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Abstract 

Current research suggests that a high level of confidence and a low level of anxiety are predictive 

of higher math achievement. Compared to students from other provinces, previous research has 

found that Saskatchewan students have a higher level of confidence and a lower level of anxiety 

for learning math, but still tend to achieve lower math scores compared to students in other 

provinces. The data suggest that there may be unique factors effecting math learning for students 

in Saskatchewan. The purpose of the study is to determine the factors that may affect 

Saskatchewan students’ math achievement. Exploratory factor analyses and regression methods 

were employed to investigate possible traits that aid students in achieving higher math scores. 

Results from a 2007 math assessment administered to grade 5 students in Saskatchewan were 

used for the current study. The goal of the study was to provide a better understanding of the 

factors and trends unique to students for mathematic achievements in Saskatchewan. 

 Using results from a province-wide math assessment and an accompanying questionnaire 

administered to students in grade five across public school in Saskatchewan (n=11,279), the 

present study found statistical significance in three factors that have been supported by previous 

studies to influence math achievement differences, specifically in (1) confidence in math, (2) 

parental involvement in math and (3) extracurricular participation in math. The three 

aforementioned factors were found to be related to math achievement as predicted by the 

Assessment for Learning (AFL) program in Saskatchewan, although there were reservations to 

the findings due to a weak amount of variances accounted for in the regression model (r2 =.084). 

Furthermore, a multivariate analysis of variance indicated gender and locations of schools to 

have effects on students’ math achievement scores. Although a high amount of measurement 

errors in the questionnaire (and subsequently a low variance accounted for by the regression 
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model) limited the scope and implications of the model, future implications and improvements 

are discussed. 
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Chapter One 

Introduction 

Mathematics is generally perceived as a skill that is crucial to all aspects of life 

development. From tasks such as counting change for purchases, calculating grade averages or 

doing taxes, different levels of math skills are constantly in demand throughout our daily lives. 

Studies have suggested that a higher attainment in math at the high school level is predictive of a 

higher earning power (Rose, 2001; Statistics Canada, 2005). Mathematics is also the cornerstone 

for developments in the field of science and technology, where competency in basic 

mathematical theories is required to understand and pursue studies in engineering, physics or 

computer science. Due to the broad influence that mathematics has on our daily lives, it is often 

the main focus of education systems, where students’ progress is monitored and evaluated on 

their understanding in mathematics rigorously.  

Canadian students generally score higher than the worldwide average in math 

achievement as supported by the Program for International Student Assessment (PISA, 2003). 

However, there are provincial differences in math achievement in Canada. Subsequent studies 

performed by Canada’s own national assessment program, previously named the School 

Achievement Indicators Program (SAIP; 2003, currently renamed as the Pan Canadian 

Assessment Program), have found that Saskatchewan students have scored lower in math than 

other Canadian students. This finding has provoked a provincial interest to explore factors that 

impact student achievement in mathematics in Saskatchewan.  
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Factors Affecting Achievement Differences 

There are many potential factors affecting achievement differences in large scale testing. 

For example, factors such as curriculum designs, demographics, personality traits, parental 

involvement, and extracurricular involvement are just a sample of issues that have been 

suggested to play a large role in a student’s learning (Chambers & Schreiber, 2004; Eccles et al., 

1983; Joshi, 1998; Kopsovich, 2001; Reyes, 1984). International assessment programs such as 

PISA may not be an accurate index of how students achieving within the country because the 

methods of testing established are based on an agreement between the participating countries. 

Therefore, the focus and categories of the assessment were not necessarily aligned with local 

education curricula. Similar arguments could be made with respect to nationally administered 

assessments such as the SAIP (or PCAP), where levels of learning achievement may differ 

across provinces, resulting in an inability to compare student achievement intra provincially. In 

order to explore students’ mathematics achievement within the province, assessment programs 

should be designed, collected and analyzed in order to account for the distinct educational 

system influences that each province exhibit locally.  

Differences in personality traits have recently been explored as predictors of how 

students will perform in mathematics and other academic subjects. For example, studies have 

focused on the relationship between math and anxiety (Cates & Rhymer, 2003; Statistics Canada, 

2002). However, only a few studies have examined the relationship between math and locus of 

control (Stipek & Weisz, 1981; Vinner, 1997), and math and confidence (Ma, 1999; Ma & 

Kishor, 1997; Mittelberg & Lev-Ari, 1999; Reyes, 1984; Stipek, Givvin, Salmon & MacGyvers, 

2001). The lack of attention to these factors are largely due to greater literature availability for 



   

3 

anxiety related research in clinical psychology, whereas confidence and locus of control are 

considered to be interrelated to anxiety issues in students’ lives.  

It is also possible that demographic differences within the population may influence math 

learning. While some studies have suggested that a linguistic advantage in certain languages 

would allow for a higher achievement in math (Myers & Milne, 1988), others have attributed 

cultural differences in math achievement to the level of aspiration and the value of education to 

anticipated discrimination within the job market (Li, 2001; Tsang, 1988). Studies have found a 

significant difference in math achievement between students in rural areas compared to those in 

urban areas (Young, 1998). This may be of particular importance in Saskatchewan, as the 

demographics of Saskatchewan are diverse with a high rural and urban diaspora. In addition, 

Young’s (1998) findings did not explain why rural students performed poorer in math 

achievement than urban students, nor did Young investigate the achievement differences specific 

to Saskatchewan. Lastly, gender has always been a focal point of study in math achievement, 

such that boys have always been thought to perform better than girls (Entwisle, Alexander & 

Olson, 1994). This study explores whether gender differences in math achievement persist in 

Saskatchewan. 

Other factors have also been found to be effective in moderating students’ math 

achievement. The level of extracurricular activities has often been associated with improved 

student learning, where studies have found students’ participation in extracurricular activities to 

be effective in improving students’ academic achievements (Dumais, 2006). This study explores 

whether students’ participation in extracurricular activities that uses math would affect math 

achievement in Saskatchewan. 
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The level of parental involvement in education has been proven effective in improving 

students’ academic achievement (Drissen, Smit & Sleegers, 2005; Newman & Goldin, 1990; 

Pong, 1997; Sheldon & Epstein, 2005). Studies have found a positive correlation amongst the 

level of parental involvement and the level of academic achievement demonstrated by their 

children (Jeynes, 2005; Morgan & Sorenson, 1999; Sheldon & Epstein, 2005). Dissenters would 

argue for the opposite, specifically in the case of math education, as the level of parental 

involvement may dampen development in problem-solving strategies as dependency in parental 

aid increases (Wagner & Phillips, 1998). This finding supports the need for students in senior 

grades to seek help aside from that of their parents. Based on this notion, the use of tutors or 

other methods should be investigated for their effectiveness in helping a student’s math 

achievement. 

The lack of studies for a model of learning that investigates math learning trends in 

Saskatchewan presented a research gap for this study. A study examining academic preferences 

could be useful in demonstrating unique learning attitudes specific to Saskatchewan students. 

There are other factors that could affect the math achievement of students. Such issues noted in 

the previous section are only a sample of those that have been investigated in previous literature. 

The present study investigated the existence of such factors amongst the primary school students 

in Saskatchewan and its relation to math achievement. To demonstrate levels of math 

achievement, the results of large scale math assessments were used. The next section introduces 

mathematic education in Saskatchewan.  

Assessment for Learning  

 The province wide math assessment program in Saskatchewan, entitled Assessment for 

Learning (AFL; Saskatchewan Learning, 2004), was designed to be synchronous with the 
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provincial curriculum, where questions were designed to probe learning objectives within the 

curriculum and an equal number of questions were developed to accommodate for a range of 

difficulty. The AFL program is administered annually to students in grades five, eight and 

eleven, and questions are provided in both English and French. Further information regarding the 

provincial math assessment is available in later sections. 

To investigate factors that may affect math achievement, a questionnaire that prompts for 

students’ preferences and reactions to mathematics is administrated with the AFL program. The 

questionnaire, derived from the Opportunity-to-Learn initiative as designed by Saskatchewan 

Learning (OTL; Saskatchewan Learning, 2000a, 2000b), seeks to allow for a better 

understanding of personality or trait differences that may optimize the level of math 

achievement, while controlling for the diverse learning environments across the province. 

Although such data are often collected in most levels of large scale assessments, the analysis of 

such information is often inadequately descriptive or neglected as most educators and 

administrators use the results of large-scale assessments solely to compare school or division 

performances, without enough focus in providing solutions to individual improvements 

(Ungerleider, 2006).  

Statistics Canada (2006) has conducted a preliminary study on the cause for higher levels 

of achievement in mathematics with the national assessment results, where they have attributed 

the level of anxiety towards math, level of confidence, parental education attainment and family 

socioeconomic status (SES) as contributing factors to achieving a higher score (PISA, 2003). 

From this finding, students in Saskatchewan had a sense of confidence and anxiety towards math 

similar to the national average, but scored significantly lower than the national average in math 

achievement (PISA, 2003). This finding is contradictory to the general model of math 
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achievement as demonstrated by students from other provinces, where students’ level of 

confidence and anxiety towards math relates, as predicted, to students’ math achievement. The 

current study determined if such effects exist in the AFL results, along with any factors that may 

affect math achievement to students in Saskatchewan.  

Method of Analysis 

The methods of analysis that were employed in the current study were exploratory factor 

analysis (EFA) and multiple regressions. EFA is a popular research method used to discover and 

determine variable sets that are relatively correlated between variables that belong in the same 

idea but independent or unrelated to others (Tabachnick & Fidell, 2006). Application of EFA in 

the field of education research is common in instances of instrument construction and for the 

purpose of data variable reduction when investigating for learning traits in students (DiIorio, 

2005). Multiple Regression (MR) is also another popular research method used to account for 

variance in one variable using a set of predictor variables. There are many methods of employing 

MR but the use of linear modeling, the simplest variation, is commonly used in educational 

research to explain achievement trends and deficits (Gall, Gall, & Borg, 1999).  

The current study utilized such methods to see if there are relationships between different 

learning environments and learning styles that may affect math achievement, in order to provide 

more information in math learning and development for educators in Saskatchewan by using data 

that have been previously overlooked. The following section extrapolates on the purpose for 

conducting the present study.  

Purpose of This Study 

The comparatively low level of math achievements on large scale assessment for students 

in Saskatchewan has been a cause for concern with researchers and policy makers within the 
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province. Improving accountability in student achievement is one of Saskatchewan Learning’s 

development objectives as stated in their annual report (Saskatchewan Learning, 2007). In order 

to address this issue, Saskatchewan Learning has taken actions by gathering a committee to 

investigate the learning standards of this province to address issues such as the low math scores. 

In addition, there are also interests in exploring other learning differences that are significant in 

improving math achievement such as measuring Opportunity-to-Learn (OTL; Saskatchewan 

Learning, 2000a, 2000b). The current study investigated accounts of math achievement 

differences in grade five students through traits and personal dimensions. The use of elementary 

grade student results is to avoid complex explanations that may be needed to account for the 

numerous factors that would explain for learning differences in older adolescents. The purpose of 

the study is to provide a perspective of extraneous factors that affect math learning with students 

in Saskatchewan. In order to achieve such goals, the following research questions are raised to 

address such issues.  

Research Questions  

The present study was designed to investigate the following issues: 

1. Are there identifiable factors amongst students in Saskatchewan that may affect academic 

achievement in math? If so, what are the factors? 

2. Can student questionnaire responses, such as the ones designed according to OTL, be 

used to evaluate math achievement differences across Saskatchewan?  

3. Does school location or student gender have a significant effect on math achievement 

differences? 
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Rationale for the Study 

To date, there has been no published analysis on how Saskatchewan students are 

performing with math other than comparison studies to their achievement scores (SAIP, 2003). 

Furthermore, results from a large scale assessment in which Saskatchewan students participated 

have not been published for public scrutiny. The current study attempted to utilize the Math 

Assessment for Learning (AFL) program results collected in 2007 to analyze for factors that 

affect math achievement differences. Previous studies have investigated the use of national large 

scale assessment to: (1) compare for learning differences across Canada (PISA, 2006; SAIP, 

2003), (2) investigate for factors affecting math achievement (Anderson et al., 2006), and (3) plot 

for a model of achievement in math learning (Joshi, 1998; Randhawa, Beamer & Lundberg 

,1993); but to date there have been no published studies investigating math achievement 

differences amongst Saskatchewan students. Saskatchewan Department of Learning has 

completed preliminary studies and reports that compared differences by school and division in 

the form of educational indices and individual factor tabulations, but no summary studies have 

been completed across factors and their relations affecting math achievement. The goal of the 

present study is to utilize available information and corroborate with Saskatchewan Learning 

from an analytical perspective to explore for ways to improve math achievement in 

Saskatchewan.   

Delimitations, Limitations, and Assumptions 

The following section outlines the delimitations, limitations, and assumptions of the 

present study. As the current study involves a secondary analysis of pre-collected data, the 

design of the current study had to adapt to the limitation of the original study in order to fit the 

research questions stated.  
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Delimitations 

1. The study was delimited to the response sample set of grade five students in the 

provincial public school system who participated in the Saskatchewan Learning 

Assessment for Learning Mathematics in 2007.  

2. The study approached the issue of math achievement differences in Saskatchewan by 

identifying and analyzing the response pattern through a variation of responses in the 

student questionnaire.  

3. This study utilized quantitative methods such as exploratory factor analysis and multiple 

regression methods in order to carry out the investigation.  

Limitations 

1. The study sample is limited to the students that were selected to participate in the 

Assessment for Learning (AFL) program. The generalizability of results to the 

representation of the students in Saskatchewan could be high because the assessment 

was completed by students in the Saskatchewan education system, but such conclusions 

could only be made with students in grade five since they were the only students tested. 

The reliability of the sample could be questioned as not all grade five students (i.e., 

schools in reserves and private schools did not participate) in the province completed 

the assessment, hence the results may not be entirely representative of the learning 

trends of all the students in the province.  

2. The study used data provided by AFL, a program in the Ministry of Education also 

known as Saskatchewan Learning. The method of conducting secondary analysis 

restricted the possibility of exploring further alternatives if the data proved to be 

insignificant.  
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3. The study did not include factors such as SES or parental background; both have been 

suggested to be important factors dictating school achievement as the data were not 

collected in the original survey. In addition, no post hoc follow-up questions could be 

asked because of the nature of using a pre-collected dataset. 

4. The internal validity of the questions asked may be questionable, as criterions for the 

questions were designed with no psychometric properties for justification, and no 

validity verification or reliability studies have been completed with the questions to the 

overarching theme prior to the study.  

5. The study did not include information as to the representation of children with learning 

disabilities or other kinds of conditions that would affect learning habits and belief of 

the student.  

Assumptions 

1. It was assumed that participants responded truthfully to all questions asked within the 

questionnaire.  

2. It was assumed that the curriculum and the quality of educational instructions are 

consistent across Saskatchewan. The quality of education is defined by the definitions 

and criteria as suggested by the curriculum developed by the Ministry.  

From the criteria listed above, the goal of the current study was to explore how students 

in Saskatchewan differ in striving for math achievement. The following chapters include a 

detailed explanation of how the study was completed. Chapter Two includes a literature review 

of previous studies as well as evidence that support the factor affecting math achievement. 

Chapter Three includes an explanation of the methodologies and procedures used in the study. 
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Chapter Four disseminated the results of the data analysis, and finally Chapter Five discussed the 

results and interpretations of the findings of the study.  

Definitions 

The following section provides operational definitions for the terms continually used in 

the current study. 

Math Achievement – Math achievement is measured by the large scale assessment designed by 

AFL for the purpose of this study. The results are based upon a 40 question multiple-

choice section that was collectively designed by teachers and education researchers of 

Saskatchewan in 2007. 

Assessment for Learning (AFL) – A department within Saskatchewan Learning in charge of 

administering, collecting, and evaluating achievement results for students across the 

province using large-scale assessment methods (Saskatchewan Learning, 2007).  

