 No Yes
3 October -0.07 0.17 No Yes
January - -0.08 0.26 Yes Yes
April -0.06 0.28 Yes Yes
4 October 0.20 0.37 No No
January 0.12 0.32 Yes No
April 0.06 0.24 Yes No
5 October -0.15 0.56 Yes Yes
January -0.01 0.41 Yes Yes
April -0.14 0.45 Yes Yes
6 October 0.03 0.25 Yes No
January 0.05 0.33 Yes No
April 0.12 0.31 Yes No
7 October 0.01 0.25 Yes No
January 0.20 0.19 No No
April 0.22 0.30 No No

Note: A negative effect size indicates boys are favoured over girls.

CBM Reading was calculated as Words Read Correctly (WRC).

CBM Reading (WRC) effect size received from L. Hedekar & P. MacMillan (personal
communication, January 30, 2002).
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Table 13

CBM Math and Writing Gender Effect Size Comparison

CBM Math CBM Writing

(CD) (WSC)
Magnitude Direction
Grade Norming Period Cohen d Cohen d Change Change
1 April -0.36 0.47 No Yes
2 October -0.37 0.59 Yes Yes
January -0.34 0.52 Yes Yes
April -0.21 0.69 Yes Yes
3 October -0.07 036 Yes Yes
January -0.08 0.48 Yes Yes
April -0.06 0.56 Yes Yes
4 October 0.20 0.49 No No
January 0.12 047 Yes No
April 0.06 0.66 Yes No
5 October -0.15 0.70 Yes Yes
January -0.01 0.56 Yes Yes
April -0.14 0.68 Yes Yes
6 October 0.03 ‘ 0.62 Yes No
January 0.05 0.63 Yes No
April 0.12 0.72 Yes No
7 October 0.01 0.55 Yes No
January 0.20 0.48 Yes No
April 0.22 0.60 Yes No

Note: A negative effect size indicates boys are favoured over girls.

CBM writing was calculated as (WSC).

CBM writing effect size received from L. Hedekar & P. MacMillan (personal
communication, January 30, 2002).

norming periods. No change in magnitude was experienced by Grades 1 and 2. Grades 5
and 6, tested at the three norming periods, remained consistent in the existence of a

change in magnitude. Changing effect size magnitude was not consistent when

comparing CBM math and reading, between norming periods or from grade to grade.
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However, the change in direction of effect size was consistent throughout all norming
periods within a grade. For Grades 1 to 3 and Grade 5 the effect size consistently
changed from favouring girls in reading to favouring boys in CBM math. Grades 4, 6,
aﬁd 7 demonstrate a consistent pattern for CBM reading and math in that the effect
favoured girls. In comparison to the CBM reading effects, which consistently favoured
girls and with most effects were a medium size in magnitude, the CBM math effects were
not consistent in direction nor did they demonstrate the same magnitude of effect size.
CBM reading and math results were therefore not producing the same gender effects.

The results from comparing the CBM math and writing (WSC) were more
dramatic than the CBM reading and math. With the exception of the Grade 1 students,
and the Grade 4 October results, all other comparisons showed a dramatic change in
magnitude of effect. This was demonstrated by the Grade 4 April results which had an
extremely small or nonexistent effect size of 0.06 in CBM math, yet had a medium effect
in CBM writing of 0.66. When comparing the direcﬁon of the effect between CBM math -
and writing, there was no change for Grades 4, 6, and 7. For the other grades the direction
changed from CBM writing to math. In CBM math, the effect did not consistently favour
one gender over another. However, in CBM writing girls were always favoured and with
a substantial difference in effect. Comparison of CBM writing and math effects indicated
gender differences were very different between the two subjects. While there were few
effects evident in the CBM math data, the opposite was apparent in the CBM writing
results.

Comparison with other math research. Table 14 presents the results of the CBM math

effect size comparison to other research. Comparison of gender effect sizes from
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Gender Effect Size Comparison for CBM Math and Other Math Research
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CBM Math Other Math Research

Cohen d or
Standard
Mean Magnitude  Direction Age or
Grade  Cohend Difference  Change Change Researcher Grade
1 -0.36
2 -0.21
3 -0.06
4 0.06 -0.04 No Yes Beller & Gafni (1996) 9 years
4 0.06 <0.10 No No Cole (1997) Gr. 4
5 -0.14
6 0.12
7 0.22 -0.12 Yes Yes Beller & Gafni (1996) 13 years
7 0.22 -0.11 Yes Yes Beller & Gafni (2000) 13 years
, (1991 data)
7 0.22 -0.03 Yes Yes Beller & Gafni (2000) 13 years
(1988 data)
7 0.22 -0.03 Yes Yes Hedges & Nowell Gr. 8
(1995) p. 43
7 0.22 -0.11 Yes Yes Willingham & Cole Gr. 12
(1997) p. 122
7 0.22 <-0.10 Yes No Cole (1997) Gr. 12
7 0.22 0.18 Yes No Kleinfeld (1998a) Gr. 12
Math Computation
7 0.22 -0.11 Yes No Kleinfeld (1998a) Gr. 12
Math Concepts

Note: A negative effect size indicates boys are favoured over girls.

other research with the CBM math indicates effect sizes for some CBM math results were

larger than those determined by other researchers. Beller and Gafni (1996) found the
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effects for nine year olds favoured boys Whereaé the CBM math data favoured girls.
However, the size of the effects when compared is almost identical and nonexistent.
Whereas the CBM math for Grade 7 favoured girls the effect sizes for 13 year olds from
Beller and Gafni favoured boys. While the Grade 7 CBM math effect was considered
small in magnitude, the 13 year old effect is trivial. The Grade 12 effect by Willingham
and Cole (1997) and the Grade 7ACBM math effects both favour girls. A larger effect
magnitude is found in the CBM data, in the small range compared to the Grade 12 data,
which has a trivial effect size magni‘tude. If Grade 6 or October Grade 7 CBM effect sizes
were used for comparison instead of April Grade 7 effect sizes, no changes in magnitude
would exist between the CBM data and other reéearchers. Even though CBM math effect
sizes are small or trivial they appear to be slightly larger than the effect sizes found by
several other researchers. Direction of effect sizes was not consistent in two cases with
the CBM math data. However, the CBM data does not demonstrate a consistent effect

size direction.

Performance Group Differences
The repeated-measures ANOVA analysis for the low and high performance
groups are presented in Tables 15 and 16 respectively. Result_s for the average
performance group are available in Appendix H. Along with performance group values,
relative-age values are also presented. The issues regarding the repeated-measures
ANOVA for gender and relative-age also applied ;to this analysis. As with the gender and
relative-age data, the homogeneity of the covariance matrix was examined using the Box

M test for sphericity. The Grade 6 average performance group produced a significant Box



Table 15

Repeated-Measures ANOVA for the Low Performance Group

Grade Source F df p
1 Gender 0.04 1 .86
RA 0.86 2 54
G*RA 1.08 2 35
F (from V) df, df. p

2 Gender 0.92 2 56 41
RA 0.41 4 114 .80
G*RA 0.20 4 114 94

3 Gender 432 2 57 .02
RA 1.63 4 116 17
G*RA 2.32 4 116 .06

4 Gender 1.51 2 50 23
RA 1.23 4 102 30
G*RA 1.04 4 102 .39

5 Gender 0.52 2 53 .60
RA 0.74 4 108 . 57
G*RA 0.55 4 108 .70

6 Gender 0.50 2 52 .61
RA 0.14 4 106 .97
G*RA 1.11 4 106 .36

7 Gender 041 2 54 .66
RA 1.09 4 110 37
G*RA 0.53 4 110 71

o=.01 for Vand F
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Table 16

Repeated-Measures ANOVA for the High Performance Group

Grade Source F df p
1 Gender 3.65 1 17
RA 1.25 2 45
G*RA 1.07 2 35
F (from V) df;, df, P
2 Gender 0.60 2 57 .55
RA 248 4 116 .05
G*RA 1.82 4 116 13
3 Gender 0.14 2 58 .87
RA 2.63 4 118 .04
G*RA 0.62 4 118 .65
4 Gender 1.55 2 53 22
RA 2.07 4 108 .09
G*RA 1.04 4 108 39
5 Gender 0.13 2 54 .88
RA 1.40 4 110 24
G*RA 2.06 4 110 .09
6 Gender 1.23 2 54 30
RA 1.26 4 110 29
G*RA 0.97 4 110 43
7 Gender 0.10 2 53 90
RA 1.59 4 108 .18
G*RA 1.26 4 108 .29

o =.01 for Vand F

M result of p = .001. With this one exception, all other performance groups produced a
nonsignificant (p < .001) Box M result. Again, Pillai’s Trace is the recommended
multivariate statistic to use, since robustness is not guaranteed for one analysis, and to

remain consistent between analyses. The alpha was set at a stringent value of p < .01 to
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compensate for multiple analyses. The Grade 1.resu1ts in Table 15 and 16 are from an
ANOVA since Grade 1 only participated during one norming period.

Dividing the CBM math data into performance groups within each grade did not
produce significant gender differences. Examination of the alpha values indicated that
neither the low nor high performance groups showed existence of gender differences.
Nor did the data reveal that a trend in gender differences appeared in the performance
group results. Hence, gender differences within performance groups are not an issue.

Further investigation took place to determine if the lack of gender differences
within performance groups was impacted by not restricting the high and low performance
groups to students in the top or bottom 10th peréentile. The additional analysis defined
the high performance group above the 90th percentile and the low performance group
below the 10th percentile. Once again, for Grades 2 to 7 a 2 (gender) x 3 (relative-age) x
3 (norming period) x 3 (performance group) repeated measures ANOVA with three
repeated measures of: October, January, April CD scores by grade and performance
groups was carried out. Analysis for Grade 1 students was a 2 (gender) x 3 (relative-age)
ANOVA. However, robustness of this analysis was not guaranteed due to the cell sizes
below the required 20 (Mardia, cited in Tabachnick & Fidell, 2001) for high and low
performance groups. However, no evidence of gender differences was apparent for
Grades 1 to 7 when the performance groups were redefined. Results of this additional
analysis provided further evidence of a lack of gender differences evén when changing
the definition of the high and low performance gfoups.

The investigation into relative-age differences in performance groups was not one

of the hypotheses developed for this study. However, the analysis allowed for
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investigation of this topic. Therefore, the researcher included the results with this study.
However, some cells for the young and older-aged students contained fewer than 20
students. Thus, robustness of this multivariate relative-age analysis within performance
groups was not guaranteed (Mardia, cited in Tabachnick & Fidell, 2001). The relative-
age differences investigated within the data also reflected no apparent differences.
Within the low and high performance groups, no significant relative-age differences were
produced. In addition, the data did not demonstrate evidence that a trend in relative-age
differences existed. Thﬁs, relative-age differences within performance groups are not
apparent.

No evidence of an interaction or a trend was apparent within the data. There were
no significant interactions produced from the CBM math data. Therefore, dividing the
CBM math data into performance groups did not reveal evidence of main effects for
gender or relative-age differences, nor did it find an indication of an interaction between
| gender and relative-age.

As would be expected, based on the gender and relétive-age results, the average
performance group did not produce any results contradicting the original gendér and
relative-age results. No significant gender, relative-age, or interaction results were
evident. Therefore, the results are not reported here. Table 1 in Appendix H provides the
results of the average performance group.

Comparison of the ratio of female and male students in each performance group is
provided in Table 17. The ratios of females to males were determined by dividing the
number of females by the number of males within a performance group. From

examination of Table 17 the ratios of females to males did not follow any specific pattern
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Table 17

Number of Students by Gender and Performance Group

High Performance Average Low Performance
Group Performance Group Group
Grade Gender N Ratio N Ratio N Ratio
1 F 79 0.67 63 0.83 38 1.41
M 43 76 27
5 F P 0.52 63 T 1.07 34 1.17
M 42 59 29
3 F 30 0.86 72 1.33 30 0.88
M 35 54 34
4 F 34 1.31 58 0.94 26 0.84
M 26 62 31
5 F 78 0.85 66 1.06 31 1.07
M 33 62 29
6 F 36 1.44 69 125 27 0.84
M 25 55 32
7 F 30 1.00 59 0.94 24 0.65
M 30 63 37

Note: A ratio smaller than 1.0 favours males and a ratio larger than 1.0 favours females.

in any of the three performance groups. Nor did a trend in the ratio of females to males
develop in the data. Within the performance groups one gender did not consistently
outnumber the other. This finding is consistent with the lack of significant gender

differences found within the performance group data.