Saskatchewan Learning (the Ministry) – Ministry of Education, Saskatchewan 

Locus of Control – The preferences of how the students attribute their success and failure of their 

math achievement results are based on external vs. internal attribution of results. An 

example of external attribution would be similar to “I need a lot of luck”, where as internal 

attribution would be “I need to study a lot”. (Stipek & Weisz, 1981; Vinner, 1997)  

Confidence – In the context of the present study, confidence is referred to how confident the 

student is with his or her ability to do math or to use math in life. (Reyes, 1984) 

Parental Involvement – The level of involvement of parents in the student’s learning in math. 

Extracurricular Activities – The frequency of student participation in extracurricular activities 

that use math or are involved with mathematics. An example of such activities is Math 

clubs or Chess clubs. (Dumais, 2006; Papanastasiou & Bottiger, 2004) 
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Rural Schools – Schools located in the areas of or in towns with a population under 10,000 

people. (duPlessis, Beshiri, Bollman & Clemenson, 2002) 

Urban Schools – Schools located in towns or cities with a population over than 10,000 people. 

(du Plessis et al., 2002) 
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Chapter Two 

Literature Review 

In order to provide a comprehensive background to the present study, this chapter 

reviews the research conducted on factors affecting math achievement across the world as well 

as the current education trends in Saskatchewan. The chapter is divided into four sections. The 

first section is a review of the context of large scale assessment, education assessment structures, 

and student demographic differences in Saskatchewan. The second section discusses the 

prevailing model of research related to mathematics learning. The third section is a summary of 

converging themes from the proposed models. The last section is the statement of hypotheses 

and expected results.  

Mathematics Education in Saskatchewan 

The purpose of this section is to highlight and review mathematics education in 

Saskatchewan. This section includes discussions of: (a) student composition of Saskatchewan, 

(b) the mathematics education goals of Saskatchewan, and (c) structures of Saskatchewan and 

the math assessment programs for students in Saskatchewan. 

Students in Saskatchewan 

The students in Saskatchewan are a diverse population with a range of learning 

environments. With 174, 000 students in the provincially funded education system in 759 

schools across the province (Saskatchewan Learning, 2007), the Ministry of Education (also 

known as Saskatchewan Learning) has to be very flexible in devising a learning delivery system 

that is equally effective in remote environments, rural communities and urban areas. In addition, 

due to the small student population, the provincial education budget is also smaller compared to 

other provinces. As a result, the education system in Saskatchewan adjusts accordingly to 
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community populations. For example, there are currently 119 schools that participate in a 

Community School Program, which provides additional funding for schools in vulnerable 

communities to ensure students in achieving learning success (Saskatchewan Learning, 2007). 

To ensure and enhance quality of education in remote and rural areas, as well as schools that do 

not have the resources to participate in learning in a traditional classroom, alternatives are in 

place for rural students, including participation in an online supported learning unit as well as the 

option of participating via interactive televised instructions (Saskatchewan Learning, 2007). To 

enable learning opportunities for aboriginal students, programs such as the Cree Immersion 

Program, Indigenous Language Curriculum, and the First Nations and Metis Education Branch 

have been established in order to provide for a more accepting and positive learning environment 

for aboriginal students in Saskatchewan (Saskatchewan Learning, 2007).   

The mathematics curriculum in Saskatchewan is designed in cooperation with teachers 

and educators in Saskatchewan and is coordinated by the Ministry (Saskatchewan Learning, 

2004). The curriculum was designed with three distinct levels of learning: elementary (K-6), 

middle-level (grades 7-9), and secondary (grades 10-12). Each level has distinct categories of 

focus as devised by Saskatchewan Learning. The elementary level (specifically grade five) of 

learning is the focus of the current study. The components of math learning for grade five are 

listed in Table 1.  
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Table 1  

The categories of learning objectives for math in grade five in Saskatchewan along with the 

corresponding numbers of questions in the multiple choice sections of the Mathematics 

Assessment designed by Assessment for Learning  . 

Categories of Learning Objective  
in the Elementary Math Curriculum 

Number of questions asked in the 
multiple choice section of the 
provincial math assessment 

Problem solving       0* 

Data management and analysis     5 

Numbers and operations      11 

Fractions        12  

Geometry        5 

Measurement        7 

Note. * Problem solving as a concept is implied to be tested in all question items.  

 

 

The focus of the current study is on student results on mathematics assessments from 

grade five for numerous reasons. The impact and effect of education are less influenced by other 

social and interpersonal factors at a younger age, where students in senior grades would be more 

susceptible to more complex influences that may not be easily explained as the relatively simple 

interactions that elementary students would experience. It should be noted that problem solving 

skills were expected to be the underlying focus and be demonstrated across all categories of 

learning. From the guidelines of the provincial curriculum design, Saskatchewan Learning has 
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devised a provincial assessment program to ensure accountability in the learning programs 

delivered across the province are explained in the following section. 

The Mathematic Assessment Program in Saskatchewan 

 Education in mathematics has generally been perceived as one of the key indicators in 

education (Ethington, 1992). This belief is highly regarded across the world and the efforts of the 

Canadian education system are evident from the results of international assessments. Currently, 

there are three levels of large scale assessments being administered to students across Canada by 

hierarchy, with international, national and provincial levels of assessment. Internationally, the 

Program for International Student Assessment (PISA) is designed to compare countries abroad in 

the international assessment organized by the Organization for Economic Cooperation 

Development. From the last assessment, Canadian students at the age of 15 outperformed all 

other G8 countries in all aspects of the assessment (PISA, 2007). PISA is administered once 

every three years to participating countries, with each iteration testing for one of the three 

subjects in a rotation: Science, Mathematics, and Reading (PISA, 2003). Within Canada, the 

School Achievement Indicators Program (SAIP, recently renamed as Pan Canadian Assessment 

Program, PCAP) is a national program created to allow a joint assessment to be administered in 

all the provinces, such that academic achievement can be comparatively evaluated across 

provinces. Similar to PISA, this national assessment program tested students of age 13 and 16 

randomly selected across Canada. The assessment is conducted annually in three year blocks, 

each year testing for one of the three subjects, mathematics, science, and reading and writing. 

The national assessment was redesigned as PCAP to reflect on the changes in curriculum 

jurisdiction that have taken place in Canada in the past decade (PCAP, 2006). The purpose of 

collecting results from this national assessment program is to improve provincial assessments as 
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well as to validate and set education priorities, along with assessing possible plans of 

improvement such as improvement programs in specific areas such as class sizes, curriculum 

focuses, or evaluation methods (CMEC, 2003).  

The assessment programs at the international and national level are heavily focused on 

the study of mathematics and literacy. This is congruent with the provincial level of assessment 

in Saskatchewan where the newly developed provincial wide assessment program titled 

Assessment for Learning (AFL) focuses on reading and mathematics skills. While math and 

reading are currently being assessed province-wide, two more assessments that evaluate for 

student’s social skills and science are to be designed and implemented within the next two years 

(Saskatchewan Learning, 2007). The purpose of provincial large scale assessments is to provide 

a quality indicator for education across the province.   

Assessment for Learning 

 The AFL program began in 2002 as a pilot project and province wide administration was 

started in 2004. This province-wide assessment program was originally named as Provincial 

Indicators Program and was mandated by the AFL initiative by Saskatchewan Learning (2004). 

The AFL was designed as a formative assessment, which was intended to provide feedback to 

Saskatchewan Learning regarding what the students have been learning in the classroom and 

curriculum setting. This type of assessment design differs from the popular summative 

assessment, which is primarily used to summarize and report on the level of learning students 

have reached in that subject. The formative assessment design method was chosen by the 

Ministry to ensure a level of accountability in the provincial education system, a level of 

transparency on the student’s progress, and to provide information and goals to improve the 

current education system in Saskatchewan (Saskatchewan Learning, 2004). The AFL initiative 
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was designed with the following aims: (a) to raise the level of student learning and achievement 

for all students, (b) to strengthen the capacity of teachers, (c) to strengthen the capacities of 

schools and divisions, (d) to raise the level of assessment literacy among educators and 

administrators, (e) to support the development of professional learning organizations, (f) and to 

strengthen the ability of school divisions to report to the public (Saskatchewan Learning, 2004).  

The mathematics assessment of AFL began in 2002 and has been slowly developing as a 

province wide assessment (Saskatchewan Learning, 2007). The math assessment program is 

currently still in the voluntary participation stage, where schools are allowed to choose to 

participate, although all schools participated in the year 2007. All students in grades five, eight 

and eleven in the province were administered the assessment in 2007. The design of the 

assessment is a collaborative effort from education administrators and teachers across the 

province and curriculum designers with Saskatchewan Learning. The assessment is distributed 

across the province in a two-week window, where teachers are given two days to complete the 

assessment process. As a commitment to the aims of the department, the assessment questions 

are publically accessible along with the marking/answer guide after the assessment is completed. 

Descriptive statistics and summary results are released at the school and division level to 

disseminate how well students are doing in their respective areas.  

In addition to the formative feedback provided by the assessment results, the Ministry 

had also designed a student questionnaire in order to explore the learning styles of students in the 

province. The questionnaire was modeled under the Opportunity-To-Learn framework (OTL; 

Saskatchewan Learning, 2000a, 2000b), where questions were designed to act as a social 

barometer to measure to the impact of student learning opportunities and produce new education 

policies that may affect student learning. Saskatchewan’s OTL framework was adopted as an 
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indicator approach rather than a research approach (Saskatchewan Learning, 2000a, 2000b), 

therefore the question designs were more focused on reflecting on macroscopic societal trends 

(Saskatchewan Learning, 2000a, 2000b). As education administrators often seek ways to 

improve student results in large scale assessments, student questionnaire results and demographic 

trends have been used as explanatory factors to account for the achievement differences 

(Kopsovich, 2001). The present study takes account of the unique differences exhibited by the 

educational design and student demographics in Saskatchewan and utilizes the results of AFL as 

research data.  

The Assessment for Learning (AFL) program is a vital part of education in Saskatchewan 

as it provides feedback from student learning and also allows for accountability with the 

education system. In order to understand what type of learning model is behind math 

achievement, the following section explains possible factors that affect math achievement, and 

how previous studies have explored and investigated for such factors.  

Theoretical Models on Mathematics Achievement 

There have been numerous studies on events that would affect student’s math learning. 

Researchers have compiled and suggested learning models in order to explain the interactions of 

such events in a hierarchical or sequential process also known as modeling. This section will 

review the previous finding of models that account for mathematics achievement. 

  The studies of factors that affect math achievement have been thoroughly discussed in the 

past, where studies have been conducted to explain different levels of learning. The model that is 

most popularly referenced to explain math achievement was proposed by Eccles et al. (1983). 

Eccles et al. (1983) proposed a predicting model of math achievement using such explanatory 

factors as self concept, expectancies, and family help perceptions of parent’s attitudes, prior 
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achievements and difficulty of task as predictors of math achievement. The results of Eccles et 

al. study are important for the current study as they provide a historical precedence for research 

like the investigation of math achievement. The results also showed preferences with identifying 

math achievement variables by using path models, signifying that the contributing variables 

work in a sense of gradual process and level of improvements, not as definitive “have/have not” 

variables (see Figure 1; Eccles et al., 1983).  

 

Figure 1. Diagram showing the model of mathematics achievement suggested by Eccles et 

al.(1983). 

 

  This model of math achievement provided a general working model for researchers to 

explore different methods of interventions or models that were comprised to cater towards 

specific populations or different learning populations (Fenema & Peterson, 1985; Parsons, 

Meece, Adler & Kaczala,1982; Reyes, 1984). All subsequent models follow the design similar to 

Eccles et al. (1983). While the general model proposed by Eccles et al. (1983) has attempted to 

explain math achievement, the factors were not specific enough for students in the primary 
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grades. Reyes (1984) improved upon previous models to specifically examine factors that affect 

math achievement in elementary students. 

Affective variables are variables that cause change to what is being measured. A study 

conducted by Reyes(1984) examined the affective variables in math achievement within 

elementary students by integrating a range of existing models of learning (Eccles et al., 1983; 

Fennema & Peterson,1985; Kulm, 1980). Reyes (1984) identified confidence, anxiety, attribution 

of success and failure, and perceived usefulness in mathematics as the four variables that interact 

to generate an effect on math achievement. Reyes argued that the level of student self concept is 

paramount in contributing to the four affective variables. By using social learning concepts posed 

by Bandura (1971), Reyes explained student math learning with the four attributes discussed, and 

that other peripheral attributes were indirect effects caused by the four attributes. However, 

Reyes used Fennema and Peterson’s (1985) autonomous learning behaviour model to explain 

math achievement differences (see Figure 2), and did not explain why there was a sex-related 

difference in math achievement. The study simply explained the gender differences as 

contributing factors, and did not recognize the complexity of gender roles involved when 

studying learning and achievement. Reyes (1984) also argued that the students’ level of 

perceived usefulness of math was a significant factor in predicting math achievement. While the 

study showed a significant effect in predicting for math achievement, the study focused only on 

teachers’ perceived usefulness of math as an ameliorating factor, and neglected parents’ 

perception in math (Reyes, 1984). The perception in the usefulness of math to parents should be 

a contributing factor to this variable; as the usefulness of math could be a learned trait from 

parents’ reaction towards math problems. Wagner and Phillip (1992) supported such notion as 
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they found that the level of perceived expectation of the children’s academic achievement is 

related to the level of perceived achievement exhibited from parents.  
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Figure 2. The Autonomous Learning Behavior Model from Fennema and Peterson (1983) 

 

 

Applications of Theoretical Models 

In a more recent study, Kopsovich (2001) examined the relationship between student’s 

learning styles and their math scores on the Texas Assessment of Academic Skills test (TAAS; 

1997). Kopsovich’s study, based on 500 grade five students, correlated student learning styles 

with TAAS results using an inventory designed by Dunn, Dunn and Price (1989). The study used 

a combination of point bi-serial correlations and correlation tables to determine relationships 

between the learning styles, ethnic groups and gender with their respective math scores.  Using 

the Learning styles Inventory (Dunn et al., 1989), the 22 different learning styles were 

investigated for differences between the three factors posed. The study found that the level of 

persistence was a factor in higher achievement in math. Furthermore, factors such as gender and 

ethnicity did result in a significant difference in math achievement, and also exhibited a 

significant and correlated difference in the level of persistence in learning (Chambers & 

Schreiber, 2004; Dumais, 2006; Kopsovich, 2001). This finding is significant as it demonstrated 

the comparison of students’ learning styles with their levels of math achievement using large 
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scale assessment results. While Kopsovich’s (2001) finding did show support for factors that 

prompt persistency in learning, there were some limitations to the study. For example, 

Kopsovich chose to conduct point bi-serial correlations on 22 dimensions within an instrument, 

while comparing against different groups such as ethnicity and gender for significant differences. 

This level of analysis is useful in understanding if there are similar trends in response sets across 

different groups, but is not useful in exploring whether there are any significant response 

differences between groups, or whether there are any overall trends that contributed to math 

achievement. The use of bi-serial correlations limited the investigation of relationships to an item 

to item basis, whereas there were groups of items or factors that are related to each other or 

confounding variables. Correlation studies would not be able account for such relationships.   

 A study conducted by Ethington (1992) expanded upon the levels of learning and 

modeling for math achievement in order to validate a model from Eccles et al. (1983). Ethington 

proposed a path model which explained cognitive processes prior to and after the actions within 

the general model of math achievement as proposed in Eccles et al. (1983). The purpose of 

creating a more complex model in predicting math achievement was to establish a psychological 

construct of influences on math achievement (see Figure 3). The subsequent purpose of the study 

was to see if there was a gender difference in the construct of math achievement. Ethington’s 

study utilized a sample collected from the Second International Mathematics Study (SIMS; 

1982).  
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Figure 3. Model proposed by Ethington to explain for math achievement behaviour. (1992) 

 

 

Ethington (1992) used a causal modeling method based on least-squares estimates to 

determine the significance of paths. The findings of this study were convincing in modeling math 

achievement because all variables used in the model were shown to be significant in their path. 