- Grade Retention
The mean, standard deviation aﬂd numbers of retained students and appropriate
age students for the same grade are presented in Table 18. Data for the advanced students
was not presented, as there were too few students to be a valuable comparison. This
researcher does not know the reasons for retention or advanced placement. The sample

size for retained students was less than four percent of the size of the sample for



Table 18

Mean CD for Retained and Appropriate Age Students by Grade and Gender

Retained Students

Appropriate Age Students
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Grade Norming Period Mean  SDigairet Niorat Nf N Mean  SDialapp Niotal Nf Ny
1 April 12.75 4.03 4 0 4 15.14 10.36 277 131 146
2 October 12.27 10.18 11 4 7 14.14 1035 249 119 130

January 23.27 1290 11 4 7 | 25.55 13.88 249 119 130
April 30.73 1453 11 4 7 | 3199 15.11 249 119 130
3 October 22.67 1097 12 5 7 | 21.59 12.18 255 132 123
January 27.67 1254 12 5 7 | 31.23 13.46 255 132 123
April 32.33 1425 12 5 17 37.75 14.15 255 132 123
4 October 14.53 1132 15 6 9 19.80 999 237 118 119
January 22.27 1294 15 6 9 | 32.68 1546 237 118 119
April 25.40 11.03 15 6 9 | 37.19 1729 237 118 119
5 October 22.82 1257 11 4 7 | 2221 11.37 249 125 124
January 35.27 22.88 11 4 7 | 34.66 16.35 249 125 124
April 40.64 26.70 11 4 7 | 39.25 18.61 249 125 124
6 Qctober 31.38 20.74 8 3 5 43.95 . 18.80 244 132 112
January 48.38 20.26 8 3 5 56.17 21.04 244 132 112
April 44.38 20.88 8 3 5 59.30 23.40 244 132 112
7  QOctober 46.00 19.70 9 1 8 | 46.60 20.87 243 113 130
January 48.33 26.23 9 1 8 | 54.18 22.47 243 113 130
April 55.11 23.04 9 1 8 | 5792 22.84 243 113 130

Note. The symbols f = female, and m = male.

appropriate age students. As the data set for retained students was not screened for

univariate or multivariate outliers a possibility exists that the results for retained students

were influenced by the presence of one or more outliers. Thus making the mean for the

one or more retained grade groups much larger or smaller than the population it

represents. The influence of potential outliers in the data for retained students could be

compounded by the small sample size within each grade. In fact, none of the cells for
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retained students were large enough to produce a robust multivariate analysis (Mardia,
cited in Tabachnick & Fidell, 2001). Therefore, further statistical analysis is not a
worthwhile undertaking without first increasing the size of the sample.

Comparing means for retained students and their appropriate aged peers in the
same grade level did not produce a consistent result for all seven grades. In five grades,
the retained students had a lower mean than their appropriate age peers in the same grade
level did for each norming period. However, for Grade 5, the retained students produced
higher means for CD scéres than did their peers. In Grade 3, the October mean was
higher for retained students while the mean for January and October was higher for
appropriate aged students. Therefore, for Grades 1, 2, 4, 6, and 7 retained students did not
score as well as students who were the correct age for their grade. While not a consistent
pattern, the results indicate that retained students do not perform as well as students
placed in the correct grade for their age.

A pattern did develop in the retained data when comparing the number of male
and female students. For each grade, there were more male.s than females in the retained
group. In fact, the number of males in each grade was more than twice the nurﬁber of
females. At Grade 1, only males composed the retained group. The ratio of males to
females in the retained group is quite different from the ratio for appropriate age students.
When examining the ratio of males to females in the appropriate age group it is noted for
Grades 4 and 5 the number of males and females is almost equal. In the retained group
each grade has at least two times the number of males to females. This pattern is not

found in the age appropriate group. Therefore, the pattern surrounding the gender of the
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students who are retained is quite different fronﬁ the pattern of gender observed in
students placed in their correct grade.

When the two patterns observed for retained students were combined this
researcher observed that retained students are usually male and scored lower than their
appropriate age peers. This would indicate that males, who are retained in a grade, are

less likely to be as successful as their appropriate age peers in the same grade.
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CHAPTER FIVE: DISCUSSION AND CONCLUSIONS.

There are four sections within Chapter Five. The first section discusses the
findings of the inter-rater reliability study. The second section considers gender, relative-
age differences and the interaction between them, effect size comparisons, performance
group differences and grade retention. The third section examines, of the, limitations of

this study. The final section considers implications for educational practice.

Inter-Rater Reliability

The inter-rater reliability study was vital to determine if the maﬁy markers of the
CBM math data marked the probes reliably. Without these results, the results of the main
study analyses were suspect. This pre-study was therefore vital to provide the confidence
in the marking of the math probes so that the researcher could proceed with the main
study.

The results of the inter-rater study indicated that marker reliability appeared to be
high for the CBM math norming project. An inter-rater reliability correlation mean of .98
and median of .99 suggests that most markers reached scoring agreement. Observation of
the CD scores in Table 1 confirms that most markers could agree on which probes earned
high CD scores and which ones earned low CD scores. These findings are similar to
inter-rater correlation means found by most other researchers. Fuchs, Fuchs, and Hamlett
(cited in Marston, 1989) report an identical mean for interscorer agreement on CBM math
measures. This would indicate that one could conclude high inter-rater reliability for this

study.
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However, from further observations beyond the mean and median of the markers
it is evident the markers did not all reach agreement on the CD scores of the probes.
From the Q; and Q3 CD scores for markers and probes, it was noted that in most cases
markers reached agreement within two or three CD points. Hence, if this were the only
analysis used to determine inter-rater reliability one would conclude the markers were
nearly identical in their mafking. Thus, no cause for concern exists regarding marking of
CBM math probes. However, the range in correlations indicated a few markers differed
substantially in their marking from others. If the goal is to achieve a high level of inter-
rater reliability further analyses of causes for marking differences indicates there are
factors to consider when marking CBM math probes. Discussed below are factors which

require consideration when marking CBM math probes.

Marking Considerations

Addition Errors

Investigation of addition errors demonstrated the impact they can have on a probe
score. Marker 19 with the largest addition error produced some of the lowest correlations
and the largest marker coefficient of variation value. Correction of addition errors did not
impact the correlation mean and median. However, it did decrease the range in the
marker correlations by increasing the value of the minimum correlation from .78 to .83.
Hence, addition errors are one factor that contributed to marker differences. Therefore,
markers should take steps to ensure addition errors are not contributing to marker
differences. Markers should take stéps to prevent addition errors from influencing the CD

score used for student evaluation and assessment. Recommendations for eliminating
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addition errors include rechecking addition caleulations by the marker or another marker.
The person checkihg addition totals would not need to be competent at scoring CBM
math probes only competent at adding CD scores. Increasing familiarity with the probes
also assists in reducing addition errors as markers recognize an unrealistic score, for the
number of questions accurately completed by a student. Elimination of addition errors
therefore is vital to maintaining marker reliability.

Elimination of hand marking CBM math probes would be an alternative method
of reducing addition errors. Programs which would allow machine scoring of CBM
probes would assist in eliminating addition errors made by markers. Investigation into
ways of addressing machine marking whether by a scanner or a CBM computer program
may be worth consideration. Such a tool may have an additional advantage of reducing
the amount of time spent marking CBM math probes while at the same time increasing
the accuracy of scoring probes.

Question Score Discrepancy

Other issues that contributed to marker differences revolve around the
discrepancy noted for specific questions. As the markers reached unanimous agreement
on the CD score for only 40% of the questions, it is desirable to increase the percentage
of agreement. Increasing marker agreement is one method of increasing marker
reliability. Even though the pfobes were chosen to produce the most marker variability, it
is desirable to ensure all markers reach agreement on all types of questions. Addressing
the following goals should increase the percent of marker agreement on the CD score a

student achieved on specific questions.
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Unmarked questions. As was evident from analyzing the probes one cannot
assume a question left unmarked earned a score of zero. Therefore, it is imperative
markers check over a probe on both the front and back of the probe after marking is
cbmpleted. This is to ensure every attempted question is marked. Markers cannot assume
a student did not attempt questions on the back of the probe because they did not
complete all of the questions on the front. Nor can markers assume students attempt
questions in the order they are presented on the probe. Students do skip over questions. If
a question attempted by a student earns a CD score of zero this researcher recommends
the marker indicate the score earned in the question box. This will assist in reducing the
possibility of leaving a question unmarked.

Rules not followed. Table 7 indicates rules not followed by all the markers. What
is unknown is whether markers did not follow a rule because they disagreed with it, chose
not to follow it, or if they forgot about the rule. No matter the reason for not
implementing the rule, it caused marking discrepahcies. Therefore, a recommendation for
markers is that they review the marking rules before they begin marking CBM math
probes. It may be necessary to review the rules more than once during the process of
marking probes. Reviewing the rules would be especially important if there is a large
number of probes to mark, the marker is inexperienced, a long time elapses between
marking sessions, an unusual answer is given, or a question is answered that is not
typically attempted by most students.

Additional rules.. More rules may be required to cover the other issues causing

marker discrepancies as noted in Table 7. For example, a specific statement to regarding



112

credit for positive and negative signs even if some or all of the digits are incorrect would

reduce many marker differences.

Other marking issues. The researcher is aware there are further potential causes

of marker discrepancy experienced elsewhere but not evident in the probes marked by the

markers. These include the following:

a.

b.

Rounding the answer when converting a decimal to a percent.

Writing the remainder of a long division question as a decimal instead of a
fraction. As decimal fractions are taught as part of the math curriculum, it
might be a worthWhile consideration to provide alternate answers for
questions which could have a decimal, fraction or remainder as an answer.
Then students would not be penalized for completing a question correctly,
using a method they have been taught, even if the answer key does not
provide that alternative as a correct answer.

Penalizing a student for completing long division questions the short way
but missing only the decimal by giving credit for only the correct number
of digits rather than deducting a mark for the missing decimal.

Students receiving credit for correct digits even though they do the wrong
calculation and therefore missed the concept of the question.

Providing a statement addressing what should happen when students
provide unnecessary numbers, figures or calculations for a question.
Alternatively, a statement to ignore extra numbers because students have
reduced their math ﬂuency by spending time doing extra work, instead of

completing another question.
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Impact of Markef Differences

If the CBM math data is to be used to assist in making educational decisions for a
student then it is important to understand how marking differences between markers
influences those decisions. First, it is important to recognize for which students marking
differences impact the most. A student represented by Probe 1 achieved a mean score of
113 CD. For all three CBM norming periods, a score of 113 CD places this student in the
90th to 95th percentile on the CBM math norms. The most severe marker gave Probe 1 a
score of 106 while the most lenient a score was 121. It is only for the spring norming
period that a score of 106 decreases the percentile rating of this student to the 85th to
90th percentile. Although the student representéd by Probe 1 experienced marker
differences, little impact is evident as this student is always in the Above Average or
Well Above Average range. It is unlikely that the educational decisions for this high
performing student will change due to the variation in scores from different markers.
However, the impact of marking differences is not consistent among students.

While it appears that differences in marking for high performing students may
have limited effect, it is necessary to determine if this holds true for all students. Probe 12
represents a student who achieved an average score of 19 CD. This student obviously is
not achieving at the same level as the student represented by Probe 1. Scores for this
student ranged from a low of 15 to a high of 22. In all three CBM norming periods this
range of scores impacts the percentile range in which this student is .performing. For
example, in the fall a score of 15 placed the studént in the fifth to tenth percentile. This is
the Well Below Average range. In contrast, the high score of 22 moved the student up to

the 10th to 15th percentile range, the Below Average range. If this CBM math score is
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used to set educational goals, or to request extfa assistance for the student, the more
severe score would increase the students chances of receiving support, as it places the
student within the Well Below Average range.

The impact of marker differences therefore, is not consistent for all studehts.
While students who perform in the Below Average or Way Below Average range may
not always demonstrate variation in their scores, they may be the ones to be impacted the
most by marker differences. It is important therefore, that markers recognize which
students may be impacted by marking differences and take steps to eliminate any causes

of marker differences.