When all the variables were plotted to predict current achievement, students’ social economic 

status became unimportant in predicting achievement. Keith, et al.’s (1986) paper examined this 

relationship by exploring correlations between SES and math achievement. This finding 

suggested that SES was an indirect cause in predicting math achievement. Other variables such 

as the perception of parents’ attitudes, availability of families for help, the expectations of 

students, and students’ goals became more important in predicting current achievement. In 

addition, Ethington also found that men were easier to account for in the math achievement 

model (better fitness) than women. Women’s achievement had a lower fitness to the model 

suggesting the existence of additional, unaccounted for factors in affecting math achievement. A 

limitation to Ethington’s results was the use of a limited sample of grade eight students as her 
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sample population. This lack of generalizability in Ethington’s (1992) study is problematic as the 

proposed learning models cannot explain essential learning behaviors developed at students’ 

earlier ages. 

Confirmation of Math Achievement Models 

 Joshi (1998) proposed a model that described overarching interactions in the factors that 

affect math learning. Using an international perspective, the study incorporated a model 

consisting of two latent variables predicting the math achievement of students in Nepal (see 

Figure 4). Joshi’s (1998) findings were supported by the four contrasting social cognition 

learning theories and included seventeen factors that contributed to the two latent variables. The 

purpose of the study was to investigate the significant failure rate in mathematics testing at a 

secondary level, and to explore what types of support students would need in order to improve 

the level of math achievement in Nepal (Joshi, 1998). The four learning theories used are 

presented in Table 2. 
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Table 2  

Four Distinct Learning Theories that Contributed to Math Achievement and Joshi’s Proposed 

Model. Joshi (1998). 

Name Variables Note 

Walberg’s 
Educational 
Productivity 
Theory(1981)  

Age, Motivation, Prior 
Achievement, Quantity of 
Instruction, Quality of 
Instruction, Home 
Environment, Classroom 
Environment, Peer Group 
environment, Mass media 

Thoroughly studied to support the 9 
variables were positive influences of 
student academic achievement. Studies 
also show factors interact of provide for 
optimization of learning when all factors 
are beneficial in supporting the student’s 
learning  

Coleman, Hoffer 
& Kilgore’s 
Model of Student 
Achievement 
(1982) 

Student’s own background, 
other student’s 
background, students own 
behaviour, other student’s 
behaviour, school type, 
school policy 

Coleman et al. (1982) suggested that 
school policy matters are directly affecting 
students’ achievement as it provides a level 
of regulation that other environmental 
factors such as the teacher’s teaching 
practices or their level of skill or 
commitment to teaching can be related.  

Carroll’s Model 
of School 
Learning (1982) 

Student Aptitude, Student 
Ability to understand 
instructions, Student’s 
Level of perseverance, 
Opportunity for learning, 
Quality of instruction.   

Carroll (1982) suggested that the degree of 
student’s learning is a function of the ratio 
of the amount of time the learner spends on 
the task to the total amount of time the 
learner needs.  

Bigg’s General 
Model of Student 
Learning (1985)  

3 Different Levels of 
Learning : Deep, 
Achieving, Surface.  
Personal Factors: 
Perseverance, Ability, 
Prior Knowledge, 
Personality, Home/Cultural 
background.  

Bigg’s (1985) suggested in each learning 
approach encountered by the student, there 
are different strategies and motives in 
learning. To actualize their learning, the 
student’s own interest would have to be 
realized. The student needs to understand 
and organize the meaning of the task in 
order to optimally complete and learn from 
the experience.  

   
 



   

28 

Figure 4. A math achievement model proposed by Joshi to explain for math learning and 

achievement differences in Nepal (1998). 

 

 From Joshi’s summary of learning models, there are many similarities that can be 

generalized across the common factors. All models contain a factor that involves personal 

backgrounds of students in determining their levels of academic achievement. However, the 

levels of personal factors were interpreted differently across different models. Carroll’s (1982) 

model focused on the level of quality and students’ intrinsic abilities to learn or adapt to learning. 

The models suggested by Walberg (1981) and Coleman et al. (1982) were more focused on the 

level of abilities or student behaviour to attribute for personal behavioural differences. While 

Bigg’s (1985) model focused on similar attributes as the previously discussed models, it 

attributed the students’ depth of learning to their overall reflections of achievement. This 

difference of interpretation in personal factors affecting math achievement demonstrated the 

Personal Factor: 
 Gender 
 Age 
 Prior knowledge 
 Motivation 
 Attendance 

Environmental Factor: 
 Learning 

Environment at 
home  

 Learning 
environment at 
school  

 Learning 
environment among 
peers  

Outcome of Learning 



   

29 

need to identify personal factors that are specific in explaining math achievement in 

Saskatchewan students.  

The summary of existing learning models has proposed, applied, and confirmed factors 

and models that can be used to explain math achievement differences. This study attempts to 

explore factors that would affect students’ math achievement in Saskatchewan. In addition, 

different statistical analysis techniques were used in the current study to ensure that the dataset is 

properly explained, and that all possible relationships are explored. The current study samples a 

younger population to reflect on learning traits at an earlier age. The following section discusses 

the possible factors that have been known to effect math achievement.  

Converging Factors  

 From the review of theoretical models, there are numerous themes that have been 

consistently explored by researchers as factors affecting math achievement. The present study 

has identified three themes that have been consistently shown to influence student learning in 

math: Demographic Factors, Personality Attitude Factors, and Community and Extraneous 

Support. The support for each of the themes is discussed in this section. The themes are non-

overlapping, each having its own level of measures. A summary of the models reviewed are 

presented in Table 3.   
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Table 3 
 
Previous Studies on Factors Affecting Math Achievement 

Author  Factors   Author  Factors 

Eccles et al. (1983) SES Kopsovich (2001) Ethnicity 

Stereotyping Motivation 

Self Concept  Persistence 

Expectancies Parent Figure Motivated 

Family Help  Teacher Figure Motivated 

Perceptions of Parents Attitudes Responsibility 

Prior Achievement  Structure of Learning 

Difficulty Learning Alone/Peers 

Goals Authority Figures Present 

Value Kinesthetic 

Eccles et al. (1982) Skill or math knowledge Stipek & Weisz (2001)  
Internal control (controllable by the 
person) 

Consistent effort External (outside of person control  

Immediate effort Stable or Unstable control 

Task difficulty  
Attribution differences failure and 
success 

Natural ability  Chambers and Schreiber (2004) Gender 

Interest in math Extracurricular activities 

Mood and internal state Organized/Unorganized 

Teacher Academic vs. non academic 

Classroom Environment School or non school  

Luck  Ethnicity 

Unclassified.  Dumais (2006) SES  

Vinner (1997) Conceptual/analytical Race 
Pseudo conceptual/pseudo 
analytical Gender 

Joshi (1998) Class attendance  Music lessons 

Parental support Dance lessons 

Peer interaction  Performing arts  

Teacher certification Art lessons 

Teacher's experience Athletics 

Previous math background Clubs participation  

Location of school  Adeyemo and Adetona (2007) Self efficacy 

Achievement motivation Locus of control  

Age Mathematics anxiety 

Parental education Learning outcomes 

Parental educational pressure Study habit 

Career aspirations 

            Self Concept  
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Demographic Factors  

 Studies have been conducted to differentiate and compare certain segments of the 

population to identify higher math achievement by: (a) gender (Marsh & Yeung, 1998), (b) 

cultural background (Barta & Shockey, 2006), and (c) the location of schooling (Young, 1998). 

The following section is focused on these topics to investigate the type of effects student 

demographic characteristics have on math achievement.  

The difference in math achievement between men and women has been heavily debated 

as a factor influencing learning especially in math. Meece (1982) argued that the differences in 

achievement between men and women were due to social causal differences while Parsons et al. 

(1982) argued that the differences were attributed to true gender differences and not a cause of 

math achievement differences. The existence of contradictory findings perpetuates the issue of 

gender as a factor in affecting math achievement. Fan, Chen, and Matsumoto (1997) conducted a 

study to examine gender differences found in the results of the National Education Longitudinal 

Study of 1988. They found evidence to support the notion that girls have a significantly lower 

achievement in math than boys, with the difference increasing with the grade level. The scores 

were also found to be increasingly more extreme with girls, where there are high numbers of 

female students found to be either very successful or failing badly. Although the achievement 

gap was not found in the elementary grades, the learning discrepancy between genders originated 

from that time frame (Fan et al., 1997). Entwisle et al. (1994) supported the previous male biased 

finding in math achievement, and attributed the achievement differences to the perception of help 

available. Specifically, girls’ perceptions of help offered in her surroundings would be different 

than boys’ perceptions of help as males are more sensitive in seeing such opportunity (Entwisle 

et al., 1994). In addition, Parsons et al. (1982) suggested that math achievement differences 
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between boys and girls are further separated by girls having a higher level of helplessness in 

math than boys at a young age. While there were no achievements differences at the young age 

despite significant differences in the level of helplessness, Parsons et al. argued that future 

achievement differences in girls would stem from this prevalent feeling of helplessness in math. 

Chambers and Schreiber (2004) conducted a study on varying relations of extracurricular 

activities with girls’ academic achievement and have found that non-academic extracurricular 

activities tend to have a negative relationship with math achievement. Although there are 

different interpretations as to why the gender gap exists in math achievement, no gender gap was 

identified for Saskatchewan students in the latest SAIP assessment in math (CMEC, 2003).  

 With only two major city centers, Saskatchewan has a comparatively large number of 

students residing in rural areas; 42% of Saskatchewan students received education in rural 

schools (Saskatchewan Learning, 2007). Characteristically different from urban schools due to 

lower attendance rates, rural schools suffer from issues such as having fewer resources and more 

grades in a single school (Kannapel & DeYoung, 1999). The notion of urban and rural schooling 

differences has often been argued in order to account for differences in academic achievement in 

students (Edington & Koehler, 1987; Kannape & DeYoung, 1999; Young, 1998). The most 

recent trends in educational research suggest that rural/urban differences account for such 

differences in achievement, although studies have found conflicting results.  

 There has been strong support within the literature for the notion that urban students 

perform better in math than rural students (Edington & Koehler, 1987; Greenberg & Teixeira, 

1995; Randhawa & Michayluk, 1975; Young, 1998). In a dated but relevant study about rural 

education in Saskatchewan, Randhawa and Michayluk (1975) argued that rural classrooms in 

Saskatchewan are more disorganized in lesson implementations, and have a higher tendency to 
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deviate from the curriculum due to a higher teacher workload and classrooms with higher grade 

spread. It was also argued that rural schools have a difficult time in attracting high quality 

personnel in comparison to urban schools, with the latter having more students, resources and 

course offerings (Gutstein, 2003). Gutstein argued that the greater number of teachers in urban 

schools provide support to ensure teaching quality, as teachers have the opportunity to consult 

with and provide help for one another. Other studies have attributed the achievement differences 

to socioeconomic status differences between rural and urban communities (Alspaugh, 1992; 

Young, 1998) and school sizes (Wilson, 1985). From the arguments made, rural schools are 

considered to be disadvantaged resource-wise and academically inferior compared to urban 

schools, but other studies have found opposite results. 

Studies have also found favourable results for rural students in math achievement. For 

example, Alspaugh (1992) found no rural/urban differences in math achievement. Beck and 

Shoffstall (2005) found rural students perform better than urban and suburban students in high 

stakes large scale assessments in math and sciences. Other studies have concluded that rural 

schools perform better than urban schools in classroom assessments (Alspaugh & Harting, 1995; 

Haller et al., 1993). The argument as to why rural schools do better than urban schools 

academically is based on the idea that students in rural schools are taught in a more applicable 

and practical manner due to lower student enrollment, and more time spent with students being 

the key factor (Fan & Chen, 1999). Most studies have shown no significant differences in math 

achievement between rural and urban areas, and it has been many years since a study has been 

published on the rural urban differences of education in Saskatchewan (Ranhawa & Michayluk, 

1975). 



   

34 

The demographic factors explored in this section have been shown to be influential in 

affecting students’ math abilities. Such factors as gender, cultural factors, and locations of 

schools have been discussed regarding their effects on math achievement. The next section looks 

at students’ attitudes and personalities that may affect their learning in math. 

Personal Attitude Factors  

Attitudes and personal traits are paramount to a person’s learning achievement. As 

mentioned in previous sections, studies have shown personal attitudes to cause significant 

differences in math achievement. Students’ anxiety towards math has often been the focus of 

personal attitudes, with levels of anxiety towards math being detrimental towards math 

achievement (Ma, 1999). The present study focuses on the level of confidence and locus of 

control for math achievement as the level of anxiety is related to both factors. 

Locus of control in the current study can be described as an attribution of error or success 

in the students’ achievements in math. The general premise in locus of control is to identify 

whether success was attributed in two dimensions:  internal or external and stable or unstable. 

Weiner (1974) suggested the students’ success or failure attribution could be explained along 

those two dimensions. For example, if the result was attributed internally, the subject would 

likely be blaming or attributing their results to their own abilities. Whether they would be self-

blaming or self-praising would be dependent on whether they see that event as a positive or 

negative attribution. Conversely, if a student were to externally attribute the results they receive, 

they may attribute their results to luck if it was an unstable attribution, or on the difficulty of the 

questions if it was a stable attribution. The process of causal attribution is important in math 

achievement as it determines how students handle feedback for their work. There have been 
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different theories as to which method of causal attribution would be most beneficial in students’ 

learning.  

Stipek and Weisz (1981) conducted a study to determine how success and failure are 

related to academic achievement. The authors found that intrinsic motivation relates heavily to 

the level of perceived control. This finding supports the notion that a higher level of academic 

achievement is related to an internal attribution rather than external events. For example, 

attribution of results towards their abilities (internal) could lead to a level of learned 

helplessness, as students would not be encouraged to try harder to learn because they believe that 

they have limited abilities. Moreover, if the cause of achievement were attributed in an unstable 

manner (i.e., luck), the student would be less likely to learn compared to a stable attribution of 

success (i.e., a level of effort they exert). This finding has been debated over the focus of 

question wording, where an external attribution of traits may be dependent on the difficulty of 

the question. Students’ attributions could be biased towards an external attribution (i.e., the 

question was too hard) if questions were unclear to a student, where he or she would not realize 

that his or her internal attribution insufficiencies (i.e., they did not study enough) were true 

(Nicholls, 1978).  

The type of causal attribution is an important factor for students as it optimizes their 

processes in learning math. It would be interesting to find which type of causal attribution is 

preferred by students in the province. The findings would be beneficial in identifying the level of 

support that may be needed in order to help students to further succeed in math achievement.  

Level of confidence in math has also been shown to be a predominant trait that 

contributes toward learning. A high level of confidence prompts a higher likelihood for students 

to respond to questions and also a lower level of anxiety in the subject tested. This effect would 
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allow students to achieve better academically because they are more confident in their responses 

and are more willing to answer questions or solve problems (Lawrence, 1985). While this effect 

may hold true in developing reading skills and other motor skills (Laszlo & Sainsbury, 1993; 

Lawrence, 1985), it is debatable as to what effect the level of confidence in math has on math 

achievement.  

Ma & Kishor (1997) conducted a meta-analysis on the strength of the relationship 

between attitude and achievement in math, where they summarized more than 113 studies that 

examined attitudes of students towards math. Although they have found no significant trends as 

to whether a positive or negative attitude towards math affects math achievement, there were 

significant differences in level of confidence in math with the ability to solve and complete math 

problems (Ma & Kishor, 1997). Classically, the study of math confidence is tied to the level of 

self-concept, which had a history of maintaining a positive relationship with general academic 

achievement (Reyes, 1984). Self concept has been found to be consistent across gender (Adrian, 

1978), and results in a positive correlation between assessment results and problem solving 

abilities (Reyes, 1984). Confidence in learning math is also reflected in large scale assessments, 

where studies such as the National Longitudinal Study of Mathematical Abilities found a 

moderate relationship with confidence along with achievement (Crosswhite, 1972). From the 

above past findings, there is strong support for hypothesizing that confidence would be a positive 

factor of math achievement, although recent studies have shown a high level of confidence may 

not be all beneficial in math learning due to overconfidence (Chen, 2002).  