Recommendations to Reduce Marker Differences

If this assessment tool is to be reliably used by educators to make educational
assessments, decisions and comparisons providing and maintaining consistent, reliable
markers for CBM math is a worthwhile goal.

One suggestion to maintain marker reliability is to provide further inservice on
marking the CBM math probes. Until all markers are comfortable and familiar with the
process of marking, inservice and training may be required on a regular basis. Regular
training will also ensure staff members who did not receive previous CBM math
administration and marking inservice also have the opportunity to receive training.
Markers could use training inservice as a way of sharing questions with unusual answers.
Thus, it would be an opportunity to reach marking consensus for questions with unusual

answers.
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Another way to increase marker reliabiiity is to have markers work together when
scoring the math probes. Two educators from each school were invited to attend the
CBM math training inservice. It is possible that in several schools two trained markers
work in the same building. Thus, it is possible for two markers to work together on CBM
marking. The experience of marking with another person would provide markers with the
opportunity to discuss options for marking challenging questions. Even if unable to get
together with someone else to do the marking, markers are encouraged to ask another
educator who is mdre familiar with the process. Thus, by asking questions a marker is
marking with someone else without the proximity of the person. By marking with other
people in person or by communicating with someone else, it is possible to verify scores
and answers. Hence, marker agreement could be achieved between the markers working
together.

The designers of the CBM probes may consider development of further CBM
math rules to answer some of the issues, which caused marking discrepancies. In some
cases, additional examples or statements might provide the information necessary to
assist markers in achieving agreement about how to mark a specific question.

Implementation of any of these suggestions would assist in maintaining a high
level of marker reliability. A minimum goal should be to maintain the level of inter-rater
reliability found in this study. Preferably, educators would strive to increase the inter-
rater reliability. More importantly, the goal would be to increase the percentage of marker
agreement on questions beyond the present 40%. Several options are available to

accomplish this goal. Thus, maintaining consistent marking would ensure the educational
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decisions made for students are not impacted by‘the marking differences of a lenient or
severe marker.

While there is evidence to conclude that inter-rater reliability of CBM math
probes is high, the conclusion is not without a few considerations. Presently, there are
several factors reducing the agreement between markers. While any one of these factors
might play only a small role in reducing marker agreement, their cumulative effect is
evident as demonstrated by the range of inter-rater correlations (.78 to 1.00). These are
recommendations, if implemented should increase agreement between markers. While
the inter-rater study indicates there is a high degree of agreement between markers, it

would not be realistic to accept that no improvement is possible or necessary.

The Main Study

Within the main study, discussion encompasses four topics. The first topic
considers gender and relative-age differences. Next, discussion looks at effect size
comparisons to compare the results of gender differences. The third topic looks at the
existence of performance group differences. Finally, the discussion considers grade
retention.

Before discussing the results of the main study, it is important to remember the
CBM math probes used for this study focus on math computation. CD scores are
calculated from the number of correct digits a student computes in ﬁQe minutes. As with
other CBM measures the math probes follow a se;t of procedures created by the
developers of CBM (Fuchs & Fuchs, 1992). The CBM math probes do not test all aspects

of the elementary mathematics curriculum. Some topics the CBM math probes do not
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cover include statistics and probability, and shai)e and space. Nor do the CBM math
probes investigate how a student applies their mathematical knowledge to higher level
problem-solving. Information regarding the elementary math curriculum is available in
the Mathematics K to 7 Integrated Resource Packages (Province of British Columbia,
1995). Educators cannot expect to use the probes to test the complete range of the math
curriculum but can expect to see a small picture of a student’s math knowledge. What is
presently unknown is how a student’s rating or percentile score on a CBM math probe
correlates with their knoWledge in other parts of the math curriculum.

Gender and Relative Age Differences

Ongoing concern has surrounded the issues of gender and relative-age
differences. Other researchers have not reached agreement about the existence of these
issues. Discussion surrounding the main study will consider gender differences, relative-
age differences and the iﬁteraction between gender and relative-age.

Gender differences. The main analyses for gender differences, using a repeated-
measures ANOVA determined found no evidence of their éxistence in any grade.
However, further investigation by calculating effect size differences conﬂicted‘with the
results of the 2 x 3 x 3 between-subjects repeated-measures ANOVA for Grade 2 and the
2 x 3 ANOVA for Grade 1. Calculation of effect sizes provided evidence that a consistent
pattern of noticeable gender differences were evident throughout the Grade 1 and all of
the Grade 2 data. This conflicted with the nonsignificant main analysis. However, with
the exception of the January and April Grade 7 data no evidence of gender differences
was evident in other grades. This conflict prompted further research to determine which

analysis was accurate. The 7 test this researcher determined there were gender differences
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in the Grade 1 data and the October and January Grade 2 data. According to the ¢ test, no
gender differences existed in other grades. Effect size and ¢ test results indicated that
gender differences did exist for Grade 1 and Grade 2. The results for these two grades
rémained in conflict with the main analysis. The Box M test producing significant results
p <.001 at Grade 2 may have been an indication that the analysis for this grade was not
accurate. The ¢ test, effect sizes, and repeated-measures ANOVA provided evidence that
no gender differences existed for Grades 3 to 6. Effect sizes showed a small gender
difference for January and April norming periods of Grade 7. In contrast, the main
analysis and 7 test both indicated no Grade 7 gender differences. From the direction
calculated for each effect size it is evident that one gender is not consistently favoured
over another in math. However, the gender differences noted for Grades 1 and 2 from the
t test and effect sizes consistently favour boys. Thus, this researcher concluded that
gender differences in favour of boys exist only in Grades 1 and 2 but gender differences
do not exist within Grades 3 to 7.

Several aspects of this study appear to contradict other research. Existence of
significant gender differences at-the early primary grades contrasts with the findings of
other studies. Leahey and Guo (2001) determined that elementary students have equal
starting points. This is not what the evidence from this study shows. On the other hand,
Cole (1997) found a slight increase in gender differences from Grades 4 to 8. Again, this
contrasts with the findings of this study, which found differences in the early primary
grades but not Grades 3 to 7. Many researchers suggested the concerns surrounding
gender differences exist as students reach secondary school. This study did not

investigate students in secondary grades so it is not possible to confirm the results found
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for secondary students but trends in the data do not indicate an increase in gender
differences as students reach higher grades. Another contradiction is the research by Hay
et al. (1998) and Beaton et al. (1996) who found gender differences favour girls.
However, this researcher did not find either gender consistently favoured. In addition,
with the exception of Grades 1 and 2 the effect sizes are trivial and therefore the size and
direction is not important. Thus, several contradictory rgsults exist between this research
and that of other studies.

For SD57 the results of this present study for CBM math are different from the
gender differences discovered by Hedekar (1997) and MacMillan (2000) for CBM
reading and writing fluency. They found consistent gender differences at all grades,
which disagrees with this study. This study only found gender differences at Grades 1
and 2. Whereas in this study the gender differences for Grades 1 and 2 favour boys the
results is that Hedekar (1997) and MacMillan (2000) found girls were fayoured in their
study in all grades. However, without further investigation, it is impossible to conclude
whether the differences are due to the subject matter or because a change in gender
differences has taken place in the same school district within a few years.

For Grades 3 to 7, this study confirms the results of research which did not find
evidence of gender differences. Ma’s (1999) results show no gender differences in Grade
7. Willingham and Cole (1997) also agreed with the findings that gender differences in
math do not exist. Despite contradiction with some research, there is agreement among
some research and the results of this study.

This study is prolonging the debate surrounding the existence of gender

differences. Finding evidence of gender differences at Grades 1 and 2 is not supported by
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other researchers. However, the confirmation by effect sizes and f test indicate that it
exists. The evidence from this study suggests that concern on gender differences at the
higher grades is misplaced, and educators should be concerned about the gender
differences that favour boys in the early primary grades. Hence, for this study it can be
concluded that gender differences in math do exist in Grades 1 and 2. These results
indicate that in early primary grades males will outperform females in math achievement.
In contrast, the evidence from the main analyses, effect sizes, lack of consistent effect
direction and ¢ test verify the conclusion that gender differences do not exist at Grades 3
to 7. Even if they previously existed for Grades 3 to 7, they are no longer evident.
Presently therefore, neither boys nor girls in Grades 3 to 7 have an academic advantage in
math.

Relative-age differences. This study did not find relative-age differences in math.
Within the main analysis, Grade 3 produced the only significant relative-age difference.
" All other grades produced nonsignificant results. This indicated no consistent relative-age
difference trend or pattern. Further analysis of these resulté using effect sizes confirmed a
lack of consistent results with most effects less than small. The few small effeét size
results were not consistent within a grade, relative-age, or norming period. Nor did the
small effect size results show evidence of a pattern. This lack of relative-age differences
was further confirmed by the # test, which did not ﬁnd.a consistent significant difference
within a grade, relative-age, norming period or evidence of a pattern. Hence, the result of

this study fail to demonstrate consistent relative-age differences exists.
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These results confirm research indicating a lack of relative-age effect influencing
academic achievement. This research agrees with the findings of Gredler (1992) and
Bickel et al. (1991) that relative-age differences are not an issue.

Hedekar (1997) and MacMillan (2000), using reading and writing data from the
same school district also found no evidence of gender differences. For SD57 this is good
news. Relative-age differences were not evident for reading and writing, nor are they
evident for math. This research therefore is not isolated in its findings.

This study disagrees with the findings of other researchers. Gullo and Burton
(1992) found relative-age was one factor predicting academic achievement for pre-first-
grade students. This study does not agreé with Bisanz et al. (1995) who found relative-
age does influence conservation of number for Kindergarten and Grade 1 students. Nor
do the results agree with the research on sport achievement. Glamser and Marciani (1992)
and Boucher and Mutimer (1994) discovered relative-age impacts achievement in sports
up into adulthood. In comparison to sports, relative-age is not affecting academic
achievement at any elementary age. The research in the field of science by Bell and
Daniels (1990) also contradicts the results of this study on relative-age. For much
research, the results showed relative-age does play a role in achievement.

The lack of relative-age difference adds to the research stating it has no effect on
math achievement. These ﬁndings add to the controversy surrounding the influence of
relative-age on achievement. However, for present time these results demonstrate
relative-age is not a factor influencing math achievement.

Gender and relative-age interactions. Initially the evidence indicated only one

significant interaction in Grade 7 was evident in the data. However, the p value of .11
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from the Grade 1 results made it a value of interest. This factor, along with the significant
Box M result for Grade 2, prompted further investigation. This investigation showed an
interaction is evident at Grade 1 and 2 between gender and relative-age. From the
interaction graphs for Grade 1 students it was evident that the oldest students were most
impacted the interaction with gender. In contrast, the young students in Grade 2 were
impacted by the interaction with gender. This reversal of which relative-age is impacted
most by the gender interaction indicates that a consistent effect is not evident.
Observation of the effect sizes confirms this lack of pattern not only for Grade 1 and 2
but also for Grade 7 students. Therefore, the lack of evidence of consisfent interaction or
pattern indicates that a gender and relative-age interaction is not evident.

This lack of gender and relative-age interaction is not new to other researchers.
Hedekar (1997) also noted a lack of gender and relative-age interaction in the CBM
reading and writing data from SD57. Gullo and Burton (1992) also did not find an
interaction for relative-age and gender. Hence, research agrees about the lack of
interaction between gender and relative-age. Educators therefore do not need to be
concerned that the combination of gender and relative-age of a student will impact the
student’s math achievement.

Effect size comparisons. Comparison of effect sizes indicated the existenge of
similarities and differences between the results of this study and that of other researchers.
The first effect size comparison discussed will be that of CBM reading and writing. Then
effect size comparison with other math research is considered.

It was evident substantial differences exist when the results of this study were

compared with the CBM reading and writing (WSC) results from Hedekar and
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MacMillan (personal communication, January 30, 2002). As described in Chapter Four,
CBM math results do not consistently favour one gender over the other. In addition, most
CBM math results are trivial in size. In comparison, all CBM reading effects favour girls.
With two exceptions the magnitude of the CBM reading results are larger than the CBM
math results. As with CBM reading, the writing results consistently favour girls. Except
for Grade 1, all CBM writihg results are larger in magnitude than for CBM math. In fact,
some CBM writing results reach a medium size result. This is a much larger effect that
than the trivial CBM math effects. Effect sizes are therefore significant and consistent in
CBM reading and writing but aré not significant in CBM math. The effect sizes results
are a further indication that consistent gender differences were not apparent in the CBM
math results but were in the CBM reading and writing. Hence, gender differences in math
are not a concern.