Jones and Smart (1995) conducted an intervention process on confidence level with 

students in math achievement. They found that a level of learned helplessness and a fear of 

success dominate the current perspective of math education, where students who are successful 
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in math did not have a high level of confidence. In addition, gender biased perceptions exist, as a 

high level of success in math is negatively viewed by their peers. The above study further 

reinforces the notion that students who may be successful in math may not have strong sense of 

confidence in math. Adeyemo and Adetona (2007) suggested that self concept is a crucial factor 

in math achievement and is a generalization of confidence in math learning, although they only 

demonstrated a 4% correlation of variance with outcomes of math achievement when the level of 

self concept was plotted in a path model. Another study suggested that the student level of 

confidence in math is dependent on the level of self-confidence of the teacher in their ability to 

teach math (Stipek et al., 2001), however Wagner and Phillips (1992) have found students’ levels 

of academic confidence are related to their self-perceptions of their competences. 

The above section has demonstrated the different effects that personal factors have on 

math achievement. From the summary of models and previous research, the factors that would be 

evident in effecting math achievement would be the students’ levels of confidence in math and 

their locus of control in attributing their math achievement. The following section discusses 

possible extraneous factors that affect students’ math achievement.  

Community and Extraneous Support 

Previous studies suggested that extraneous factors for learning such as quality of 

classroom environment, peer interactions, peer group study environment, and learning 

environment at school have an effect on students’ math achievement. The current study will 

focus on the schools’ quality of instruction and levels of support amongst peers’ extra-curricular 

factors as the extracurricular factors that affect the students’ math achievement, because the 

factors are mandated to be equal across all schools (Saskatchewan Learning, 2004), and are 

uncontrollable from the perspectives of students and parents. As the current study tries to 
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identify extraneous factors that may aid and improve the level of math achievement in 

Saskatchewan, the factors investigated should be malleable to help the level of math 

achievement.  

The availability of parents to help is important to students’ learning, but the level of 

parental involvement may have a different effect on student learning. The general belief is that 

the more time parents spend with their children regarding school work, the more likely their 

children will be academically successful. While this notion was tested to be true for elementary 

students (Drissen, Smit & Sleegers, 2005), the difficulty in determining levels of help needed by 

each student is different for parents of ethnic minorities or low SES, as they may be less able to 

determine effective strategies in helping children with their school work (Drissen et al., 2005). 

Epstein (2001) established six different types of parental involvement with respect to being 

active with their children’s education, the six factors are: (a) parenting, (b) communicating, (c) 

volunteering, (d) learning at home, (e) participating in school decision making, and (f) 

collaborating with the community. The six types of parental involvement are essential factors in 

providing services for student education. Drissen et al. (2005), based on a large scale dataset 

collected in the Netherlands, found ethnic minority parents were less likely to participate in their 

children’s education and the effects of their involvement were not as evident compared to non-

ethnic minority parents. This conclusion leads to the question of whether other types of 

differentiation exist in terms of parental aid. For example, Pong (1997) suggested that single 

parent families would lead to a negative effect on children’s academic achievements even if 

demographics and backgrounds were controlled. McLanahan (1985) attributed this effect to the 

lesser amount of time the parents have to spend with their children. This finding was supported 

by Zill (1994), who found a lower level of parental involvement when the student was brought 
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up in a single parent household than a dual parent household. Findings on the differing effects of 

academic achievement by varying types of parental involvement signify that the relationship 

between parental involvement and academic achievement is not straightforward. 

Jeynes (2005) conducted a meta-analysis of 41 studies to explore the relationship 

between parental involvement and elementary student academic achievement. The study found 

an overall positive relationship, which supported the main hypothesis, but a few contradictory 

findings were also discovered. The study did not find that having parents checking on their 

children’s home work had a significant positive influence on academic achievement. 

Furthermore, there were mixed findings from the analysis for the parental involvement group, as 

over-involvement may also harm the effectiveness in students’ academic achievements due to a 

development of dependence of the child on the parent’s help (Jeynes, 2005). In addition, Morgan 

and Sorensen (1999) identified a negative relationship in students’ achievements as parental 

networks developed to support their involvement within schools became more socially enclosed. 

This finding suggests as parents become overly involved with the process of their child’s 

education, the level of academic achievement within their children may also decrease.  

 A common belief is that math skills will improve with more practice. Although students 

obtain practice for math from the assigned homework, there is a lack of opportunities to practice 

math aside from the assignment of homework. This lack of opportunities led to studies that 

investigated the effects of extracurricular activities on achievement. Sheldon and Epstein (2005) 

utilized longitudinal data to investigate the level of community involvement in activities related 

to math achievement. Their study revealed a positive relationship between math achievement and 

community partnerships that allowed for practice of skills learned in school. This claim was 

generally supported by Dumais (2006), where extracurricular activities were shown to be 
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beneficial in improving academic achievement. The effects of extracurricular activities were also 

extended to improve academic outcomes of ethnic minorities and students with low SES. On a 

closer examination of the results produced by Dumais (2006), the extracurricular activities that 

involved arithmetic skills such as music did not have significant impact on math achievement. 

Although there has not been previous research on the effects of math related extracurricular 

activities and its effects on math achievement, Papanastoasiou and Bottiger (2004) conducted a 

case study on the effects of a math club. The authors suggested that a math club at the middle 

school level increased opportunities to do math as well as awareness in math. The results of the 

study suggested that math clubs promote a positive attitude towards math and are associated in 

encouraging students to attain and pursue math related goals and careers (Papanastoasiou & 

Bottiger, 2004). This finding is significant as it showed the participation of extracurricular 

activities involving math (i.e., Math club, Mathlete) would directly affect students’ math 

achievement.  

 In summary, there are three themes that are dominant and heavily expected to affect math 

achievement, including: demographic factors, personality attitude factors and community and 

extraneous support. The present study was designed to investigate for those themes in 

Saskatchewan students. Specifically, the current study examined whether the gender gap existed 

with Saskatchewan students, and if so, where the gap lies. In addition, the current study 

examined differences between rural and urban student achievement to investigate whether 

previous findings about rural schooling still stand now. From the studies highlighted above, it is 

evident that the level of confidence in math is a complex relation and does not relate simply to a 

positive outcome in math achievement. This is contradictory to findings from classical research 

in math achievement, where the level of confidence was dependent on the level of math 
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achievement. Lastly, the present study explored the extent to which personal attitude factors such 

as confidence and locus of control had an effect on Saskatchewan students’ math achievement, 

and if so, whether that effect has a negative or positive impact on math achievement.  

Current Study  

The current study employed exploratory factor analysis to first identify common themes 

in the student questionnaire. Then using results from the AFL Math Assessment program 

collected in 2007, a regression analysis determined the level of relation that the common themes 

have with math achievement scores.  

Hypotheses 

Given the level of literature reviewed as justified in above sections, the following 

hypotheses were formulated in order to address the research questions stated in Chapter One: 

H1a: There will be factors that are identifiable in relation to math achievement.  

H1b: The factors will be related to the themes that have emerged from the previous 

review of math achievement models.  

H2: The factors will have a significant relationship in affecting math achievement from 

the AFL results tested.  

H3: There will be no significant differences in mathematics achievement due to 

differences of school location or gender.  
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Chapter Three 

Methodology 

The following chapter outlines the methods used in the current study. The chapter 

restated the purpose of the analysis, and addressed the sampling population and the 

demographics information. Questions used and responded to by the sample population were 

discussed in the instrumentation section. The design of the study was explained, followed by a 

short explanation of the methods used for data analyses. Lastly, ethical considerations were 

discussed.  

Research Questions 

The present study is designed to investigate the following issues: 

1. Are there identifiable factors amongst students in Saskatchewan that may affect 

academic achievement in math? If so, what are the factors? 

2. Can student questionnaire responses, such as the ones designed according to OTL, be 

used to evaluate math achievement differences across Saskatchewan?  

3. Does school location or student gender have a significant effect on math achievement 

differences? 

In order to measure math achievement among students in Saskatchewan, results from the 

2007 mathematics assessment for learning program were used as a measure of math 

achievement. 

Sampling 

The current study is a secondary data analysis which utilized data that had been 

previously collected for the provincial mathematics assessment program in 2007. The sample 

population of the dataset was selected using a non-random, purposive sampling technique. 
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Specifically, the study included students that were studying under the Saskatchewan curriculum 

(i.e., excludes federally funded schools) in Saskatchewan that have participated in the 

Mathematics Assessment Program. In total, 11,279 grade five students participated in the 

assessment. All grade five students in the province were required to participate in the assessment. 

Such information as the socioeconomic status or family demographic information was not 

collected. However, the relatively large sample size should produce generalizable results for all 

students studying within the education system in Saskatchewan.  

The students were administered the assessment province-wide within a two-week period 

in late May 2007. The tests were completed school-wide in two days during class time with three 

hours allotted between the two days to complete the entire assessment. Upon completion of the 

mathematics assessment, students were asked to complete the student questionnaires for 

supplementary information. All students were required to complete the assessment unless they 

could provide a written notice for medical exclusions. No information was provided for the 

criterion for which students with special needs had to complete the assessment.  

Instrumentation  

The design of the current study was based on studies that attempted to investigate factors 

affecting math achievement as discussed in previous chapters (Ethington, 1992; Joshi, 1998; 

Kopsovich, 2001). The current section discusses the variables used in the current study as well as 

the survey and tests that were administered to students for the analysis of this study.  

Student Questionnaire 

The questions used as the exogenous or explanatory variables in the current study were 

designed by Saskatchewan Learning. The questionnaires were administered to students following 

their math assessments. The questionnaire consisted of 100 questions that probed the students’ 
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learning habits and feelings towards math learning (see Appendix 1). The questionnaire was 

designed by Saskatchewan Learning based on the models of Opportunity-to-Learn (OTL; 

Saskatchewan Learning, 2000 a, 2000b). The OTL model was originally designed to report for 

three themes with students for the math assessment: Readiness, Persistence and Parental Support 

(Saskatchewan Learning, 2000 c). Although some of the questions were devised based on 

student questionnaires used by SAIP and PISA, no specific psychometric evidence or reasoning 

was built into the construction process as the questionnaire was not designed as a research 

instrument (Saskatchewan Learning, 2000 b). However, there were a few questions created with 

background information; hence those questions from the questionnaire were placed in a subset of 

questions to investigate students for possible factors in the current study. The current study used 

a subset of 17 question responses from the questionnaire because the questions had been used 

and demonstrated reliability on other learning factors identified within the SAIP program (SAIP, 

2003). The list of the subset questions along with their supporting references in other assessment 

programs are listed in Table 4. It should be noted that the questions used in the subset were 

renamed with the suggested factors as a prefix for easier identification during factor analysis. 

The instructions for the questionnaire addressed anonymity of the information and encouraged 

students to attempt to complete the questionnaire in its entirety. 

After the responses to the questionnaire were collected, the responses were appropriately 

dummy coded for the respective responses along with changing letter-coded variables into binary 

coded variables. Missing data were appropriately coded for the Statistical Package for Social 

Sciences (SPSS, 2006), the data analysis software used in the study. Other multivariate data 

cleaning efforts were used and are discussed in later sections. The results of the questionnaire 
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were combined with students’ respective math assessment results using a unique identifier for 

each participant.  
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Table 4 

Items in the Subset from the Students Questionnaire administered with the Assessment for 

Learning Program in 2007  

Variable 
Name Question wording Related References 
Locus of control towards Math Achievement(LQ) 
LQ8 Do you learn mathematics most easily when you… Chart 89; SAIP(2003) 
LQ9 To do well in mathematics at school, which is most important? Chart 90; SAIP(2003) 
Confidence towards Math(CQ) 
CQ6 What do you think of the statement: "I like mathematics"? Chart 98, SAIP(2003) 

CQ7 What do you think of the statement: "I feel confident when I do 
mathematics questions"? p. 92, SAIP(2003) 

CQ171 Math is easy to understand p. 91, SAIP(2003) 
CQ1720 I feel confident talking about how math is used in real life. Chart 85, SAIP(2003) 
CQ1723 I feel confident learning math. p.54, SAIP (2003) 
CQ1729 I like mathematics. p.54, SAIP (2003) 
Parental and Extra-curricular Help(PQ) 
PQ201 They are interested in how I am doing at school. p.56, SAIP (2003) 

PQ2012 They ask me questions about math and encourage me to find 
answers. p. 56, SAIP (2003) 

PQ2013 They like to help me or work with me when I am doing my math 
homework. Chart 87, SAIP (2003) 

PQ2015 When they help me with math homework, they make sure I 
understand it. Chart 103, SAIP(2003) 

PQ2017 They help me learn math. p.57, SAIP (2003) 

PQ21 Are you happy with how well your family supports your 
learning? Chart 18, SAIP (2003) 

Extra-curricular Involvement in Math(OQ) p. 92, SAIP(2003) 

OQ1817 I try to figure out how the math I learn in class might be useful in 
the real world or in my other subjects. p. 80, SAIP(2003) 

OQ1819 When I am having trouble with a hard math problem, I use the 
internet to help me solve it. Chart 51, SAIP(2003) 

OQ 19 How often do you do your own math activities or projects outside 
of class time (just for fun)? p.80, SAIP(2003) 



   

47 

Mathematics Assessment 

The 2007 mathematics assessment program devised by the Assessment for Learning 

department was designed in collaboration with Saskatchewan Learning in consultation with 

practicing teachers. The assessment was designed with four sections: Math Proof, Calculator 

Use, Multiple Choice, and Computer Use. The current study used only the results from the 

Multiple Choice section. The assessment was administered to grade five students with the same 

administration procedures as mentioned in the questionnaire section; a total of 40 multiple choice 

questions were administered in both tests. Each question given in the multiple choice section is 

referenced to a specific learning objective listed in the curriculum guide for the specific grade. 

Each question can be placed into a sub-category of learning objectives. The categories of 

learning objectives and the number of questions dedicated to the respective categories were 

previously presented in Table 1. See Appendix 2 for the questions used in the math assessment.  

The scores of the math assessment were tabulated in the following manner. Each correct 

multiple choice response would earn a point. The points are represented in two ways: (a) a total 

of all correct responses and (b) a set of subsection scores tabulated by correct responses within 

each learning objective. The current study uses both scores to determine any specific differences 

in factors affecting math achievement according to a specific learning objective. Although the 

scores of the test were originally designed under the criterion referenced model, the test results 

were not released to the public on an individual basis, and the results of the assessment are used 

for curriculum development purposes. The results of the math assessments represent the 

consequent (dependent) variables in the proposed model. 

The following section first discusses the validity and reliability evidence in the Math 

Assessment (the multiple choice section), followed by the student questionnaire. There has been 
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minimal validity information published on the construction methods of the assessment, so the 

present study attempts to describe evidence for information that was not provided by AFL.  

The following section is a description of the content validity, which is the ability of test 

questions that can represent the math skills the students should have attained in their respective 

grade (Cronbach & Meehl, 1955). All questions within the math assessment have a reference to 

the relevant learning objectives as listed in the curriculum. In addition, 48 randomly selected 

teachers were involved for standard setting to provide for content and construct validity 

improvements (Saskatchewan Learning, 2008).  

Criterion validity, the ability that test questions would reflect on other types of test 

(Cronbach & Meehl, 1955), has not been demonstrated. This type of validity may not be 

necessary for the assessment design process with Saskatchewan Learning as the Ministry is only 

interested in finding learning differences among Saskatchewan students.  