Comparison of thé CBM math effect size results with other researchers provided
information regarding how different the results of this study are with other findings.
Even though the ongoing gender debate indicates cause for concern regarding gender
differences, comparison of the effect sizes provides another viewpoint. Three of the effect
sizes chosen for comparison from this study show a small effect size magnitude. All
others were trivial in magnitude. The effect sizes of all other researchers reported in this
study were trivial in magnitude. All but two researchers showed a trivial effect favouring
boys. Comparison of the results of this study and other researchers leads one to conclude
that at Grade 4 the magnitude is identical. At Grade 7 the effect size of this study is
slightly larger but not by a substantial amount than all other researchers. Therefore, it is

possible to consider the effect sizes at Grade 7 of this study as similar to those of other
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researchers. A similarity between this study and other researchers is the inconsistent
pattern favouring one gender over the other. While some effect size results of this study
might be slightly larger than other researchers, they do not appear to be substantially |
different. Therefore, the effect sizes of this research are similar to the results found in

other math studies.

Performance Group Differences

Performance group investigation found a lack of significant gender, relative-age
or interaction differences for both high and low performing students. Changing the
definition of high performing from above the 75th percentile to above the 90th percentile
did not change the results. The same was true for the low performing group whether
defined as below the 25th percentile or below the 10th percentile. These results appear to
disagree with several other researchers. Fan (1995), Royer et al. (1999), and Kleinfeld
(1998b) all found evidence of gender differences among high performing students.
Kleinfeld (1998a) reviewed a variety of measures and found gender differences in the top
10% of the students. This researcher, on the other hand, did not find differences among
the top performing group at either above the 75th percentile or the 90th percentile.

A further difference between the results of this study and other research is the
ratio of males to females fouﬂd in the high performing group. Willingham and Cole
(1997) found a ratio of .70 females to males. This differs from the Grade 7 ratio of 1.00
calculated by this researcher. Hedges and Nowell’s (1995) ratio of 1.64 males to females

for the top five percent also contradicts the findings of this present study. This present



125

study suggests educators need not be concerned that fewer girls than boys are among the
high achievers.

The findings of this research confirm those of Mullis, Martin, Fierros, et al.
(2000) which indicated a significant difference did not exist between students in the top
25% of students. Because evidence if a gender difference between high performing
students does not appear to exist, educators do not need to implement techniques to try to
close the gap between the genders. Therefore, differences in performance groups are
nonexistent.

Investigation of the ratio of students in the low performance group found the
results were not in agreement with other research. Kleinfeld (1998b) noted three to four
times more boys have learning disabilities. Consequently, more boys are at the bottom
ability group. The results Qf this present study did not find a consistent pattern or trend in
the ratio of students in the low performance group. Hence, this research indicates gender
differences do not impact math achievement in the iow performance group.

To determine if there is a further reason to be concerned about high performing
students examination of relative-age differences in high performing students provided the
opportunity. This study did not find a significant relative-age effect for performance
groups. Nor did it find an interaction for gender and relative-age for any of the
performance groups. Therefore, Sweeney’s (1995) results contradict the findings of this
study. It is not necessary for parents and educators to be concerned that the gender,
relative-age and performance group determines the success of a student. Hence, educators

do not need to address gender and relative-age differences in performance groups.
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Grade Retention

Most retained students did not do as well in a grade below what was appropriate
for their age, as did the students in the same grade who were the correct age for the grade.
Although the reasons for retaining students is unknown, the strategy of retention is not
providing students with the opportunity to obtain the same scores academically as their
peers who are in the apprdpriate grade for their age. More boys than girls were in the
retained group. The results of this study agree with other researchers that retention has a
negative impact on students (Foster, 1993; Owings & Magliaro, 1998; Shepard & Smith,
1987). The lower mean CBM math scores obtained by retained students demonstrates
that retained students have lower performance than their age appropriate peers in the
same grade. Grade retention is a strategy that does not guarantee student success. This
study demonstrates that male students, struggling academically in the grade that is
appropriate for their age do not become a high or even average academic achiever when
retained in a grade below what is appropriate for their age.

The results of this study suggest grade retention fails to address ways to assist
students who are struggling academically. Hence, parents and educators should not
recommend grade retention as a solution for students who are not experiencing academic

SuUcCCess.

‘Limitations of the Study
There are several limitations influencing the results of this study. Discussion
regarding the limitations is in two sections. First, the limitations of the inter-rater study

will be addressed. Then, the researcher examines the limitations of the main study.
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Inter-Rater Study

Several limitations existed in the inter-rater study. In order to provide all markers
with the same probes they experienced the disadvantage of marking photocopies rather
than original papers. Therefore, it was not possible to investigate factors affected by
marking original work. In addition, two factors limited the selection of probes the
researcher had to choose from for the inter-rater study. First, not all schools had sent in
the probes of the students who participated in the CBM math norming project. As a
result, the selection of probes was limited to the probes received. Secondly, probe
selection was further limited due to the marking techniques used by some markers.
Probes were eliminated from being selected for fhe study if the marker put marks over the
student answers in a manner that made it impossible for the researcher to white them out
and photocopy the probe while maintaining the integrity of the students’ answers. The
inter-rater study provided a wide selection of marking differences to examine. However,
due to limitations of the study there were factors the researcher did not investigate. The
researcher did not investigate the following issues for the inter-rater study:

1. Marking of erased or faintly written answers. Due to the need to photocopy
marker packages from the student norming probes, original probes were not
marked by the markers and it was necessary to ensure all probes used would
consistently be readable when copied.

2. Rule 6 regarding reversed digits was not investigated as no réverse digits were
evident in the probes chosen. This would be more apparent in probes completed

by early primary students.
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3. Rule 7 regarding rotated digits was also not investigated. As with Rule 6 there
were no rotated digits on the probes.

4. Several of the issues causing marker discrepancies do not generalize to markers of'
all CBM math probes. Probes for many of the earlier grades do not possesé the
type of questions, which produced marker discrepancies. Conversely, if potential
issues causing marker discrepancies for younger grades exist, this study was not
aware of them.

5. Marking a sampling of the six different Grade 7 probes at one time opposed to
marking a multiple number of the identical probe may have contributed to marker
discrepancies. When marking the same probe several times a marker becomes
familiar with the challenging questions to look for, and the typical number of
questions completed by a high or low performing student. Markers can also
compare scores aﬂd the questions answered when marking multiples of an
identical probe. It is possible therefore, that'marking package containing a
sampling of all six norming math probes reduced the familiarity markers develop

which assists in decreasing marking differences.

Although, many limitations existed in the inter-rater study it provided valuable
information regarding marking differences between markers of the CBM math probes.
Limitations, which remain a concern for markers and developers of CBM math probes,

could be investigated at another time.
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The Main Study

Within the main study several limitations are apparent. A limitation may have
contributed to the lack of gender differences in the performance groups. As the CBM
math probes test math computation only, they do not test students’ ability to apply the
calculations to problem-solving activities. Whereas average or low performing students
often struggle with problem-solving and application questions these are often the type of
questions at which high performing or high ability students excel. Without high-level
application questioﬁs on the CBM math probes to provide this technique to separate the
high performing students from other students, fhe performance group analysis may have
been limited in the ability to successfully identify high performing students.

Comparison of the results obtained with the CBM math probes and other

achievement tests has yet to be undertaken. Therefore, because only one testing

instrument is used, the evidence produced from the study may be limited to computation

- tasks. Comparison of other test results to the CBM math study, with the same students

would indicate whether the results of this study are limited to this specific testing
resource or generalize to all types of testing Tesources.

A further limitation of this study revolves around the students selected to
participate in the study. All transient students were removed from the CBM norming
sample for this research. If transient students represent a sub-group of students with
specific characteristics different from the rest of the population, they are not represented
in the larger population chosen to participate in this study. Thus, it is unknown at this
time if the results of this study generalize to transient students or if they represent a

population with different characteristics.
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Although, limitations are evident in this study it remained a worthwhile
endeavour to determine gender and relative-age differences in math, which may exist
between students in SD57. In addition, the insight provided by the inter-rater study into
the marking of the CBM math probes reduces suspicion regarding their potential

usefulness for measuring and comparing student progress.

Implications for Future Study and Practice

This section considers the ifnplications of this study as it relates to inter-rater
reliability, gender and relative-age differences, performance groups, and grade retention.

The inter-rater correlation mean of .98 for the CBM math norms confirmed a high
degree of reliability for the markers of the probes. This indicates that it is possible to train
a large number of teachers to accurately administer and mark these assessment tools. The
findings of the inter-rater study indicate educators can confidently utilize the CBM math
norms. Results of the CBM math norms are no longer suspect to unreliable marking
practices. Thus, educators can explore further ways to implement the CBM math norms
as part of their everyday educational practice and as an alternate assessment tool.
However, educators are reminded that the probes created for the CBM norms do not
cover all aspects of the mathematics curriculum. In SD57 effective mathematics
assessment covering all aspects of the curriculum would require additional assessment
tools beyond the CBM math norming probes.

Further inservice addressing the limitatioﬁs of the inter-rater study would serve to
increase the marker reliabilitv. This would ensure CBM measures used to assess and

monitor student progress are not influenced by marker differences. Future research could
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determine three issues regarding inter-rater reliability. The first concern would examine
how additional inservice changes marker reliability for educators who received the initial
training. Another issue to investigate is the reliability of markers, presently using CBM
measures that did not attend the school district inservice. A third question to examine is
how the reliability of trained markers compares to markers with informal or no training.
As the use of CBM math measures increases among educators, these future research’
questions are worth investigating to maintain a high degree of marker reliability.

There is one popﬁlation not investigated within the analyses of the main study.
Elimination of students who were missing at least one CD score were eliminated from the
norming sample for the analyses of the main study. Either these were transient students or
students who were absent during the testing time. Transient students are students who
move at least once during a school year. These students did not make up part of the
sample for the main study. A total of 181 students were eliminated for missing data.
However, not enough students were present in each grade and norming period to
guarantee a robust analysis (Tabachnick & Fiddell, 2001) as 11 out of the 18 cells would
have fewer than 20 students. In addition, information regarding a student’s abéence was
unavailable to determine if the missing data was due changing schools or another reason.
Therefore, it was not realistic to perform this analysis. A direction for future research
might investigate how these students compare with students who remain at the same
school for the whole year. Presently, it is unknown if and how transient students compare
to the rest of the student population. Without researching this information, it is difficult to
determine if transient students require a different focus or assistance from the other

students.
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Educators in SD57 have now had access to the CBM math norms for almost two
years. Many aspects regarding CBM math norms remain unidentified. Their
implementation and use in each school is unknown. Nor has their concurrent and
predictive validity been determined. SD57 has not undertaken research to determine how
they compare to other math assessments, standardized tests, teacher, school, or district
created tests. Researching these issues would provide evidence regarding the usefulness
and validity of CBM measures.

Results frorﬁ the main study provide educators with confidence that gender
differences between students are not a concern in Grades 3 to 7. F indings of main
analysis demonstrated gender differences exist between males and females in Grades 1
and 2 in math achievement. Although the results from subsequent grades indicate females
catch-up, the cause of this difference was not determined. Gender differences evident in
Grades 1 and 2 in favour of boys will need to be addressed. In addition, it may be
worthwhile to invéstigate interventions that assist females and males to equally reach
their academic math potential in Grades 1 and 2. A future focus could investigate causes
of the difference. Alternatively, since girls catch-up td boys in later grades, ignoring this
- difference does not predict future failure.

Relative-age differences often thought to impact younger students in the
same grade are not an issue requiring infefvention. No advantage was found to being one
of the older, average or younger students in a grade. Consequently, educators do not need
to pursue interventions to addfess this issue.