Evidence for content validity is to demonstrate that the content of the assessment is 

testing the material being instructed. The AFL assessment demonstrates such evidence in the 

design of the assessment. The content of the assessment was derived directly from the learning 

objectives as stated in the provincial mathematics curriculum with each item tested referenced 

back to the specific learning objective in the curriculum (Saskatchewan Learning, 2008). The 

above design should provide sufficient evidence that content validity of the assessment is met. 

No other large scale math assessment instrument exists for evaluating the Saskatchewan 

curriculum. Therefore, convergent validity cannot be demonstrated.  

For the purpose of reliability, the question responses were examined using Coefficient 

Alpha (α) to test for internal consistency to ensure the reliability of the responses to be 

represented as a measure of math achievement. Dunnaly(1978) suggested for a threshold of α > 
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.7 as evidence for internal consistency in a scale. In contrast, the questions posed in the student 

questionnaire were not created based on any type of reliability or validity evidence.  

Proposed Design 

 In order to address the research questions as listed and to confirm the model of math 

achievement for students in Saskatchewan, the present study was conducted in two phases. The 

analysis procedure is depicted in Figure 5. The first phase of the study addressed whether there 

were common factors within the student questionnaire responses. To investigate the possible 

relationship, a set of factor analyses was completed on two sets of responses. The first iteration 

attempted to factor-analyze all 100 responses of the student questionnaire in attempts to find 

common themes. A second iteration of the factor analysis was comprised of 20 questions that 

have been previously used and suggested to probe certain aspects by other assessment programs. 

The purpose of conducting a series of exploratory factor analyses was to confirm their expected 

relationships amongst the grade five student responses in Saskatchewan. If the questions did 

prove to cluster in groups as predicted, they would suggest the existence of learning factors 

among elementary students in Saskatchewan. After the student questionnaire responses were 

explored for the possibility of factors, the second phase of the analysis explored how the 

questions and factors affected math achievement. The first phase of the study was used to 

demonstrate the existence of the model, which would allow for the use of regression modeling in 

the next stage.  
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Figure 5 Figure Showing the Design of the Present Study 

 

 

The second phase of the analysis was devised to determine the relationship between math 

achievement and factors suggested by the first phase of the study; using stepwise multiple 

regression as the prediction method. The benefit of using regression analysis was to allow 

univariate interpretation of the questions that affected math achievement. Multiple predictor 

variables such as the questionnaire responses could be analyzed for their effects with the 

students’ math assessment scores. To prevent the model from over-fitting the sample given, 

cross-validation methods were employed to ensure model consistency. If the questions are 

effective in influencing math achievement, they should prove to be a significant variable in the 

regression model. Lastly, in order to test significant differences between demographic categories 

as listed in research question 3, the use of Multivariate Analysis of Variance (MANOVA) was 

used to determine differences in math achievement across demographic categories.  

Data Analysis 

Exploratory factor analysis (EFA) is a method used in behavioural and social sciences 

research to reduce the number of variables into smaller subsets by analyzing and clustering 

similarly responded variables (DiIorio, 2005). The key feature of EFA is to allow the 
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identification of latent variables, variables that are not measurable and indirectly relate the 

measurable to the explanatory variable. An alternative analogy of a latent variable could be 

thought of as the overarching theme that represents measurable or predictor variables that tend to 

correlate well together (DiIorio, 2005). To determine whether an EFA model fits or if the factor 

extraction is useful, the given eigenvalues and percentage of variance accounted for can be used 

to determine fitness factor modeling. 

The Kaiser-Guttman rule, the most commonly used criterion for factor extraction 

(DiIorio, 2005), suggests the extraction of any factors that have an eigenvalue above 1.0. Since 

the eigenvalue is determined from the pool variances accounted for by the suggested factor, the 

Keiser-Guttman rule can be argued to be over or under-estimating the number of factors to 

retain, as the pooled variances do not necessarily reflect the level of correlation within the factor 

and between factors (Tabachnick & Fidell, 2006). 

The interpretation of the scree plot produced from eigenvalues of the factors is an 

alternative method for factor extraction. An analysis of the screeplot suggests that any factors 

deviating from the slope originating from the least significant factor (lowest eigenvalue) are 

considered significant (Tabachnick & Fidell, 2006). The analysis of the screeplot is often the 

initial analysis within a factor analysis. Although it is not very statistically sound, combined use 

of the screeplot and Kaiser-Guttman offers complimenting evidence to differentiate and identify 

significant factors.   

There are different methods of conducting EFA, the present study has chosen the method 

of principle component analysis (PCA) as the method for EFA. The PCA is somewhat different 

from other EFA methods, where PCA analyzes for communalities between factors as it is used to 

account for common variances (DiIorio, 2005). Other EFA methods, such as maximum 
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likelihood estimation or principle axis analysis, have a more stringent procedure in grouping 

correlated variables by accounting for unique variances within each factor in contrast to common 

variances in PCA. The use of PCA is to identify common factors among the student 

questionnaire responses and group the questions that elicited for a similar pattern of responses 

together. Since the sample size of the study is large, with over 5000 grade five students after list-

wise deletion of missing data, the use of any EFA methods was suitable for reporting 

(Tabachnick & Fidell, 2006). The use of Kaiser-Guttman and screeplot was used for factor 

extraction from the PCA. Assumptions of the PCA were tested, but with the relatively large 

sample size, the key assumption of skewness was not likely to be violated. 

Factor analysis can be difficult to interpret depending on how the questions are clustered 

together and where the perceived latent factor is thought to be. The availability of rotation 

methods simplifies the interpretation of factors by allowing the rotation of the axis of the 

theoretical factors to allow a more accurate depiction of the themes represented. The two 

rotational types most commonly used can be separated into orthogonal or non-orthogonal. An 

orthogonal rotation assumes latent variables or factors to be unrelated to each other. This would 

allow easier interpretation of unrelated factors in a clearer manner, but it would not be a fitting 

rotational method for extracted factors that may be related to each other. The non-orthogonal 

rotation (oblique) methods are beneficial for interpretation of latent variables that may be closely 

related to each other. Non-orthogonal rotation would allow better interpretation of highly related 

latent proposed factors, but the interpretation of the factors would have to be carefully 

considered due to a higher possibility of misrepresentation of measured variables or variables 

related to a different factor. 
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In the second phase of the analysis, multiple regression (MR) was used as the method of 

analysis to investigate the relationship between the student questionnaire responses and math 

achievement results. The present study used results of the EFA to create categories of scores 

according to the suggested factors and used them as dependent variables in the MR. To do so, 

scores for the items belonging to each factor were summed to create a new score to represent the 

factor. Coefficient alpha was calculated for items within each factor to account for internal 

consistency. The current study incorporated a cross-validation design, where two regression 

models were tested to ensure the model was reliable and to prevent over-fitting of the model. 

Tabachnick & Fidell (2006) suggested that the dataset should be divided into an 80-20 percent 

split for cross-validation models, such that the results from a smaller portion of the sample will 

be used to validate the model created from the majority of the sample. The first regression model 

was constructed from 80% of the sample using random selection. The results were placed in the 

MR using the stepwise entry method at an entry requirement of p < .05 and rejection requirement 

of p > .10. In addition, the second regression model is created from the remaining 20% of the 

students results to see whether the first model will hold using the remaining sample. Significance 

of the second model was reported as the test of significance to see whether the first regression 

model would hold. In order to ensure that multivariate assumptions were met, multivariate data 

cleaning was completed before data analyses.  

Multivariate Data Cleaning  

Descriptive analysis was conducted for the purpose of data cleaning, to examine the 

general tendency of data, and for the purpose of data cleaning. Individual descriptions of the 

variables were examined to check for skewness of all individual measures. Furthermore, the 

dataset was cleaned of erroneous variables and re-categorized into missing variables. Test of 
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Mahalanobis distance was completed for outliers, and a correlation matrix was developed to 

examine multicollinearity (Tabachnick & Fidell, 2006). The dataset was cleared of missing 

values to increase power to the model, an assumption of multivariate analysis (Tabachnick & 

Fidell, 2006). The method of case-wise deletion was used in dealing with missing values. The 

case-wise (or list-wise in SPSS) deletion exempts the sample selection with the missing data 

from the analysis, as it takes the entire sample (case) out of analysis. The case-wise method was 

beneficial for maintaining an analysis with no missing data, but if missing data were sporadic 

and highly evident in the dataset, the use of case wise deletion would result in a low sample size 

hence threatening the power of the study.  

In addition to multivariate data cleaning, the present study also utilized correlation tables 

and coefficient alpha methods to ensure reliability in the assessment results to confirm for their 

respective categories. The following section discusses the ethical concerns for the study. 

Ethics 

The information used in the current study was kept confidential and met the ethical 

demands according to the information release act from Saskatchewan Learning. No individual 

records were used for comparison, nor was the overall performance of the assessment discussed. 

The present study focused on the factors that affect math achievement and how significant an 

effect would have on math achievement. In addition, information regarding specific schools or 

boards was not discussed. The use of information that could potentially be individually 

identifiable was destroyed. An ethics proposal was submitted and ethical approval was exempted 

from the present study, see Appendix 4 for details.  

The current chapter discussed the methodology and explanation of the procedures to 

conduct the current study. All aspects and specification of the study were outlined. The next 
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section begins the explanation of the research data and the results of the analyses conducted in 

the study.  
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Chapter 4 

Results 

 The purpose of this chapter is to present the results of the data analysis. The results of the 

study are presented in the order of the research questions. In addition, descriptive statistics 

regarding student demographics are presented. 

 The study included students enrolled in grade five in the public education system in 

Saskatchewan; their demographic information is presented in Table 5. Only a limited amount of 

demographic information was collected from the students in the student opinions survey, as the 

Ministry considered detailed student information was unnecessary for their analysis. The results 

revealed that 48.9% of the students who participated were male and 47.4% were female; 41.7% 

of the students lived in a rural environment, and 57% of the students were from schools in an 

urban environment. As well, information was collected to indicate whether the students had 

identified themselves to be aboriginal descendents. Approximately one third (36.1%) of grade 

five students had identified themselves as aboriginal descendents.  
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Table 5  

Student demographics in AFL Math Assessment Program for 2007 

Demographics N Percentage 
Location 

Rural 
Male 2,300 20.39% 
Female 2,242 19.88% 

Rural Total 4,542 40.27% 
Urban  

Male 3,158 28.00% 
Female 3,024 26.81% 

Urban Total 6,182 54.81% 
Missing  555 4.92% 
N 11,279 100.00% 

 

The multiple choice section of the AFL math assessment was used as a measure of math 

achievement for this study. The multiple choice section, comprised of 40 questions, was derived 

from five learning categories: Whole number operations, Fractions, Geometry, Measurement and 

Data Analysis, where each correct response to a question would correspond to a point. A 

description of the assessment results is presented in Table 6. The maximum score is the highest 

possible number of correct responses a student can achieve. Means and standard deviations of 

categorical scores suggest that the distribution of scores are normally distributed, independent of 

confounding factors, and do not exhibit any ceiling or floor effect; all of which were assumptions 

for the data analyses used in this study. Furthermore, the study has avoided further discussion of 

the assessment scores (i.e., how the students were scored in each category, whether the students 

did well) due to the complex and sensitive nature of the results. Instead, the study used the 

variances of the math scores with the grade five students as a dependent variable to determine 
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how math achievement varies according to student questionnaire responses. It should be noted 

that the grasp of each student in each category is not consistent, this is exhibited by the score 

differences between Whole Numbers and Fractions. While Whole Numbers had one fewer 

question than Fractions, fractions had a lower mean than Whole Numbers. The difference of 

means suggests students’ grasp of Fractions, according to the Ministry’s curriculum, was weaker 

than their grasp with Whole Numbers. Otherwise, the categories of learning correlated well with 

each other, as the coefficient alpha for the five categories was high (α = .82). This high 

correlation provided evidence for internal consistency to show that the assessment results from 

each category can be represented as a single measure to represent students’ math achievements.  

 

Table 6  

Descriptive statistics of the AFL Math Assessment scores for grade five students in 2007  

Variable s Minimum Maximum Mean Std Dev 

Whole Numbers 0 11 6.55 2.59 

Fractions  0 12 5.79 2.55 

Geometry 0 5 2.84 1.30 

Measurement 0 7 4.4 1.67 

Data Analysis 0 5 3.17 1.24 

Total Score 0 40 22.74 7.49 

r2 = .821 

Data Cleaning and Correlations 

 Mahalanobis distance is a method of analysis used to determine the independence of the 

multivariate data from an unknown mean and to identify outliers in the data (Tabachnick & 
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Fidell, 2006). The purpose of using Mahalanobis distance was to ensure that the dataset is 

representative of the sample. For example, if there are too many outliers in a given sample, it 

would suggest the sample response may be too scattered, which suggest the existence of 

confounding variables outside of the variables used in the analysis. In this study, the findings 

have a mean Mahalanobis Distance of M = 24.00, SD = 9.3, and a total of 130 outliers were 

identified in the sample, accounting for 1.5% of the entire dataset. These results demonstrated 

that there were no significant influential observations in the dataset, therefore suggesting the 

dataset was representative of the population. Univariate tests of outliers using leverage values 

have yielded no outliers in this study, where the largest leverage value (h=.0054) from the 

sample did not exceed the maximum calculated leverage value (h<.0057; Tabachnick & Fidell, 

2006). The results of the leverage values suggested that there were no significant outliers in the 

multiple regression model tested in this study. 

Correlations among responses were calculated for reliability purposes (see Appendix 3). 

However, the inter-item correlation did not reveal any extremely high or extremely low 

correlated responses that would be considered redundant if both items were included. The use of 

list-wise deletion was used in all cases to eliminate respondents with missing values. This 

freedom of removing cases with missing values was allowed as it was not problematic for the 

effect size because the sample size was well over 5000 for all analyses completed. Further data 

manipulations were completed to better accommodate the data. Specifically, two questions (LQ8 

and LQ9) were recoded to reflect the changes of attribution as previously identified and used in 

SAIP. In addition, questions 20-1 and 20-15 were reverse coded because the wording of the 

questions was negatively phrased compared to other questions. The individual questions and the 
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possible responses are presented in Appendix 1. The following sections explain the results of the 

study in the order of the research questions posed.  

Research Question 1:  

Are there identifiable factors amongst students in Saskatchewan that may affect academic 

achievement in math? If so, what are the factors? 

To respond to the first research question, a set of exploratory factor analyses were 

completed to determine if there were grouped responses that suggested a trend of factors. First, 

an EFA was conducted on all one hundred items from the student questionnaire (see Appendix 

4). One criterion used for extracting a factor was an eigenvalue greater than one (Tabachnick & 

Fidell, 2006). A scree plot was also used to help determine the number of extracted factors. An 

item was considered to fit a factor when the factor loading value is greater than .32 (Tabachnick 

& Fidell, 2006). The value of .32 was used because it accounts for approximately 10% of the 

variance in the responses. This technique is prevalent in EFA factor extraction (Comrey & Lee, 

1992).  

The results of the principal component analysis produced a non-rotated factor solution 

that was very similar to the rotated factor solution, therefore rotated solutions were displayed to 

ease the interpretation of factors. The non-orthogonally rotated factor solution was not 

significantly different from the orthogonally rotated solution, suggesting that non-orthogonal 

rotation was not necessary in this case. Thus, only the orthogonally rotated factor matrix is 

displayed in Appendix 4. The results of the factor analysis showed positive support for the idea 

that some of the question responses may be related to one another. The scree plot suggested the 

existence of 6 to 7 factors (See Figure 6) for the 100 items, but the Kaiser-Guttmann method of 
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extraction suggested the existence of 24 factors accounting for 49.2% of total variance. The 

abundance of factors extracted was extremely difficult to interpret.  

The discrepancy between the results of different extraction methods and the difficulty in 

interpreting a 24 factor solution prompted the need to examine a smaller subset of questions. The 

use of a subset that has been previously supported by other assessment programs may be 

beneficial in this case as the subset items had already been suggested to relate to certain factors. 