Although this study did not find pérformance group differences, this issue cannot

be forgotten. Investigation of this concern should continue utilizing assessment tools
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requiring high-level problem-solving skills. CBM techniques could be considered if high-
level problem-solving and application skills can be utilized as part of the assessment.
Then if further research indicates no gender or relative-age differences are evident in
math achievement, concern regarding performance group differences will not be
necessary. According to the results of this study, one gender is not outperforming another
in any of the performance groups. Thus, interventions are presently not required to assist
one gender over the other in one or more of the performance groups.

As this study indicates, grade retention is not a successful technique to guarantee
academic success for students. The issue of grade retention requires exémination to
establish why grade retention is considered for students. In addition, investigation could
determine why more boys experience grade retention more than do girls. As grade
retention does not lead to successful math achievement alternatives require exploration.

This study attempted to answer questions regarding math gchievement for
elementary students. Research might now determine if secondary students replicate the
results found for elementary students within the same school district.

While providing answers to questions regarding CBM math this study has also
created more questions for consideration. Attempts to answer any of these questions will
provide educators with further information regarding the implementation and use of
CBM math and the state of math differences between students.

For the moment, CBM math norms can provide educators with the confidence
that few differences exist between students according to gender, relative-age and

pérformance groups. The differences that exist are minimal. Gender differences for
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Grades 1 and 2 soon disappear. The grade retention results were anticipated and

reconfirm what research has previously indicated.
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result information that discusses gender differences, and
relative-age especially for math.

Does this give you the info you wanted to know?
Thanks for your help. BJ

>>

>>Norm

>>

S>m—m——— Original Message-----

>>From: BJ Foulds [SMTP:BJ Foulds@fc.schdist57.bc.ca]
>>Sent: Wednesday, November 22, 2000 12:29 PM
>>To: Norm Monroe@fc.schdist57.bc.ca
>>Subject: thesis topic

>>

>>Hi Norm

>>

>>A few weeks ago I sent a letter to you via school mail.
I was requesting permission to use the CBM Math norming
results for my thesis topic. The plan is to do gender
differences and relative-age. Since I have not heard back
I am wondering if you received the letter. If so, do you
think I will be receiving a favourable response? I am
ready to begin writing my

>>proposal so I am wondering if my topic will be a go.

>>

>>Thanks for your help.

>>

>>BJ Foulds

>>Heather Park


mailto:Norm_Monroe@fc.schdistSV.be.ca
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and
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Data Collection o

Data for this project were collected from all 52 elementary schools in School District
#57, Prince George. The sample for this study comprised approximately 20% of the
students from each grade level (1-7). Personnel from each school received training on
how to select students, how to administer and score the probes, and how to record and
submit the data.

Schools used the Student Selection/Probe Sequence table (included in the handbook) to
determine how many students to include. The data indicates that schools accurately
selected the correct number of students. The number of students by grade for each
norming period is shown in Table 1.

Table 1

Number of Students by Grade

Grade October | Percent | January | Percent | April Percent

1 282 14.55
2% 278 16.66 278 16.76 275 14.19
3 280 16.79 277 16.69 279 14.40
4 278 16.66 276 16.64 274  14.14
5 281 16.85 276 16.64 277 14.29
6 276 16.55 277 16.69 276 14.24
7 275 16.49 275 16.58 275 14.19
Total 1668 | 100.00 1659 | 100.00 1938 | 100.00

*One Grade 2 student was removed from the data file. His scores were problematic;
however, his school had not returned the hard copies of the probes, so verification was
impossible.

The instructions in the handbook indicated which probes were to be administered at each
school. The data in Table 2 suggests that the group of schools that administered Probe 3
in October, Probe 4 in January and Probe 5 in April had a slightly larger group than was
expected.

Table 2

Number of Students by Probe

Probe October | Percent | January | Percent | April Percent

1 277 16.61 273 16.46 310 16.00
2 290 17.38 250 15.07 319 16.46
3 300 17.98 286 17.24 326 16.82
4 258 15.47 327 19.71 336 17.34
5 268 16.07 257 15.49 346 17.85
6 275 16.49 266 16.03 301 15.53
Total 1668 100.00 1659 100.00 1938 100.00
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Probes were administered to the selected students in October, 1999, January, 2000 and
April, 2000. The data collected were recorded at each school in a FileMaker Pro database
file that was then forwarded electronically to Bonnie Chappell at the school board office.
In Mayj, all hard copies of the administered probes and summary data collection sheets
were also forwarded to the school board office. (Some have not yet been returned)

The individual files from each school were compiled into one large file and forwarded
electronically to Gail Walraven. The data were screened and cleaned before being
transferred into the SPSS computer program for data analysis. Several copies of both the
FileMaker Pro file and the SPSS file have been made and are in different locations to
prevent loss of or damage to the data.

Problems in the Analysis

One school (School X) forgot to administer the April probes. They were not administered
until June and this held up the final compilation of the data file. A decision had to be
made as to whether data from School X would be included in the creation of the norms.
The means at each grade level across all probes administered in April were compared for
all schools and for all schools except School X. The results are recorded in Table 3.

Table 3

Comparison of April Means

Grade All All But
School X

1 15.12 14.91

2 31.87 31.53

3 36.95 36.50

4 36.66 36.02

5 38.68 38.85

6 58.27 58.25

7 58.68 57.71

Based on the comparison of the means in Table 3, the decision was made to include the
data from School X as there was not a significant difference in the means.

Demographic Analyses

The total sample consisted of 2038 students from 52 schools. There are 2039 records in
the data set as one student is listed at different schools in different norming periods.
Schools with students in the French Immersion or Montessori programs selected a
random number of students from within these programs and submitted these data for
these identified students in addition to data for students enrolled in their regular program.
Grade 1 students were tested only in April. Most of the students in the sample were tested
in all three norming periods. Some students were present for only one or two of the
norming periods. Table 4 depicts this information.



Table 4
Students Present at Norming Periods
October | January | April Total
\ \ N 1557
v 317
v 50
v v 49
v v 48
V R 13
v 5
2039

All records submitted had complete data for gender. The data in Table 5 shows that
slightly more males than females are included in the sample. This ratio of male and
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female students is almost the same as the ratio for the reading and writing norming study

conducted by School District 57 in 1995-1996.

Table 5

Number of Students by Gender

Gender Number Percent
Female 997 48.9
Male 1042 51.1
Total 2039 100.0
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TECHNICAL REPORT — NORMING RESULTS
CBM (MATH) PERCENTILE SCORES

Smoothing

A manual smoothing process was used to create both the norming tables and the charts.
Original, unsmoothed data are presented in the first set of percentile tables. This is the
raw data. Data presented in both the norming tables and the charts have been smoothed.
These are to be used to match a student’s raw score to a percentile rank. Growth is
indicated at all grade levels between norming periods. Growth is generally greater
between fall and winter than between winter and spring. Also the amount of growth
between norming periods is greater for the younger grades. The greatest amount of
smoothing was required in Grades 6 and 7 where winter scores were higher than spring.

GRADE ONE PERCENTILE SCORES — RAW DATA

Above Average

Below Average

Number in Sample

N.B. Grade One students were tested only once, during the Spring norming period.
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GRADE TWO PERCENTILE SCORES —RAW DATA

€

Number in Samp |
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GRADE THREE PERCENTILE SCORES —RAW DATA

Above Avera

Below vra e
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GRADE FOUR PERCENTILE SCORES — RAW DATA

5 RV

Description

€

Number in Sample '
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GRADE FIVE PERCENTILE SCORES — RAW DATA

Number in Sample
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GRADE SIX PERCENTILE SCORES ~RAW DATA

ercentile

€

Below Average

Number in Sple
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GRADE SEVEN PERCENTILE SCORES — RAW DATA

Belo Average

Number in Sple
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APPENDIX A:
SUMMARY RESULTS
Descriptive Statistics

Grade One Results

Mean S.D. Min Max Skew Kurtosis
Fall - - - -
Winter - - - - - -
Spring 15.12 1028 0O 63 1.69 3.93
Grade Two Results

Mean. S.D. Min Max Skew Kurtosis
Fall 13.90 10.29 0 59 1.41 2.42
Winter 25.14 13.73 1 77 0.76  0.68
Spring 31.87 15.18 1 80 0.27 -0.23
Grade Three Results

Mean S.D. Min Max Skew Kurtosis
Fall 21.20 12.10 0 56 0.62 -0.05
Winter 30.86 13.33 0 66 0.30 -0.62
Spring 36.95 14.41 0 81 0.12 -0.35
Grade Four Results :

Mean S.D. Min Max Skew Kurtosis
Fall 19.38 10.49 1 71 0.87 1.67
Winter 31.74 15.89 1 87 0.61 0.20
Spring 36.53 17.95 0 134 0.89 2.49
Grade Five Results

Mean S.D. Min Max Skew Kurtosis
Fall 22.23 11.54 1 . 82 1.16 2.42
Winter 34.45 16.48 5 98 0.68 .80
Spring 38.70  18.76 0 102 0.53 0.13
Grade Six Results

Mean S.D. Min Max Skew Kurtosis
Fall 43.41 19.03 5 102 0.75 0.32
Winter 55.47 21.33 13 124 0.55 0.06
Spring 58.27 23.93 7 129 0.45 -0.24




Grade Seven Results
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Mean S.D. Min Max Skew Kurtosis
Fall 47.54 - 23.15 4 132 0.61 0.38
Winter 55.36 24.96 8 148 0.58 0.47
Spring 58.68 24.97 5 159 0.53 0.75
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Technical Adequacy

Previous research done on CBM measures of reading fluency and written expression has
reported that CBM measures have demonstrated stability over time and across testers.
School District 57°s 1995-1996 norming project for reading and written expression
endorsed this.

However, very little research has yet been done on CBM in math. The results of the
Pearson Correlation in the following table for correct digits scored compared between
norming periods are stable. They indicate stability over time (6 months), and equivalence
of the probes. As stability is present across groups, it can be assumed that results would
be stable for an individual student.

This is evidence that the probes are indeed measuring mathematics computational skills.

Correlations across Norming Periods

Pearson Correlation for Correct Digits Scored
Scores between Norming Periods

Grade I' Oct-Jan I jan-Apr T Oct-Apr
1 —_— _— J—
2 71 73 .63
3 g1 74 .65
4 .68 74 .65
5 53 .63 .59
6 58 .69 45
7 .68 73 .60
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Analysis of Probe Difficulty

The analysis of probe difficulty is of prime importance in this project. If the probes are
not of similar difficulty, they cannot be used to assess student progress. If a student were
to be tested using an easier probe after a more difficult one, the measure of the progress
would be exaggerated. Conversely, an underestimation of progress would occur if a more
difficult probe were used after an easier one. Four techniques were used to analyze the
probes for difficulty. '

The probe difficulties for each grade level were examined using a one way ANOVA.
This was followed by the Scheffé post hoc comparison using a < .01, if the ANOVA
omnibus test results indicated significant differences. This procedure was selected as it
will provide a relatively low number of false positives. It is not as likely to claim probes
are of different difficulties when they are in fact of equal difficulty. Where significant
differences were found, the probe order was compared across norming periods. Probes
are considered to be candidates for being different only when the same probe is
consistently found to differ in a consistent manner from the other probes at that grade
level. Finally, probes were subjected to a very conservative test for evidence of probe
differences. Box plots of the probes for each grade level were examined for lack of
overlap.

In the following tables, the notation “ns” is used to indicate no statistically significant
differences, while the notation “sig” is used to indicate significant differences have been
found using the Scheffé post hoc comparison. A short interpretation is provided after
each table. '



Probe Difficulty

Table 1 :
Math Probe Differences
Grade 1 Probe | Probe | Probe Mean Mean Mean
CD OCT | JAN | APR OCT JAN APR
ns ns
2 12.43
3 13.90
5 14.41
6 15.47
4 15.94
1 18.78
No probes were judged significantly different at the Grade 1 level.
Table 2
Math Probe Differences Across Norming Periods
Grade 2 Probe | Probe | Probe | Mean Mean Mean
CD OCT | JAN | APR OCT JAN APR
sig sig ns sig sig ns
1 3 6 11.26 18.94 28.42
4 2 3 12.00 22.74 29.00
2 5 4 12.73 24.23 30.38
3 1 2 13.22 24.80 31.73
6 4 5 13.76 29.58 33.14
5 6 1 20.77 29.77 38.77
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No probes were judged significantly different at the Grade 2 level. Probe 5 appears to be
significantly easier than the others in October; however this does not hold over the other
two norming periods.

Table 3
Math Probe Differences Across Norming Periods
Grade 3 Probe | Probe | Probe | Mean Mean Mean
CD OCT | JAN | APR OCT JAN APR
sig sig sig sig sig sig
4 5 6 14.51 26.95 31.05
1 2 2 15.48 27.09 34.42
6 1 4 19.78 27.24 36.73
5 4 5 23.09 28.51 38.38
2 6 3 26.18 36.36 39.51
3 31 1 27.14 39.00 41.11

No probes were judged significantly different at the Grade 3 level.



Table 4

Math Probe Differences Across Norming Periods

Grade 4 Probe | Probe | Probe | Mean Mean Mean
CD OCT | JAN | APR OCT JAN APR
ns sig ns ns sig ns
2 5 3 18.33 25.86 31.42
6 3 6 18.46 27.94 34.67
5 2 5 18.51 30.12 35.72
3 6 2 19.38 34.07 36.85
4 4 4 20.32 34.38 37.72
1 1 1 21.40 37.20 42.89
At the Grade 4 level, it appears that Probe 1 and 4 are consistently significantly easier.
Table 5 .
Math Probe Differences Across Norming Periods
Grade 5 Probe | Probe | Probe Mean Mean Mean
CD OCT | JAN | APR OCT JAN APR
sig sig sig sig sig sig
5 5 5 15.62 27.58 31.16
1 3 3 ~20.69 31.50 37.44
3 4 6 21.59 34.60 37.65
2 2 4 23.53 36.07 39.29
6 6 1 25.06 36.73 41.20
4 1 2 26.86 39.92 45.65
At the Grade 5 level, Probe 5 appears significantly easier.
Table 6
Math Probe Differences Across Norming Periods
Grade 6 Probe | Probe | Probe Mean Mean Mean
CD OCT | JAN | APR OCT JAN APR
sig sig sig sig sig sig
5 5 5 35.84 42.74 48.51
4 6 6 37.33 50.96 49.09
6 4 4 40.13 52.98 52.27
1 3 3 45.43 58.02 60.22
3 2 1 49.82 61.68 65.57
2 1 |- 2 50.50 66.82 74.57
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At the Grade 6 level, it appears that Probes 4, 5 and 6 are consistently more difficult than
Probes 1, 2 and 3.



Table 7
Math Probe Differences Across Norming Periods
Grade 7 Probe | Probe | Probe Mean Mean Mean
CD OCT. | JAN | APR OCT JAN APR
sig sig ns sig sig ns
4 2 2 39.14 44.44 52.95
2 5 6 40.46 48.37 54.23
1 3 1 45.37 56.14 57.29
3 1 3 48.80 57.64 57.33
6 6 4 53.95 60.30 63.43
5 4 5 5791 62.60 65.41

No probes were judged significantly different at the Grade 7 level.

Summary of Probe Difficulty
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As indicated in the interpretations of the tables, the strongest evidence of probe difficulty
was at the Grade 4, 5 and 6 levels. However, in examining the box plots for these grade
levels, no lack of overlap was found at the Grade 4 level. A lack of overlap was present

for only one norming period for both Grades 5 and 6. Probes may be judged equal for

Grades 1-3 and Grade 7. The committee may wish to examine the identified probes at the
Grades 4-6 levels. '
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Appendix C
Draft Math Norms Tables for

Curriculum Based Measurement Calculation

(Note: The administration and scoring rules provided with the norms tables are available
in Appendix F with the CBM Math Training Norming Project hand-outs)
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Q School District No. 57
Norms Tables

for

Curriculm Based Measurement
Math Calculation

September 18, 2000
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Development of Curriculum Based Measurement (CBM) Norms
in School District 57 (Prince George)

In the spring of 1995, a joint School District 57 - University of
Northern British Columbia (UNBC) project to develop local CBM
norms at the elementary level for reading and written expression
was established. Testing procedures, materials and teacher
inservice plans were developed and the norming project was
implemented during the 1995-96 school year. CBM reading and
written expression probes were administered by S.D. 57 teachers to
randomly selected students. A UNBC professor and graduate
student processed the data, developed norms tables and technical
reports. The Guidebook for the Use of Curriculum Based
Measurement in School District # 57 was presented to schools at an
inservice in November, 1996.

Within a few years the need for a similar standardized, norm-
referenced assessment tool in mathematics at the elementary level
was identified. During the spring and summer of 1995, a joint
School District 57 - University of Northern British Columbia
(UNBC) project to develop local CBM norms for elementary math
calculations was developed. A training inservice was held in
September, 2000. Three times during the 1999 - 2000 school year
three CBM math calculation probes were administered by S.D. 57
teachers to randomly selected students. The data were processed,
norms tables and technical reports were created at UNBC.

The math calculation norms tables are being made available for use
in schools starting September, 2000. The norming project probes
and the instructions for administration and scoring should be used
in conjunction with the norms tables. ’

A guidebook for the use of Curriculum Based Measurement - Math

Calculations is under development and will be presented to schools
later this fall. ‘

September 18, 2000
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GRADE ONE NORMS

RSN

P T O R,

25 ] | 8 Below Avera ge |

P,

N B Grade One students were tested only once, dunng the Spring normmg penod
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GRADE TWO NORMS

: CD Description
36 60
T ‘ 48
, Above Average
38

26

v» ‘ Below Avera
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GRADE THREE NORMS

c D
‘ ' 61
53
4 Above Average 7
39

35

30
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GRADE FOUR NORMS

CD ; Description
39 | 69
29 55
47 Above Average
41
36
32

29

Below Average
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GRADE FIVE NORMS

45 ; 72

0 59

28 } ‘ Above Average
45
29
35

30

- Below Average

WO T AT



175

GRADE SIX NORMS

CD ) Description
&4
62 86
74 Above Average ‘
65
59

53

47

Beow Average
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GRADE SEVEN NORMS

CD
86

Above Average
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Appendix D

Sample CBM Math Probe and Answer Key
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Grade 7, probe 1

PEN________ Name ' CDh
15637 (+9) - (-4) = ___ 19 36 721651
-_9859 x 98 47
+12 .

142 + 24.7 = , - (D) = )
.6;7.32 265403 7) - (-2 =—]104+9.12

4i3.48 7T+ =3 10D x(B) = 24 _ (+5)+(-1) = ____
6

School District 57 Norming Project, 1999-2000 page |
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Grade 7, probe 1

587 42 - 158 = ____ 8637 12% x 50 =____ 1794
x 37 =2918 + 256
8437 (+8) + (:2) = _}__x 70 =4900 | (+3)+(+4)=__ 32)608
+35976
2303 174 = % 14 x = 700 3600 + 60 = 20% of 70 = —_—
=1805 —
School District 57 Norming Project, 1999-2000 page 2



Grade 7, probe 1
PEN Name CD
15/
+ 2
15637 (+9) - (-4) = 13 19 36 72)1651
= 9859 or 13 x 98 47 144
57178 /53 2 2l
170 5 144
1262 67
(y) (3) (1) (3) (13) '3'5"
. !
142 + 24.7 =384 P 7/.‘;323 2 4035 -7) - (-2) ==J 10,4+9'127
6 26 a2
7 143
13 130
f E
)
4 a——
(4) G4) (13 () () 137
87
Jaas |7 L3 fenx=l a o esyen =28
33 °
a8
38
[+]
(10) (a) (3) cn 2) 'l

School District 57 Norming Project. 1999-2000

page |

180
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Grade 7, probe 1

587 42 - 158 =261 8637 12%x 50 =_b_ 179.4
x 37 - 2918 + 256
4109 519 Q05.0
17610 or
719 405
C14) 4) (4) «) ) |35
/
8437  [(+8)+ (2) =6 | T0 x 70 =4900 | (+3)+ (+4) =TT 32F;5§2
+5976 or 7 33
14413 YY)
a8
—
() (3) €3) €3) )iz
2303 174 =174 % | 14 x S0 =700 |3600 + 60 = 60(20% of 70 = L4
- 1805
+H98
(3) () (2) (2) (1)
73
page 2

School District 57 Norming Project. 1999-2000
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Appendix E

The CBM Math (Calculation) Norming Training Project, 1999-2000 Hand-outs
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School District #57

Curriculum Based Measurement Norming Project

SEPTEMBER 22 ,1999

Norming Period #1

SEPTEMBER 27, 1999
OCTOBER 4 -15, 1999

OCTOBER 22, 1999

Norming Period #2
JANUARY 17 - 28, 2000
FEBRUARY 4, 2000

Norming Period #3
APRIL 13, 2000
APRIL 17 - 28, 2000
MAY 5, 2000

School District No. 57

TIMELINE

Inservice for Administrators and Teachers

Random Selection of students for project, Grade 2 - 7
Do calculation probes, Grades 2 - 7
Deadline for submitting data via 57Online.

Send student probes organized by grade level to
Sharon Priseman at Central Administration Building.

Do calculation probes, Grades 2 - 7

Deadline for submitting data via 570nline.
Send student probes organized by grade level to
Sharon Priseman at Central Administration Building.

Random Selection of students for project, Grade 1
Do calculation probes, Grades #) 7

Deadline for submitting data via 57Online.

Send student probes and data recording forms
organized by grade level to Sharon Priseman at Central
Administration Building. ‘

CBM Math (Calculation) Norming Project, 1999 - 2000
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Norming Procedures

1. Arrange Students by Grade Level
On September 27, 1999, generate an alphabetical list of students in each grade

{2 - 7). Oun the list, indicate if the student is First Nations, is enrolled in French
Immicrsion or Montessori.

Note: Exclude Grade 1 students during lhe October and January norming
periods. Perform the above steps with Grade 1 students on April 13, 2000.

2. Apply Exclusion Criteria ~
Excludc students fromn the lists who fit under the following categores:
a} Level 1 & 2 ESL students
b) Studcnts with intelicctual disabilities
¢} ‘Other "hard labcled” students (hearing impaired, visually inpaired,
autistic, multiply disablcd)

3. Select Students at Random
For each list of names use the Random_Selection of Students Form to determine
which students from the list correspond with the random numbers gencrated
for that particular gradc level at your school.

1. If the random number is greater than the nunber of names on a list:
a) Count all the names on the list
b) Go to the beginning of the list and continue counting unttl the number
in question is reached - the student name which corresponds with this
number is the student sclected.

2. If the random number corresponds with a student already selected for the
norming sample:
a) Roll a dic
b) If the number on the die is even, the next available student higher on
the list s sclected.
c) If the nuinber on the die is odd, the next avallable student lower on the
list is sclected.

3. Continue selccting students until you have selected the number per grade
assigned to your school. Refer to Student Selection /Probe Seguence Chart.

4. Complete Student Information on CBM Data Recording Form
Record the lnformatlon requested for each student selected on the CBM Math

t { . Use a geparate form for each grade

level. After recordmg the information, double check for accuracy.

School District No. 57 : P-2
CBM Math (Calculation} Norming Project, 1999 - 2000
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5. Administer Calculation Probes
1. During the first norming period, at each grade level, administer the probe

number listed for your school. Refer to Student Selection /Probe Seqguence
Chart. During the next norming periods, administer the next probes in
numerical sequence. (eg. October = probe 3, January = probe 4. April = probe 5)

2. Norming Periods
Refer to the Timeline for information . .

3. Grade 1 students
Grade 1 students are excluded from norming activities during the October

and January norming periods. They are included during the April norming
activities.

4. Use the administration procedures included in this manual.

6. Score Calculation Probes
Use the scoring procedures included in this manual. These scoring procedures

are based on the CBM Training Manual edited by Mark Shinn, Nancy Knutson,
and David Tilly.

7. Record Scores on CBM Data Recording Form
1. After writing this information down on the CBM Math Probe (Calculation]

Data Recording Form , double check it for accuracy.

2. Make and keep a photocopy of the completed recording form.

8. Transfer the information on the CBM Data Recording Form to (.... 57
Online). Organize student probes by grade level and send to Sharon Priseman at

the Central Administration Building.

1. Contact Bonnie Chappell, at the Central Administration Building, if you have
questions or difficulties with the transfer process.

2. At the end of the April norming period, send all data recording forms used in
this norming project to Sharon Priseman at the Central Administration

Buijlding. Organize the forms by grade level.