If the questions had a similar pattern of responses, then they should suggest that students in 

Saskatchewan have the same learning style differences.  
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Figure 6. Scree plot of the PCA results with all items in the student questionnaire.  
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The items for the subset, presented in Table 4, and the use of PCA on the subset of 

questions, yielded favourable results for the existence of affective factors in Saskatchewan 

students’ learning. The extraction of factors was based on the consensus of the scree plot results 

and the Kaiser-Guttman rule for factor extraction (DiIorio, 2005). Based on the Kaiser-Guttman 

method, there were four suggested factors to be extracted. In contrast, the results of the scree plot 

suggested the existence of three possible factors (see Figure 7), as there were only three distinct 

points that differed from the slope originated from the right hand side of the graph. 
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Figure 7. Chart showing scree plot results from PCA of subset items.  
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The four distinct factors were then rotated using an orthogonal rotation method 

(varimax), which allowed for a more even distribution of variances across all factors. The factors 

extracted accounted for 47.2% of the variances from the questions, and were also supportive for 

three of the four factors used in the subset. The suggested factors were: confidence in math, 

extra-curricular involvement in math and parental involvement in math. The items belonging to 

locus of control category were seen to be insignificant (see Table 7). The reasons that the fourth 

factor was eliminated were: (a) the discrepancy between the results of the scree plot and Kaiser-

Guttman method, and (b) the fourth suggested factor only had one item that was significantly 

loaded on the factor. The significant loading on only one item was important as the minimum of 

two items was needed to represent a factor (Comrey & Lee, 1992).  
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Table 7 

The PCA results of the 17 item subset from the student questionnaire responses. 

Questions 1 2 3 4 
CQ6 0.721
CQ7 0.655
LQ8 
LQ9 0.937 
CQ17-1 0.657
CQ17-20 0.463
CQ17-23 0.683
CQ17-29 0.723
OQ18-17 0.563
OQ18-19 0.642
OQ19 0.534
PQ20-1 0.553
PQ20-12 0.631
PQ20-13 0.706
PQ20-15 0.740
PQ20-17 0.766
PQ21 0.469
Eigenvalue 3.018 2.655 1.384 1.041 
Percentage of variance 17.75 15.617 8.139 6.125 

 

The results of the PCA showed favourable results for the three extracted factors 

(confidence in math, extra-curricular involvement in math, and parental involvement in math), as 

there were no cross loaded items and all but one item loaded onto the expected factors. The 

weakest loading was .463 in question 21 (PQ21), which was considered a fair fit (Comrey & 

Lee, 1992). The remaining factors were considered to be either good (> .55), very good (> .63) 

or excellent fit (> .7) (Comrey & Lee, 1992), with the majority of the loading greater than .63. 

All items were determined to belong in the same concept and were shown to load within the 

expected factor. 
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The factors identified in the PCA relied on common variances that the items contributed 

towards the overarching concept (DiIorio, 2005). The most variances accounted for by a factor 

were within confidence in math items, where 17.75% of the variance from the response was 

accounted for by the questions belonging to that factor. The least variances accounted-for by a 

successfully extracted factor were within the extracurricular involvement in math items, with 

8.14% of the total variances accounted for. The percentages of variances accounted-for suggest 

how strongly each factor is represented by their respective items. In the two values presented 

above, it suggests the items used in the confidence in math factor were stronger in representing 

the factor than items used in extracurricular involvement in math.  

In summary, the results of the PCA suggested that there was evidence to support the 

existence of learning styles as previously identified. Those possible factors are: confidence in 

math, extra-curricular activities involving math, and parental involvement in math. Items for 

locus of control did not show significance to be represented as a factor. The identified factors 

were used to predict for math achievement in the next phase of research, and the interpretation of 

these possible factors is discussed in a later chapter.  

 

Research Question 2  

Can student questionnaire responses, such as the ones designed according to OTL, be 

used to evaluate math achievement differences across Saskatchewan?  

From the results of the EFA, three possible factors were identified from the grouping of 

the question responses. To allow for the analysis of the factors in the next step of the analysis, 

results in the respective factors were grouped and summed to create a unique score for each 

factor. Coefficient Alphas (α) were calculated for items within each factor to ensure that the 
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items represented in the new factor scores had evidence of internal consistency. Nunnaly (1978) 

suggested an alpha value of .7 or greater to be an acceptable threshold for internal consistency; 

this criterion was not met for new factor possible OQ (α = .336). The repercussion for this low 

internal consistency is discussed in the later section. Information regarding the newly created 

factor scores is presented in Table 8.  

 

Table 8  

New scores created from the results of the PCA solution. 

Proposed Factor Names  Min  Max Mean SD α Items 
Confidence in math(CQ) 2 12 8.18 2.42 0.736 CQ6 

CQ7 
CQ17-1 
CQ17-20 
CQ17-23 
CQ17-29 

Parental involvement in 
math(PQ) 6 24 10.32 3.42 0.739 PQ20-1 

PQ20-12 
PQ20-13 
PQ20-15 
PQ20-17 
PQ21 

Extra-curricular involvement in 
math(OQ) 3 13 9.50 2.08 0.336 OQ18-17 

OQ18-19 
            OQ19 

 

In order to explore whether the three possible factors were related to student math 

achievement, a multiple regression was used to determine the predictive abilities of those factor 

scores and student demographic information. Forty multiple choice items (See Appendix 2) from 

the 2007 AFL math assessment were used to represent student math achievement (dependent 

variable). Student gender and student school locations were used to predict for math scores 
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(independent variables), along with scores from three suggested factors. A list-wise deletion for 

cases with missing data was employed yielding a sample of 8,468 students. The sample was split 

randomly into 80% - 20% sections to allow for cross validation of the constructed model.  

The result of the first model was created from 80% of the student responses (see Table 9). 

The regression was significantly different from zero, F (5, 6907) = 126.49, p < .001, with the 

model accounting for 8.4% of total variance. All predictors with the exception of parental 

involvement in math (PQ) were shown to be significant in predicting math achievement for grade 

five students in Saskatchewan, with PQ approaching significance (t (6907) = -1.929, p = .054). 

Table 9 

Variables used in a regression model in predicting math achievement 

Model B Std. 
Error 

t-test Sig. 

Constant 13.608 0.758 17.962 0.001 

Location -0.978 0.172 -5.681 0.001 

Gender -0.377 0.171 -2.200 0.028 

CQ 0.874 0.037 23.362 0.001 

PQ -0.050 0.026 -1.929 0.054 

OQ 0.537 0.044 12.178 0.001 

     
r2 = .084      

 

The second regression model was constructed from the remaining 20% of the sample to 

provide evidence of cross validation for the first planned model. With a sample size of 1,729, the 

model was significant (F (5, 1724) = 22.92, p < .001), but accounted for less variance than the 

original model (r2=.063). There were two factors that failed to remain significant in the second 
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model (location of school and PQ; p > .05), but the low variable coefficients and the reduction in 

sample size may have attributed to their lack of significance. The use of scatter plots 

demonstrated an independent distribution of the actual scores within the predicted values (See 

Figure 8). Overall, case-wise diagnostics and Cook’s distances have yielded only six cases of 

outliers in the entire sample set.  

 

Figure 8. Scatterplot showing distribution of predicted scores with the observed score in the 

original model.  
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Although the regression model created with the factors was statistically significant, there 

were issues with validity for using factor scores to predict math achievement. This is in addition 

to the low level of variance included in the regression model, along with the low internal 

consistency reliability with the factors created. In order to correct for the low internal 

consistency, factor scores were eliminated in favour of individual items scores. The individual 
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items were taken from the items belonging to factors used in the first regression. A modified 

regression model was conducted with the 15 items that contributed to the three factors (instead of 

using the summed factor scores) and the same two demographic categories. To ensure that all 

individual items would be statistically significant in predicting math achievement, a stepwise 

selection method was used to exclude items that were insignificant (p > .05). A cross-validation 

design similar to the first regression model was devised in this modified regression model.  

The modified regression model was created with 80% of the student responses chosen at 

random. The model was statistically significant in predicting math achievement (F (13, 6768) = 

78.46, p < .001), and included 11 of the 15 items from the three expected factors (4 of 6 items 

from CQ, 5 of 6 items from PQ and 2 of 3 items from OQ, see Table 10) in addition to the two 

demographic categories (gender and school location). The modified model accounted for 12.4% 

of the total variance created by the multiple-choice section of the AFL math assessment.  

 



   

70 

 
Table 10  

Variables used in a modified regression model using individual item responses 

Model B 
Std. 

Error t-test Sig. 
Constant 12.927 0.773 16.714 0.001  

Gender -0.577 0.170 -3.390 0.001  

Location -0.719 0.171 -4.214 0.001 

CQ7 1.366 0.130 10.518 0.001 

CQ17-1 1.371 0.206 6.658 0.001 

CQ17-23 1.090 0.213 5.128 0.001 

CQ17-29 0.754 0.198 3.811 0.001 

OQ18-17 0.574 0.088 6.523 0.001 

OQ18-19 1.528 0.127 12.077 0.001 

PQ20-1 -1.483 0.133 -11.161 0.001 

PQ20-12 0.259 0.097 2.664 0.008 

PQ20-13 0.359 0.101 3.571 0.001 

PQ20-15 -0.491 0.124 -3.977 0.001 

PQ20-17 0.372 0.117 3.170 0.002 

r2=.124            
 

The most influential item in the modified regression model was question number 7 (CQ7) 

regarding confidence in math. The response scale for that question was a four-point continuous 

scale with a variable coefficient of 1.366 (indicating that the response of that question could 

account for a fluctuation by approximately four correct responses in the math assessment out of 

the possible 40 questions). Although there were other factors that were higher in coefficient 

values, they were limited to a binary scale (1 or 0, with no additional multiplier). Cross 
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validation using 20% of the sample (n = 1,963) showed statistical significance in the modified 

model (F (13, 1950) = 22.09, p < .001, see Figure 9 for a graph of the actual vs. predicted 

distribution), but four of the 13 items in the modified model were not statistically significant 

(CQ17-23, CQ17-29, PQ20-12, PQ20-17; p > .05). This lack of consistency in significance 

suggested that the math achievement trend predicted by the items individually was not 

statistically robust. From this deduction and the findings of the original regression model, it can 

be concluded that math achievement cannot be accurately predicted by the factors suggested. 

While there was evidence to suggest that learning trends were available and could possibly 

account for math achievement, the lack of consistency in the factor scores and the lack of 

robustness in the individual item results demonstrated the irritability of predicting math 

achievement using these measures. The implications and explanations of these findings are 

discussed in the next chapter.  
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Figure 9. Scatterplot showing distribution of predicted scores with observed scores in the 

modified model.  
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Research Question 3  

Does school location or student gender have a significant effect on math achievement 

differences? 

Multivariate Analysis of Variance (MANOVA) was used to investigate whether there 

were any significant differences in math achievement across different demographic groups of the 

population. Specifically, the two groups used were school locations (rural and urban) and student 

gender. The dependent variables used to represent measures of math achievement were separated 

by the five learning objective categories in order to provide for a more specific prediction across 

different levels of achievement. The categories were designed and assigned by Saskatchewan 

curriculum (Saskatchewan Learning, 2007a). The summary of the respondents belonging to each 
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group was outlined in the descriptive table (see Table 5), and the categories of learning and 

number of questions were also reported (see Table 4).   

The results of the MANOVA were significant across both school location and gender 

categories. The Box’s M test for equal variance across groups was significant, which meant the 

assumption of homoscedascity could not be assumed. This assumption was expected because the 

independent variables were categorical and had a different number of respondents in each group. 

Since equal covariance across groups cannot be assumed, the Pillai’s Trace method was used to 

test for the differences. The assumption of normality is assumed to be valid from the large 

sample size and the test of outliers was conducted with the Mahalanobis distance test. The results 

of the multivariate results are reported in Table 11.  

 

Table 11 

Results of MANOVA show the effect of demographic groups on math achievement 

      

Effect F 
Hypothesis 

df Error df Sig. 
Observed 

Power 

Intercept 21612.22 5 10716 0.00 1.00 

Location 11.12 5 10716 0.00 1.00 

Gender 10.54 5 10716 0.00 1.00 

Location * Gender 1.20 5 10716 0.31 0.43 

Method: Pillai's Trace ,  α = .05 
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From the results of the MANOVA, it is evident that school locations had a significant 

effect across all of the categories of math achievement. All subsequent univariate tests of 

differences conducted with school locations were shown to be significant. The specific group 

mean differences between school locations were not reported due to an agreement with 

Saskatchewan Learning to not release any actual test results. However, there were significant 

differences such that students in the rural environment generally had a higher level of math 

achievement across all measures than the students in an urban school environment.  

The test of gender differences from the results of the MANOVA was also significant 

within the AFL math achievement program. However, the gender differences from each 

individual category of learning were not as prominent as school location differences. While 

learning categories such as fractions and measurement were found to be significantly different in 

favour of male students, the remaining three categories (geometry, whole numbers, and data 

analysis) did not show significant differences between genders (see Table 12).  
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Table 12 

ANOVA results of demographic categories on math achievement  

Source 
Dependent 
Variable df df Error F Sig. 

Observed 
Power(a) 

Location Whole Numbers 1 10,720 10.44 0.01 0.9 
Fractions 1 10,720 28.22 0.01 1 
Geometry 1 10,720 31.49 0.01 1 
Measurement 1 10,720 37.55 0.01 1 
Data Analysis 1 10,720 7.73 0.01 0.79 

Gender Whole Numbers 1 10,720 2.43 0.12 0.34 
Fractions 1 10,720 22.31 0.01 1 
Geometry 1 10,720 1.18 0.28 0.19 
Measurement 1 10,720 8.55 0.01 0.83 
Data Analysis 1 10,720 3.45 0.06 0.46 

Location * 
Gender Whole Numbers 1 10,720 0.71 0.4 0.13 

Fractions 1 10,720 1.11 0.29 0.18 
Geometry 1 10,720 0.78 0.38 0.14 
Measurement 1 10,720 0.05 0.83 0.06 
Data Analysis 1 10,720 4.74 0.03 0.59 

α = .05             
 

There were no interaction effects within the test results. All categories of learning were 

shown to have no significant differences, demonstrating that categorical differences exhibited by  

school locations and gender were not compoundable and should be treated as distinct factors that 

affect math achievement for grade five students in Saskatchewan.  

In summary, the MANOVA demonstrated significant differences in math achievement 

based on school locations and gender. Specifically for grade five students in Saskatchewan, rural 

students performed better in the math assessment than urban students and girls performed better 

than boys. The lack of significance for an interaction of those two variables suggested girls from 

rural schools did not perform significantly better than girls from urban schools. Further 

discussions of these results are made in the next chapter.   
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This chapter presented the results of the data analysis in the order of the research 

questions posed. First, three of the four expected factors were successfully extracted from the 

responses. Next, the extracted factors were used in a multiple regression where it failed to model 

for math achievement. An alternate model was suggested, but was also unsuccessful in 

predicting math achievement. Last, significant differences in math achievement were found 

between student demographics using MANOVA. Implications and significance of the results are 

discussed in the next chapter. 
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Chapter 5 

Discussion  

The purpose of this chapter is to discuss the significant findings of the present study. The 

present chapter discusses: (a) findings of the study, (b) implications of the results, (c) limitations 

of the study; and (d) suggestions for future research. The goal of the study was to provide useful 

information to Saskatchewan Learning for policy implementation.  

Findings 

 The purpose of the study was to explore the factors that affect math achievement for 

students in Saskatchewan. The study was conducted in phases using the results from a province-

wide assessment program for grade five mathematics. First, an exploratory factor analysis was 

conducted on the responses for all the items on the questionnaire to identify possible learning 

factors. The exploratory factor analysis was unsuccessful because there were too many possible 

factors to interpret, and there were discrepancies in the interpretation of the factor results. A 

smaller subset of items from the questionnaire that had supportive evidence for achievement 

influences was also factor analyzed. The exploratory factor analysis extracted three possible 

factors: confidence in math, parental involvement in math, and extracurricular involvement in 

math. In the second phase of the study, a multiple regression was used to examine potential 

relationships between the possible factors extracted from the EFA and math achievement. The 

regression model used factor scores created from suggested factors to predict math achievement. 