School District No. 57 p.-3
CBM Math {Calculation) Norming Project, 1999 - 2000
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Student Selection/Probe Sequence

ELEMENTARY Probe # ELEMENTARY Probe 7"
SCHOOLS Aper grade) SCIIOOLS {per ygrade)
Moilee U R : B S {Quinson ) 6 4
Austin Road N 9 T on Brent 5 4
Imsersion R T S T Hotth Nechako 6 4
Vanway G 1 Mountain View 25 4
Springwoud R A R H{aiwin 4 1
Van Bien 1. 5 1 Cential Fort George 3 1
Meadow ST B | 1 Giscotne 2 4
| Seymour N 1 Valemount 6 5
Montessori - lyr.1-4, y1.2=2 1 Hatt Highlands 9 5
Red Rouck .1 1 lieritage 8 5
Dunster X { 1 Peden Hill 7 5
Westwood v 2 Gladslone 6 )
Carmey Hill [E] 2 McBiide Cenlennial 5 5
Beaveily 7 2 Buckhom 4 5
Lakewood . 6 2 Malaspina 8 6
Glenview 5 2 Fouthills 7 6
Fl. Georye South 3 2 Hait Highway 7 6
Edgewood 2 2 Spruceland 6 6
Dome Creek 0 2 Immersion 4 6
Pineview 6 2 Nukko Lake 5 6
Hixon 1 2 Pinewood 4 6
Highglen 3 3 Shady Valley 3 6
Monlessori 5 3 Salimon Valley 2 6
Mackenzie g 7 3
Highland 6 3
Coliege Heights i 5 3
Immersion ‘ 4 3
Southridge 9 3
Wildwood 5 3
K.G.V. English 3 3
Haldi Road 2 3
Mcleod Lake 1 3
Bear Lake 1 4
Blackbuin 11 4
School District No. 57 p-4

CBM Math (Caiculation) Norming Project. 1999 - 2000
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Random Selection Of Students

Students to be used in Norming Sample

Grade 1 10.11. 15, 18, 19, 23, 27, 28, 30, 34, 41

Grade 2 4.5,7, 8, 16, 18. 20, 22, 23, 35, 47

Grade 3 2, 3. 16, 22, 26, 27, 33, 37, 41, 45, 51

Grade 4 4,11, 12. 13. 25. 20{ 30, 39, 40, 43, 50

Grade 5 4.5,7. 18, 20, 21( 23, 28, 34, 36, 42

Grade 6 7,8,12, 13, 15, 19.l23. 28, 30, 39, 44

Grade 7 5.8, 9, 13, 21. 26‘ 37, 39, 41, 45, 53

School District No. 57 p-5
CBM Math {Calculation) Norming Project. 1999 - 2000
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HOW TO INFORM PARENTS OF THE NORMING PROJECT

Suggested Newsletter Insert:
School District #57 will be collecting math calculation samples from elementary
students three times during this school year, once in October, once in January,
and once in April. The data collected will be used to create statisti¢al tables
showing the range of student performance at each grade level. Participating
students are chosen at random and will remain anonymous. If you have
questions, please contact your school principal.

WHAT TO TELL THE STUDENTS ABOUT THE PROJECT

Tell students that School District #57 is collecting math samples from 300 children tn
each grade three times this year, once in October, once in January, and once in
April. These samples will provide informatton about how children in this district
add, subtract, multiply, and divide. All children are chosen at random (explain this if
necessary) and will remain anonymous (explain this if necessary).

WHAT TO DO IF...

A TARGET STUDENT IS AWAY FOR ENTIRE TWO-WEEK NORMING PERIOD:
Record no score for the student. Include the student in the next norming period.

A TARGET STUDENT MOVES AWAY FROM YOUR SCHOOL:

Generate a list of students at that grade level who are new since September 27, 1999
to your school, and randomly select an alternate student. If there are no pew
students at that grade level, randomly select an alternate student from the general
grade level population. Record the alternate student's tnformation on the appropriate
CBM Math Probe (Calculation) Data Recording Form.

School District No. 57 p-6
CBM Math (Calculation) Norming Project, 1998 - 2000
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THE TEACHER WHO ADMINISTERED THE FIRST SET OF PROBES IS
UNAVAILABLE TO DO THE NEXT SET OF PROBES:

Inform School Services 1 month prior to norming period.

A training session for the replacement teacher will be provided.

WHAT TODO IF....

DURING A CALCULATION PROBE, A STUDENT STOPS WORKING BEFORE THE

END OF THE TIME LIMIT: A
Quietly say to the student "Keep working until I tell you to stop.”

DURING A CALCULATION PROBE, A STUDENT COMPLETES ALL PROBLEMS
BEFORE THE END OF THE TIME LIMIT: :
Quietly give the student the "extra" probe for that grade level. The extra probe
will be scored only {f the student has answered all ttems on the first probe.

WHEN SCORING A PROBE, THE STUDENT'S WORK IS HARD TO READ :
Count each digit you can read. If it is not possible to read any digits, CD score
is 0.

YOU HAVE A QUESTION THAT ISN'T ANSWERED HERE:

Phone:
Martha Ottesen (562-8051)

School District No. 57 p-7
CBM Math {Calculation) Norming Project. 1999 - 2000
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CBM Math Probe Data Recording Form in Filemaker Pro /

In order 1o enter the data on the computer form you need to be working on the computer in your school
which has Filemaker Pro installed on it, and 57 Online. Then just follow the instructions below.

Downloading the File from 570nline and Using Filemaker Pro \)
1. Logonto 57 Online (g
2. Open 57 Information Centre e
3. Open Forms and Documents "':-' 3
4. Open message CBM Math Data Collection Form
To save the attachment dick twice on it and then decide where on your computer you want to save i.
5. Open the program Filemaker Pro
6. Open the attachment CBMMathData.fp3

which you saved from 570nline somewbere 0 your computer.
Go to FILE menu, drag down to SAVE COPY AS and rename the file
“YourSchoolName.fp3" (eg. Haldi 3, or Morfee.f63)  Quinson, fp3

b

Setting up to Enter the Data on the Collection Sheet

1. Choose MODE in the top row, pull down and choose BROWSE (if it isn't already)

2. Choose RECORD button in top left below FILE, drag down and choose
SCHOOL. You will see a new layout.

3. Put arrow in white area below the word school in the new layout and click. When
list of school names pops up, scroll down to your school name and click on it.

4. Go back to SCHOOL button in top left below FILE, drag down and choose
RECORD form. You will return to the Record Form Layout.

Entering the Data

If familiar with exporting information from Turbo school, you could export PEN, Student Names,
Grade, Sex, Birthdate, and First Nations information. Then delete the students you don't need.
OR you can enter the data manually.

1. Put cursor in box under PEN and type in Personal Education Number, then press
TAB to move to the next column, student name and so on. Filemaker Pro saves the
data as you go along so you do not need to worry about saving the data. :

2. Type in Student Name, Birthdate (day/month/year), M or F for Sex, Grade, Y if
First Nations, French Immersion or Montessori or leave blank.

3. Then type in the score for the October/ January/or April Probe, and the Probe
Number

4. Continue until all students are entered. If you run out of room and need more
records, go to MODE and select NEW RECORD

Sending data to Board Office

Open 570nline, and open a new message

Send to Bonnie Chappell

Subject CBM Math Data, Your school name

Go up to FILE and pull down to ATTACH FILE

Then go to where you saved the Filemaker Pro File and SAVE it
Send the message! You’re done!
ﬁesamefﬂecanbeusedforthenexxsetofrecordsm.lmnryandApru
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Directions for 5 Minute Administration of Calculation Probes

Materials:
1. Calculation Probes
2. Scoring Template
3. Stop walch .

Directions:

1. Provide the student with a pencil and the calculation probe with the
student's name wrillen on the top of page one. Place the probe face up on
the desk in front of the student.

2. Say these specific directions to the student:

* "The paper on gour desk has several types of problems. Some are...
{name types of problems included on the probe). Look at each problem
carefully to decide whether to add, subtract, (multiply or divide).”

* "When I say begin’ start answering the problems. Begin with the
Jirst problem and work across the page (demonstrate by pointing).
Then go to the next row. Try to do every problem.If you finish one
side, turn the paper over and continue working. If\you finish both
sides, raise your hand. You will have 5 minutes to \york. .Are~

there-any questtons?” (pause) shuck
N ° mw‘b‘f ‘yndsltart e‘7=§stop watch. - %gw

'Begin" an

4. Monitor students to ensure they work across the page and do not skip ‘
around or answer only specific problems. If they do, say "Be sure to work
across the page. Try to do every problem.” .

Note: If a student completes every problem on both pages before the 5
minute tinte Umit, glve the student the "extra” probe for that grade level.

5. At the end of 5 minutes say, "Stop. Put gour pencil down."

A And oA G Bazed M 1902,
M. Shinn. N Knutson, and W. Tuty Uit

School District No. 57 :
CBM Math (Calculation) Norming Project, 1999 - 2000
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Scoring Rules for Math

Correct Digits. Credit is caned for cach digit that is comrect within a student response. For case of
scoting, wixlerline all correct digits used to work out longer problems.

S - ]. l Sl I:“l annnnsn I 4
8 8
+8 +8
16 (2) j6 (2
19 19
=5 =5
9 9
x8 x8
72. (2) 6a (1)
12 (@) . 1% (z)
12)144 12)144

Rule 1. Incomplele Problems. When a student has not compicted a problem, credit is
eamed for the correct digits written.

Scoring Template Student Responsc
32 32
x13 x15
160 169 (5)
320 32
480 (9) -




194

Rule 2. Crossed-Out Problems. I the snudemt has crossed-out a problem, credit is carned
fur the conect digits wiitien.

Scuting Tomulate .
12 ‘

12
x14 4
q
12
16

e

(8) ()

723 6713
-564 _ -564 )
159 (3) 159 (3

Rule 4. Alignment for Correct Auswers. If the answer is correct, the digits do not have to
be correctly aligned to eam full aedit

Scoring Teniplate Stwdent Response
15 15
x12 . x12
30 /4
150 159

180 (8) | 787 (%)

62 62
~ 435 +35
97 (2) q7 ()



_25 (9) 5 (9
15)375 15)%73
30 39
7 —_— -
) 2]
/5
Al
4

Rule 5. Alignment {or Incorrect Answers. If the answer is incotrect, the digits must be
currectly aligned 10 cam credit for each digit.

15 15
x12 1
150 UxXo
wo®  Tro ()
62 62
+
_39% L (2) 32 (1?
&7 .
_25 (%) A6 (%)
15)375 15)375
a0 3¢
15 ==
1 75
70

195



ftule 6. Reversed Digits. Reversed digits are counted as conect.

Scotiog Temnlate Student Responsc
22 22 .
54 (2) 5 2

Rule 7. Rofated Digits. Rotaicd digits arc counted as correct, with the exception of 6 and 9.

Scoting Tomplate Swident Responsc
61 61
+25 : +
86 (2) 9 ’7 (1)
22 22
+40 +40
62 (2) , /593 (2)

Supplemental Rules for Muitiplication and Division

:m:e su Longe t Metlfml(ll. rle"gr ‘;orrc'::t answers to division probicms that are not basic
acts, the student earns fu It for the “longest method”
- rtudent cams ful c or the lget—s me taught to solve the problem,
Scoring Template ‘ Student Responst
_15 (8) ' A5 (%)
9)135 - 9135
9
45
45

0
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Ruote 9. Tlace tlolders. in umitiplication, an “X.” "0,” or “(blank),” that counts as a place
hobder is scored as a conrect digit.

Scuting Template Student Response
347 347
9 219
3123 3147 .
3470 7%
593 (12) A
6597 U
Exception:
Wheun multiplying by a inultiplc of ten or hundred, only the digits in the answer are
scored.
Scodng Templale Student Response
122 122
X300 3300
36600 (5) 000
doo 0

26600
600 O

Rule 10. Rempinders. In division, remainders are scored as correct digits. Zero remainders
arc scored as correct digits., °“\ﬂ oncey

Scoring Template Student Response
1 vz (9
uﬁT%i (7) : 10ﬁH§
10 |6
~-12 —_Ta”'
u i0
f

Rule 11. Decimals When calculation involves decimals, a decimat point must appear
in the correct location In the answer, and iIs counted as a digit.
1.G65 1.65
+ .30 +.30

1.95 4

s (3)

L
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Rule 12. Integers When caleulation involves integers. a positive or negative sign
wust appenr In the correct kocation In the answer, and is counted as a digit.
11 e answer is positive, credit Is stll given If the (+) sign Is not written.