The multiple regression analysis failed to suggest any significant prediction from the factor 

scores (r2 = .084), which prompted a modification in the regression model using individual items. 

The use of individual items for regression modeling did not improve in predicting math 

achievement (r2 = .124). Also, cross validation revealed a lack of robustness in the items because 
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some failed to remain significant in the model. Last, a Multivariate Analysis of Variance 

(MANOVA) was conducted to investigate whether there were any significant differences 

between groups based on gender and school locations with math assessment results as dependent 

variables. The results of the MANOVA suggested that math achievement scores were 

significantly different across gender and school locations, suggesting that differences exist for 

certain demographics. From the results discussed above, the following conclusions were made in 

the order of the hypotheses addressed. 

 
Hypothesis 1a: There are factors that are identifiable in relation to math achievement. 

The findings from the EFA were generally supportive of Hypothesis 1a, where factors 

were identifiable in relation to math achievement. Although the items used were not correlated to 

measures of math achievement, the EFA of all the questionnaire items identified showed trends 

in responses, which suggested for existence of such factors. The overwhelming support of the 

first six factors extracted in the EFA with all 100 items can be seen as encouraging; as the 

extracted factors could help identify and support the themes of learning skills for the upcoming 

personal/social skills assessment to be implemented for 2010 (Saskatchewan Learning’s, 2007).  

With only the exception of a few questions and previous validity evidence, the lack of 

validity evidence in the majority of the questions was evident in the results. As 23 out of 100 

items were not able to load on the extracted factors, this suggested a lack of direction from the 

questions as completed by the students. Although all questions from the student questionnaires 

were designed to investigate for learning trends, the lack of clustering in student responses 

suggest the “barometric” way of determining student trends (as suggested by OTL) may not be 

effective in reflecting on the trends of students’ learning environment (Saskatchewan Learning, 

2000 b). Since the design of the questionnaire was based on seeking information according to the 
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OTL design, a large sample of responses should have yielded more learning trends amongst the 

students. It was disappointing to unable to extract factors without discrepancies with a sample of 

5,407.  

 

Hypothesis 1b: The suggested factors are related to the themes that have emerged from previous 

reviews of math achievement models. 

 There was initial evidence to support this hypothesis from the PCA conducted, as three 

possible factors (confidence in math, parental involvement in math, and extracurricular 

involvement in math) did converge and were successfully extracted from the 17 item subset. 

However, upon further analysis, the three factors extracted were not very representative of the 

possible learning factors. This conclusion was derived from: (a) the low level of total variances 

accounted for by the extracted factors, and (b) the lack of internal consistency in one of the 

factors despite being successfully extracted. The lack of representativeness with the possible 

factors could be a result of an excessive amount of measuring error that affected representation 

of the learning trends, or a lack of external validity of the questions wording, as items had not 

been previously validated.  

Another finding was that the factor locus of control was shown to be insignificant 

throughout both iterations of the EFA, suggesting that although previous research has suggested 

locus of control as a concept is significant in effecting math achievement, questions used in the 

present study could not successfully probe that concept. Lack of consensus may be attributed to 

having only two items available to demonstrate consensus in locus of control. The general 

convention of extracting a factor from an EFA requires that the questionnaire include at least two 

adequately loaded items in order for it to be considered a factor (Comrey & Lee, 1992). For 
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future consideration, the design of the questionnaire could be improved by establishing questions 

based on the three factors identified in the present study. In order to allow for questions to be 

organized in a consistent manner, the questions within the same factor should be related to each 

other in order to provide for statistical power in investigating certain generalized learning styles.  

 

Hypothesis 2: The factors should have a significant relationship in effecting math achievement 

from the AFL results tested. 

 Although the regression model created has shown statistical significance, it accounted for 

a low proportion of variance (r2 = .124). There are two possible explanations to cause this error in 

prediction. The first possible explanation was that there were important concepts left 

unaccounted for in the regression model for predicting math achievement. A few concepts that 

were suggested to be affective towards math achievement but were omitted in the regression 

were: SES (Dumais, 2006; Eccles et al., 1983), prior achievement (Eccles at al., 1983; Joshi, 

1998), and levels of anxiety towards math (Adeyemo & Adetona, 2007; Joshi, 1998). This study 

did not explore these suggested factors because: (a) family SES was shown to be an indirect 

factor for parental involvement (Ethington, 1992), and such information was not available, (b) 

prior achievement information for the students was not available, and (c) the level of anxiety was 

reflected in the level of confidence in math.  

A second reason for the low level of variance was the low internal consistency in the 

suggested factors. The lack of consistency in the responses from the questions within the same 

suggested category suggests that the factors identified were weak and contained large amounts of 

measurement error. Future studies could be improved by including concepts omitted in the 
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present study for a better representation and to validate questions used from a categorical 

standpoint that would allow for more conclusive results from the regression.  

 

Hypothesis 3: No significant differences in mathematic achievement were found due to 

differences of school locations and gender.  

The findings for this hypothesis, using MANOVA, were conclusive in showing 

significant differences between school locations and gender separately. Specifically, students 

attending a rural area school were outperforming students in an urban school environment, and 

male students achieved significantly higher scores than girls in grade five in Saskatchewan. This 

effect was not prevalent across all measures between genders, as significant gender differences 

were only found in three of the five categories of learning as tested by AFL.  

The findings of this analysis were consistent with other studies on gender achievement 

differences specifically in math (Fan et al., 1997). However, there are different interpretations as 

to how the significant differences are attributed. Entwisle et al. (1994) attributed gender 

achievement differences to the availability of resources in the student s’ surroundings. In 

comparison, Parsons et al. (1982) argued that gender achievement differences were partly caused 

by the feeling of helplessness being more prevalent in girls, where boys were less susceptible to 

feeling helpless at the same age. The current findings should encourage teachers in 

Saskatchewan to be more sensitive toward girls who may exhibit helplessness during math 

learning and to proactively offer help and support to students that may be in need of assistance. 

The study originally predicted no significant differences between different locations of 

schools. This prediction was based on the utopian assumption that the quality of instruction was 

equal across all school locations. In contrast, the present study found that students from rural 
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schools outperformed students in urban schools. The study did not support the findings of 

Kannapel and DeYoung (1999), where student achievement in rural schools was found to be 

lower than their urban counterparts due to a lower budget and lack of proper teaching resources. 

The study also contradicted past findings that suggested teaching practices in rural schools were 

disorganized in Saskatchewan (Randhawa & Michayluk, 1975). Although the prevalent literature 

would contradict the conclusions of the present study, students in rural schools in Saskatchewan 

achieved higher math scores. Perhaps the higher scores were due to a higher level of attention 

paid to the students, a lower student teacher ratio, or the effort the Ministry has made to improve 

the status of rural schools.  

The Ministry has recognized and studied pitfalls of rural schooling, and has implemented 

strategies to counter the pitfalls striving to ensure equal learning opportunities across the 

province. The following actions have been taken by the Ministry to meet this challenge: (a) 

schools have been reorganized into 28 districts, which have allowed resources to be pooled and 

managed collectively with more common goals in learning, (b) community school programs 

have been established to encourage engagement from the community to integrate into students’ 

learning, and (c) additional funds and new implementations of distance education supports have 

allowed rural schools in Saskatchewan to thrive and compete with larger schools in urban areas 

(Saskatchewan Learning, 2007). 

The current finding suggested that rural Saskatchewan students outperformed urban 

students. Fan and Chen (1999) supported this finding and attributed the rural success to a lower 

level of student enrollment in rural schools, which allowed teachers in rural schools to know and 

help their students at a more personal level and thus achieve better academic outcome. Since the 

implementations of other subjects such as science and writing skills are planned to be assessed in 
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a large-scale fashion in the near future, future studies should investigate achievement differences 

across all subjects assessed. Furthermore, the matter of location differences should be studied in 

a more detailed and specific manner. With sets of formative assessments conducted annually, the 

Ministry will have the opportunity to refine and expand the level of analysis that they conduct on 

the abundance of student results they receive. Further ideas of improvements are discussed in 

later sections.  

Implications of Research  

The current study attempted to apply available information collected by the Ministry in a 

novel method in order to gain further meanings from the dataset. Although the current findings 

were not conclusive in identifying the factors affecting math achievement from the questionnaire 

responses, the level of understanding gained in this study could be applied in two distinct 

perspectives: (a) to the consumers of the education in Saskatchewan (students and parents), and 

(b) the producers of the education process (educational administrators).  

Implications for Students and Parents 

 Student questionnaires have often been administered with large-scale assessments, but 

the results of such questionnaires have not been used for the analysis of the assessment results in 

Saskatchewan. AFL’s student opinion questionnaire has been reported in a descriptive manner 

and the results have been reported independently from the assessment results. The implication in 

the current study, to predict one set of results from another, was to raise awareness among 

parents of Saskatchewan on the importance of learning influences they present to their children. 

The items for confidence in math have indicated a positive correlation with math achievement; 

therefore parents should encourage and allow for their children to develop a strong sense of 

confidence in their abilities to do math. This implication can be corrected by providing 
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secondary resources such as a sufficient level of encouragement and motivation in student math 

learning (Reyes, 1984). Although level of confidence may not ensure better math achievement 

(Jones & Smart, 1995), the development of confidence has been overshadowed by negative 

findings of math anxiety. Therefore, raising awareness for the importance of confidence in math 

achievement is imperative.  

The positive correlations between parental involvement with math achievement and 

extracurricular activities have been suggested as beneficial for children’s development (Ma & 

Klinger, 2000; Papanastoasiou & Bottiger, 2004). Studies have shown students participating in 

the math club were perceived to be more motivated and confident in math (Papanastoasiou & 

Bottiger, 2004), suggesting that participation in extracurricular activities in math would be 

beneficial for math achievement. Alternatively, parents must be aware of how they are involved 

with their children’s school work, as certain types of parental involvement (such as performance 

goal statements and negatively affective statements) are negatively correlated with student 

achievement (Hokoda & Fincham, 1995). Parents also need to be aware of their children’s levels 

of learned helplessness, as their children may underachieve when given too much attention from 

their parents (Wagner & Phillips, 1992).  

It should be noted here the implications presented above were derived from the correlation values 

of the study because there were not enough support from the results of the regression model. This 

confound in evidence have limited the implication of this study as the conclusions were drawn with the 

support of the past literature and correlation values. The limitation of the student questionnaire is the issue 

with the lack of support from the regression model, which will be discussed in a later section.  

Implications for Education Administrators 

The study has demonstrated the benefits of conducting analyses to aid in the informed 

decision-making process with the Ministry. Based on the analysis of student opinion 
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questionnaires and assessment results, suggestions can be made to improve the assessment 

program. The suggestions discussed below can be summarized into three themes: (a) the need to 

modify the questionnaire based on the original themes of OTL to better reflect changes in student 

trends; (b) the need to modify education curricula based on student learning trends, and (c) the 

need to reevaluate and refine needs based on demographic results. The Ministry could implement 

the above suggestions to improve student representation for the upcoming AFL personal/social 

skills assessments to be deployed in 2010.  

Although the administration of the student questionnaire provides useful information 

from students, it lacks evidence of validity and reliability in its design. While the Ministry 

intends to retain the questionnaire in an informative design with less emphasis on the research 

aspect (Saskatchewan Learning, 2000 b), it is time for the questionnaire to incorporate for 

preplanned factors to investigate student learning trends such as the factors discussed in this 

study or factors that were determined in the OTL. The reasons are: (a) to accommodate the 

increase in demand for higher accountability in education, (b) to maintain the questionnaire’s 

role as a measurement of current student learning trends and learning opportunities, and (c) to 

allow for a more accurate depiction of funding in need for special learning environments. In 

addition, if questions were to include evidence concerning validity in a manner similar to the 

math assessment questions, the questionnaire could be more informative as it could probe more 

factors. Lastly, the scale of the responses needs to be consistent throughout the survey in order to 

allow questions to be analyzed in a more interpretive manner than providing only simple 

frequency statistics.  

Based on the findings from the EFA and the regressions, it is evident that learning styles 

affect student achievement in math. In conjunction with the current curriculum redesign in 
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mathematics, in order to engage parents with student learning, the Ministry should ensure that 

cooperative learning opportunities are available as students’ confidence towards math could be 

nurtured. In addition, extracurricular activities related in math such as mathlete, math clubs, or 

chess clubs should be encouraged to provide students with more opportunities to allow them to 

refine their math skills outside of the classroom. The importance of the findings for the study is 

that the level of student math achievement is related to their interactions with others using their 

skills; therefore the Ministry should encourage students to apply their classroom knowledge 

outside of the classroom environment. For example, having small building projects that require 

measurement or applying relevant math knowledge during field trips. Studies have confirmed the 

importance of interactive learning activities, as it encourages student engagement for learning as 

well as improving student academic achievement (Balli, Demo & Wedman, 1998).  

Findings from the MANOVA suggest that school locations and gender differences persist 

for students in Saskatchewan. Specifically, rural schools tend to succeed in providing quality of 

math education to prepare their students according to the math curricula. While this achievement 

difference may be a general trend with no considerations to the issues with the complexity of 

urban learning environments or higher student populations in urban areas. The focus of the 

Ministry should concentrate on raising the overall level of math achievement in the province. In 

addition, the Ministry should also consider gender differences because gender differences are 

evident in grade five students, especially in concepts such as fractions, measurement, and data 

analysis.  

In recent years, the AFL program in Saskatchewan has grown to accommodate a larger 

demand for accountability in education. In order to accommodate a larger student dataset, and to 

derive more findings from the results, the Ministry should consider using more complex data 
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analyses, as the results would be beneficial for many parties concerned. In addition to providing 

more information that may be beneficial for the purposes of curriculum development or funding 

decisions, the results of studies may concern such organizations as parent teacher committees to 

increase parental involvement, or it could be used as support for teachers and policy makers to 

design new programs to improve student achievement. 

Limitations 

 There were issues that may limit the findings of the study; the following section is to 

address the issues, and to explore how they could be handled in future studies. The issues were: 

(a) the high level of measurement error and the lack of validity in the student questionnaire; (b) 

students’ levels of comprehension of the student questionnaire, and (c) the lack of validity in the 

AFL assessment questions as a measure of math achievement.  

The high level of measurement error associated with the responses from the student 

questionnaire was the primary limitation of the present study. As the questionnaire was originally 

designed to probe student learning styles and behaviors based on the Opportunity to Learn model 

(OTL; Saskatchewan Learning, 2000 b), questions in the survey were not tested or validated to 

demonstrate for validity in prompting the response for which it probed (i.e., whether questions 

regarding student readiness are about the concept of student readiness). As a result, the level of 

measurement error persists because items in the questionnaire were not validated prior to use. 

The high level of error in measurement led to a low amount of variance accounted-for in the 

regression model. The cause for such high measurement error may be due to one of the following 

reasons: (a) measures were not measuring what they were designed to measure, (b) the measures 

used were not significantly different for use in the current study or (c) other unidentified or 

underlying factors were not accounted for in predicting math achievement. The use of cross 
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validation techniques in the regression models confirmed for the existence of measurement error 

in the responses (i.e., the first model of regression was created with 80% of the sample, while the 

second regression model used 20% of the population to confirm the existence of measurement 

error for the variables used in the first model). Alternatively, the problem with the low variance 

may be due to the wording of scales used in the questionnaire (to be discussed in a later section) 

or the different scales used in the questionnaire (such as the difference in scaling from the use of 

a Likert-type response or binary options where students check off opinions that apply to them). 

The different representation of scales in different questions may have prompted a lack of 

representation of the concept the question represented. Future studies should use consistent 

response types to the same response set, or should investigate other statistical methods that 

would better accommodate for different types of response, as past studies have shown EFA to be 

ineffective when different types of data are used at once such as using two point and four point 

scales in the same EFA (Muthen & Kaplan, 1985).  