Scoging Template Student Response
6+ 2= 7 42 Sre2i= —] @) |
G2 112 eae2= 1 (2.)
Rule 13. Horizontal format When & problem is presented in horizontal format on a
probe. only the answer Is scored for correct digits.
Scoring Template Studei Responge
Yy
57- 18= 31 () Yrow-37 (2
18
39
21x40= 840 (3) 2yx40= %40 (3)
LI (]

Y0

198
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Appendix F

Inter-Rater Consent Form and Letter
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March 21, 2001
Dear

I am a Resource Teacher at Heather Park Middle School, who is also a graduate student
at UNBC working towards my Master of Education degree in Curriculum and
Instruction. My thesis will investigate Gender and Relative-age Differences in Math
Fluency Using Curriculum-Based Measurement. The thesis data will use the scores
obtained during School District No. 57°s CBM Math Norming Project in 1999-2000.
Permission has been obtained from School District No. 57 to carry out this research.

Another aspect of the thesis will be a study of Inter-Rater Reliability (Marking reliability)
of the CBM Math probes. Many different markers participated in scoring the probes.
Validity of the CBM Math data will increase by determining the effect of a large number
of markers scoring the math probes. As one of the people who attended the inservice
training, your assistance is requested in the marking of 15 grade 7 math probes from the
norming project. A package containing the 15 probes and a consent form will be sent to
markers once their agreement is received. Identifying information has been removed
from the Math probes including student names, scores and school. After the probes are
marked please return them within two weeks, to BJ Foulds at Heather Park Middle
School. Please include the signed consent form.

If you agree to assist in this research by participating in the Inter-Rater Study please
inform BJ Foulds. The probes and signed consent form will be sent, once you notify me
of your agreement to participate. Contact me either by phone, email or in person at the
numbers below.

Phone- 962-1811 extension 614 (school) or 964-8267 (home)

Email- online 57 (BJ Foulds) or fouldsb@unbc.ca

Please contact me if you have any questions regarding this study. If you require further
information please contact the Thesis Supervisor, Dr. Peter MacMillan, The University
of Northern British Columbia, telephone 960-5828 or by email at peterm@unbc.ca. If
there are any complaints direct them to the Office of Research and Graduate Studies,
UNBC.

Thank-you in advance for your co-operation.
Sincerely,
Bonnie-Jean (BJ) Foulds

Resource Teacher
Heather Park Middle School


mailto:fbuldsb@unbc.ca
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UNIVERSITY OF NORTHERN BRITISH COLUMBIA
College of Arts, Social and Health Sciences
Education Program

Master of Education Thesis
Researcher: Bonnie-Jean (BJ) Foulds

Gender and Relative-age Differences in Math Fluency
Using Curriculum-Based Measurement

Consent Form for CBM Math Probe Marker Participation

A study in Inter-Rater reliability will be conducted as part of my Master’s thesis. As one
of the trained markers, you are requested to mark 15 grade 7 CBM Math probes from the
School District No. 57 norming project of 1999-2000. School District No. 57 is aware of
this request. '

Before indicating your consent to participate in this study, it is required that you note
your agreement to the following terms:

o I understand that all information received will be treated in an anonymous fashion
and maintained in a secured location. Only the Thesis Supervisor will see the
signed consent form and the probes from the Inter-Rater study. Upon receipt of the
marked probes all identifying information will be removed. Identifying
information including school district personnel names, and schools will not be used
for the study. Upon completion of all research the scored probes and consent forms
will be destroyed.

. I understand that as a participant I am free to terminate participation at any time.

T understand that there is no remuneration for my participation in this study.

o I understand that School District No. 57 has given permission for this research to
proceed. 4

. I understand that I may meet with the researcher to receive a verbal report of the
findings when the thesis is completed.

° I understand the if I require further information regarding the assignment, I may
contact the Thesis Supervisor, Dr. Peter MacMillan, The University of Northern
British Columbia, telephone 960-5828 or by email at peterm@unbc.ca. Direct any
complaints to the Office of Research and Graduate Studies, UNBC.

By signing this form I am providing written consent for participation of the Inter-Rater
Reliability study investigating Gender and Relative-age Differences in the Math Fluency
using the CBM Math norming data of School District No. 57 from 1999-2000.

Researcher: Bonnie-Jean (BJ) A. Foulds

Participant’s Signature: Date:
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Appendix G
Table 1

Examples of Questions with Marker Discrepancies
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Rater | Norming Skill Concerns/Comments Scores Range
Probe | Probe # of
# - Scores
1 4 2-digits x 2- Answer incomplete, not all digits | 2, 1,0 2
digits correct, #’s in row 1 are small
and row 2 are large and on an
- angle
1 4 4-digit +2- #’s difficult to read 1,0, 1
digit Unmarked
1 4 3-digit with Answer correct, student used 10,3,5" 7
decimals + 1- | short-cut method, question
digit partially completed
1 4 Conversion Whole # correct, decimal written | 4,2, 3,0 4
from decimal | as fraction '
to percent
1 4 Addition with | Answer correct 6,5 1
decimals
1 4 4-digit X 2- 1-digit incorrect, #’s small, 17, 16 1
digit maybe difficult to read, question
complete
2 5 3-digit X 2- Some #’s may be difficult to 10,9, 4, 3, 8
digit with decipher, decimal in wrong 2
decimals place, some digits incorrect
2 5 Integer Negative sign correct but 1,0 1
subtraction numeral incorrect
2 5 Conversion Numerals correct, decimal in 3,1,0 3
from decimal | wrong place
to percent
2 5 2-digit X Answer correct 2, 2
unknown # = Unmarked
4-digit #
3 3 3 + 4-digits Answer correct 4, 4
Unmarked
3 3 4-digits X 2- | 1% row correct, did not insert 9,8,6,5, 7
digits placeholder for 10’s in 2" row, | 4,2
completed question
3 3 3-digits + 1- Work correct, only mistake is 98,1 8
digit with decimal incorrectly placed

decimals
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Horizontal Answer is not on the line 3,1,0, 3
subtraction provided, answer may be attempt | Unmarked
with decimals | to rewrite question since it

repeats the first #, decimal in the

correct place
Conversion No decimal in answer, decimal 2,1,0, 2
from decimal | implied, only 2-digits for Unmarked
to percent (3- | answer,
digits in
question)
3-digit X 2- Answer correct, decimal in 13,12 1
digit with correct location, blank used for a
decimals place holder
4-digit + 2- Work incomplete, last 2 rows 11,8,7,6, 10
digit incorrect, 1* digit of answer 3,1

correct
Percent of a Answer has 3-digits, should be 1,0, 1
number 2, unnecessary decimal appears | Unmarked

to be in the answer, numeral on

right is correct
Integer Answer is positive, digit answer | 1,0, 1
subtraction incorrect, positive sign in answer | Unmarked

is not written (inférred)
5-digits minus | 1-digit in answer incorrect 4,3 1
4-digits
Integer Answer is positive, digit answer | 1,0, 1
subtraction incorrect, positive sign in answer | Unmarked

is provided
3-digits + 1- | No work shown, 4-digits in 3,2,1,0 3
digit with answer but should be 3, # after
decimals decimal is correct, 2 middle #’s

, are incorrect, # on left correct
3-digits + 1- Work shown, alignment 8,6,5,4, 6
digit with incorrect, some digits incorrect, | 3,2
decimals no decimal in answer
Conversion of | Correct answer, only worth 1 4,1, 4
improper mark Unmarked
fraction to (Did rater
whole # copy the
answer-4)

Integer Answer correct 3, ‘ 3
multiplication Unmarked
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6 Unkown Answer a hundred instead of a 3,1,0 3
dividend +2- | thousand, digits correct except
digits= 2- missing zero for one’s
digits
6 3-digits + 1- Numerals in answer correct but 9,6,5,4, 9
digit with decimal in wrong place, not all 0
decimals work shown
Possible score=10
6 4-digits X 2- | Answer incomplete 8,6, 8
digits Unmarked
7 4-digit + 2- Correct answer evident as in 10,9, 8, 7, 8
digit answer key, but student wrote 52
remainder as decimal, did not
stop with remainder answer,
therefore extra work and
numbers exist in answer from
the answer key
7 3-digit + 2- Answer correct, work shown, 9,2 7
digit alignment might be considered
out for 1 or 2 numbers
8 Integer Negative sign correct, digits for | 1, 0, 1
subtraction answer incorrect Unmarked
8 2-digits X 2- | Answer correct, all work shown, | 10, 4, 10
"1 digits 1 # written over another to Unmarked
correct a mistake
8 4-digit <+ 1- Answer correct with a decimal in | 14, 13, 5, 14
digit the correct place but not 3,
required, no work shown Unmarked
9 Unknown Student answer a 2-digit #, ones | 1, 0, 1
quotient+ 2- | digit correct, answer should be Unmarked
digit=2-digit | 4-digits
9 Integer Answer should be positive, 1,0, 0
addition digits incorrect, no sign (positive | Unmarked
sign inferred)
9 Integer- Answer should be positive, 1,0, 1
division positive sign inferred but Unmarked
numeral answer incorrect
10 3-digits X 2- | All work shown, numbers very 12,11, 9, 12
digits large, 2-digits incorrect in work, | Unmarked
possible alignment concerns for
2 or 3 digits
10 Horizontal One digit wrong in answer, 4,3, 4
subtraction decimal in correct place Unmarked

with decimals
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4,3,

incorrect

10 4-digit 3-digits correct, alignment
subtraction concerns, a digit written over Unmarked
another
10 5-digit X 1- Hard to determine if the numeral | 3, 2, 0,
digit “1”, which is correct, is crossed | Unmarked
out or not
10 Integer Negative sign is above the 3,2, 1,0,
addition numerals instead of to the left, Unmarked
otherwise answer is correct
including the negative sign
11 3 & 4-digit One numeral incorrect in 4,3,2
addition answer, numeral in thousand
position may be out of alignment
11 Unknown + Answer should have 4-digits, 3,1,0
2-digit =2- student answer has 3 & is
digit missing zero in ones
11 Integer Student answer is zero with a 1,0,
addition possible small negative sign in Unmarked
the zero, answer should be
negative
11 4-digit X 2- Two numbers rewritten over, 54,1
digit shadow of previous number still
visible, answer is correct
13 5-digits minus | Student answer correctintens & | 4, 3, 2
4-digits ones, digit in hundreds is correct
number for thousands, correct #
for hundreds missing
13 Integer Answer should be positive, 1,0, 0
addition positive sign correct but digits Unmarked
incorrect
13 2-digit X 2- Answer incomplete, 2 of 3 digits | 3, 2,
digits correct Unmarked
13 Addition of 3 | One of the 2-digits in the answer | 2, 1,
2-digit are correct Unmarked
numbers
13 Integer Digits correct but negative sign | 2, 1,
multiplication | should be positive Unmarked
15 4-digits X 2- | Answer incomplete, questions 8.7.6,5,
digits scribbled over but most #’s 4,
readable Unmarked
- 15 Integer - Answer should be positive, no 1,0,
multiplication | positive sign written, digits Unmarked
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Appendix H
Table 1

Repeated-Measures ANOVA for the Average Performance Group



Grade Source F df p
1 Gender 0.56 1 53
RA 0.36 2 .73
G*RA 1.17 2 32
F (from V)  df, df. p
2 Gender 0.59 2 115 .56
RA 0.75 4 232 56
G*RA 0.41 4 232 .80
3 Gender 0.84 ) 119 44
RA 2.58 4 240 .04
G*RA 1.06 4 240 38
4 Gender 1.44 2 113 24
RA 0.37 4 228 .83
G*RA 0.93 4 228 45
5 Gender 1.19 2 121 31
RA 1.30 4 244 27
G*RA 0.72 4 244 .58
6 Gender 0.15 2 117 .86
RA 0.73 4 236 58
G*RA 1.44 4 236 22
7 Gender 0.56 2 115 .58
RA 0.36 4 232 .84
G*RA 2.89 4 232 .02

a=.01forVand F
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