Respondent comprehension may have been a limitation of the study. As the student 

opinion questionnaires were administered to students participating in the math assessment 

program, the wording of the questions and the complexity of the response options may have been 

too difficult for the students in lower grades, such as grade five students. An example of the 

complexity of the wording demonstrated in questions 15 and 21, where the questions asked:  

Question 15: Manipulatives are objects or materials that are used in mathematics to 
help you understand ideas and solve problems (Ex: pattern blocks, base ten blocks, 
dice, geoboards, algebra tiles, graphing calculators, etc.). On average, how many times 
a week do you use manipulatives? (Saskatchewan Learning 2, 2007) 

 

Question 21: Are you happy with how well your family supports your learning? 
(Saskatchewan Learning 2, 2007) 
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While the wording of the questions may not be difficult, the ideas posed may be too 

complex for a grade five student to understand, as questions shown above involved 

understanding with abstract ideas and theoretical circumstances. This issue of comprehension is 

a common issue with questionnaire design, as the questions should cater towards the audience of 

the question, explained in the most direct and simple manner (Taylor-Powell, 1998). In question 

15, the wording of the question is overcomplicated for as the concept of the question had to be 

defined prior to the question, while question 21 may be double barreled, as the question asks how 

the family is supporting the student’s learning, and also are they happy with the level of support 

that he or she is provided. The designers of the questionnaire have to consider the respondents 

are in elementary education, hence should be even more sensitive towards the pitfalls of 

questionnaire design. 

The issue of comprehension may be beyond the semantics of the questions. While the 

students may understand the wording of the questions semantically, and the teachers would be 

there to answer and clarify questions student may not understand. The student may answer the 

questions without comprehending the questions conceptually. Examples of this issue is 

demonstrated in questions seven and 17-20, where question seven asked how students’ feel about 

the comment “I feel confident when I do mathematics question”, and question 17-20 prompted a 

reply if the student agreed with the comment “I feel confident in learning math” . While both 

questions asks for the same concept and may differ only in wording, the coefficient alpha 

between the two responses was only .24. The low coefficient alpha proved to be problematic as 

questions seem to be probing similar ideals, but the existence of response differences 

demonstrated that responses may be based on a confounding concept.  
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The last limitation is the use of formative assessment results as a measure of math 

achievement to explain learning trends in the current study. While formative results are 

informative in addressing issues with learning math, they may not be an accurate measure of how 

much a student has learned. The measure of math achievement in this study, specifically with the 

regression modeling and the MANOVA, was reliant on the use of the 40 multiple-choice 

responses administered in the AFL math assessment. Since there had been diverse concepts that 

contributed to math achievement, the five categories of math achievement as designated by AFL 

(see Table 2) could not have incorporated all aspects of math achievement in the 40 questions 

used. This is evident with the large variance with the scores as shown in the standard deviation of 

the scores in Table 6. The large variance in the scores could suggest the measures of math 

achievement in this model are insufficient for representation. However, further studies should 

explore other reliable math assessment programs for a better representation of math achievement. 

In addition, formative assessment results have traditionally been used to inform the level 

of math achievement the students are capable of attaining. The current study used results of 

AFL’s formative assessment as a dependent variable to explain issues that affect math 

achievement. This decision shifted the role of assessment results from explaining for math 

achievement, to a measure of math achievement. The attempt to use formative assessment results 

as a measure of math achievement has rarely been implemented, therefore there is a lack of 

precedence for evidence of validity and reliability in using those AFL assessment responses to 

represent the true concept of math achievement. Ungerleider (2006) raised similar concerns as 

the results of math achievement may not accurately depict an actual improvement of student 

learning. There have been studies that used large scale assessments to relate learning style 

differences with assessment results (Anderson et al. 2006, Ho & Willms, 1996), but there has 
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been a lack of a study investigating for differences of learning styles of students in 

Saskatchewan. Although the concept of math achievement can never be measured objectively, 

further studies should be conducted to investigate external and convergent validity in the AFL 

results by referencing with other large scale evaluative measures.  

The limitations of this study were mostly pertaining to difficulties in using results 

provided by AFL. This limitation is not uncommon in analyzing data from large scare 

assessments, as other studies using large scale assessment data have also resulted in low 

variances accounted for (Adayemo & Adetona, 2007; Anderson et al., 2006). While such 

concerns are generally prevalent in secondary data analyses, future studies seeking to explore 

large-scale assessment results could take strategies acquired from the current study. The 

following section discusses future directions in investigating reasons for math achievement in 

Saskatchewan, focusing on the application of assessment data such as geographical 

representation and complex modeling.  

Future Directions 

The curriculum designs for Saskatchewan Learning (Ministry) are currently undergoing a 

paradigm shift in order to better prepare students in Saskatchewan for success (Saskatchewan 

Learning, 2006). Specifically, the shift in design is to accommodate an increase in public 

sensitivity towards accountability in education. The Ministry responded to the demand by 

striving to establish highly responsive and accountable learning systems as their goal 

(Saskatchewan Learning, 2007). In addition, the establishment of the Assessment for Learning 

(AFL) program is part of the Ministry’s solution to increase accountability in education. AFL 

will continue to expand from the current reading and mathematics assessments to include such 

disciplines as sciences, writing, and personal/social skills by 2010. The purpose of developing 



   

92 

large-scale assessments is to provide more student information to conduct informed planning and 

monitoring in school divisions (Saskatchewan Learning, 2007). The assessment format will 

remain in a formative nature, with a focus on students’ level of learning. The assessment format 

is unlike the summative approach used in other provinces focusing on students’ individual 

achievements.  

The future development of the AFL program will include consultations with teaching and 

curriculum design professionals across the province, where future development will be based on 

the Continuous Improvement Framework (CIF; Saskatchewan Learning, 2006). The advantage 

of incorporating the CIF framework in the AFL program is to strengthen teaching, and to ensure 

that resources be distributed to areas in need (Saskatchewan Learning, 2006). With a large 

demand in changing and designing assessment programs, the findings of the present study could 

be applied to produce useful information for educators and policy makers in Saskatchewan. 

The statistically significant differences amongst different school locations have 

confirmed that a relationship exists between school locations and student math achievement. Due 

to a restriction on personal information released by the Ministry, specific school locations were 

only identified by whether they were within an urban environment or a rural environment. To 

better distinguish learning differences from school locations, a geographical analysis could be 

used to analyze assessment data. With the cooperation from the Ministry, future studies could 

utilize Geographical Information Systems (GIS) to geographically profile large scale assessment 

results in order to investigate areas for improvement by releasing postal codes of students’ 

schools or residences. While GIS has been integrated in studies in the field of criminology and 

sociology, it is rarely applied in the field of education. The integration of geographical analysis 

with assessment results could provide information to improve students’ academic achievements, 
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which could efficiently provide extra resources for neighborhoods, schools or districts depending 

on perceived needs. The implication of incorporating geomatics suggested here is not to 

segregate and criticize the achievement differences between different areas of the province, but 

to place more focus on the response differences on the student questionnaire, so that educators 

have a better idea of how their student is learning or values learning in certain areas. 

From the results of the regression model, the low level of variance accounted-for in the 

model could be improved by taking the teachers’ or schools’ teaching practices into account. The 

current study did not employ any responses from teachers. Since the AFL program administered 

teaching practice surveys to teachers as well as principals, future studies could explore the use of 

hierarchical modeling to include such results to examine whether teachers’ or administrators’ 

teaching beliefs are related to student achievements. The attribution of teachers’ and schools’ 

opinions on the outcomes of math achievement has been studied in the Canadian context but not 

specifically in Saskatchewan (CMEC, 2003).  

In summary, from the findings of the present study, the future direction should allow for 

more exploration of large-scale assessment results, as the datasets are readily available but few 

have been explored. The use of data obtained from the Ministry for secondary analysis is 

beneficial for both the Ministry and the researchers involved in the study. The data saved time 

and resources during the process of the study for both parties concerned. Collaboration of efforts 

can expedite the research process, and provide useful information that benefits the Ministry.  
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Correlation Tables 

 Location Gender CQ6 CQ7 LQ8 LQ9
Confidence

Q17-1
ConfideceQ

17-20
Confidence

Q17-23
Confidence

Q17-29
OutsideQ18-

17
OutsideQ18-

19 OQ19 PARentQ20-1
ParentQ20-

12
ParentQ20-

13
ParentQ20-

15 ParentQ20-17 PQ21

Location 1.000

Gender -0.004 1.000

CQ6 0.043 -0.007 1.000

CQ7 0.050 -0.054 0.449 1.000

LQ8 0.023 -0.002 -0.193 -0.176 1.000

LQ9 -0.034 -0.047 -0.030 -0.022 0.035 1.000

ConfidenceQ17-1 0.018 -0.093 0.333 0.340 -0.174 0.016 1.000

ConfideceQ17-20 0.011 0.007 0.226 0.245 -0.103 -0.026 0.214 1.000

ConfidenceQ17-23 0.017 0.011 0.350 0.364 -0.183 -0.020 0.376 0.319 1.000

ConfidenceQ17-29 0.022 -0.020 0.516 0.329 -0.188 -0.031 0.393 0.257 0.420 1.000

OutsideQ18-17 -0.058 0.032 -0.210 -0.156 0.050 0.012 -0.082 -0.236 -0.154 -0.173 1.000

OutsideQ18-19 -0.056 0.035 0.047 0.068 -0.137 -0.016 0.059 0.016 0.070 0.066 0.085 1.000

OQ19 -0.021 -0.112 -0.272 -0.166 0.065 0.057 -0.123 -0.195 -0.179 -0.242 0.246 0.076 1.000

PARentQ20-1 -0.015 -0.069 -0.073 -0.110 0.038 0.025 -0.041 -0.109 -0.088 -0.075 0.117 -0.053 0.072 1.000

ParentQ20-12 -0.058 -0.028 -0.107 -0.111 0.021 0.059 -0.036 -0.171 -0.101 -0.092 0.237 0.063 0.201 0.263 1.000

ParentQ20-13 -0.056 -0.032 0.005 -0.041 -0.032 0.039 0.027 -0.092 -0.022 -0.004 0.156 0.073 0.074 0.227 0.401 1.000

ParentQ20-15 -0.013 -0.070 -0.069 -0.094 0.022 0.055 -0.023 -0.122 -0.098 -0.070 0.121 -0.018 0.080 0.309 0.354 0.408 1.000

ParentQ20-17 -0.034 -0.054 -0.048 -0.085 0.018 0.060 0.002 -0.117 -0.084 -0.052 0.187 0.030 0.125 0.275 0.424 0.474 0.482 1.000

PQ21 0.021 -0.034 -0.144 -0.157 0.116 0.032 -0.102 -0.115 -0.148 -0.115 0.070 -0.039 0.085 0.172 0.184 0.201 0.245 0.277 1.000
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Appendix 4 

Factor Matrix of Full Questionnaire Responses 
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Student Questionnaire Rotated Factor Matrix(a)
  Factor

Question 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Count Significant 

Factor Per 
Question

Q1a ‐0.041 ‐0.028 ‐0.031 0.076 0.060 0.822 0.013 ‐0.038 0.050 ‐0.080 0.061 ‐0.050 0.018 ‐0.145 0.035 0.026 ‐0.064 0.013 ‐0.039 ‐0.062 0.020 0.094 ‐0.010 0.003 1
Q1b 0.067 0.064 0.020 ‐0.039 ‐0.013 0.020 ‐0.033 ‐0.103 ‐0.005 ‐0.014 ‐0.030 0.029 ‐0.029 ‐0.049 0.017 0.002 ‐0.035 ‐0.310 0.002 0.018 0.042 0.041 0.040 ‐0.012 0
Q1c ‐0.083 ‐0.042 ‐0.169 0.031 ‐0.012 0.013 ‐0.001 0.103 0.061 ‐0.006 ‐0.032 0.012 ‐0.060 0.029 0.032 ‐0.056 0.003 0.134 ‐0.066 ‐0.015 0.015 0.043 0.060 ‐0.105 0
Q2‐1 ‐0.018 0.048 ‐0.020 0.007 ‐0.006 ‐0.197 0.077 0.036 0.065 ‐0.001 0.313 ‐0.032 0.018 ‐0.007 ‐0.026 ‐0.013 0.051 0.406 0.000 ‐0.050 0.050 0.068 ‐0.055 ‐0.097 1
Q2‐2 ‐0.070 ‐0.027 0.002 ‐0.027 0.039 ‐0.071 0.008 0.233 ‐0.019 0.015 0.657 ‐0.005 0.079 0.024 ‐0.005 ‐0.036 0.023 0.069 ‐0.005 0.048 ‐0.004 0.023 0.032 0.014 1
Q2‐3 0.045 ‐0.121 ‐0.097 0.022 0.411 ‐0.113 0.019 0.049 0.005 0.120 0.055 0.009 0.021 0.026 0.067 ‐0.032 0.052 0.043 0.099 0.061 ‐0.030 ‐0.123 0.055 ‐0.043 1
Q2‐4 0.014 ‐0.086 ‐0.070 0.043 0.369 0.252 0.001 0.012 0.022 0.002 0.124 0.019 0.030 ‐0.001 ‐0.013 ‐0.013 ‐0.025 0.031 ‐0.028 0.011 ‐0.011 0.170 0.001 ‐0.097 1
Q2‐5 ‐0.036 ‐0.015 0.060 ‐0.093 0.237 0.033 0.007 0.047 0.020 ‐0.002 0.632 ‐0.008 0.040 ‐0.007 0.046 0.042 0.035 0.060 0.015 ‐0.026 0.000 ‐0.028 ‐0.033 0.032 1
Q2‐6 0.040 ‐0.026 0.039 ‐0.005 0.331 0.026 ‐0.012 ‐0.004 0.019 ‐0.020 0.036 0.026 0.088 ‐0.017 ‐0.029 0.019 ‐0.009 0.048 ‐0.037 0.003 ‐0.022 0.091 ‐0.013 ‐0.023 1
Q2‐7 0.053 ‐0.020 0.032 ‐0.063 0.455 ‐0.022 ‐0.038 0.008 ‐0.003 ‐0.005 0.063 0.034 0.022 ‐0.017 0.031 0.045 0.071 ‐0.017 0.015 ‐0.039 0.029 ‐0.055 ‐0.023 0.109 1
Q2‐8 0.071 ‐0.074 ‐0.040 ‐0.024 0.486 0.053 ‐0.038 ‐0.014 0.030 ‐0.009 0.016 ‐0.001 0.055 ‐0.021 ‐0.018 0.050 ‐0.045 ‐0.031 ‐0.029 0.026 ‐0.006 0.129 ‐0.007 ‐0.026 1
Q2‐9 ‐0.001 0.055 0.075 ‐0.104 ‐0.063 ‐0.598 0.002 ‐0.031 ‐0.014 0.006 0.314 0.003 ‐0.015 0.013 ‐0.034 0.003 0.053 0.208 ‐0.082 ‐0.019 0.026 0.096 ‐0.037 ‐0.023 1
Q2‐10 0.064 ‐0.052 ‐0.054 0.064 0.456 0.016 ‐0.062 ‐0.057 0.036 0.001 ‐0.027 0.027 ‐0.033 ‐0.041 0.064 0.011 ‐0.014 ‐0.050 0.039 ‐0.012 0.042 ‐0.100 0.017 0.008 1
Q3 0.066 ‐0.153 ‐0.156 0.103 0.022 0.198 ‐0.018 0.095 0.127 0.024 0.067 0.015 ‐0.004 0.077 0.025 0.014 0.027 0.218 0.051 0.053 0.020 0.022 0.093 ‐0.097 0
Q4 ‐0.025 ‐0.030 ‐0.055 ‐0.023 ‐0.001 ‐0.006 0.026 0.072 0.052 0.042 0.019 ‐0.002 0.044 0.024 0.031 ‐0.010 ‐0.002 0.151 0.010 0.047 0.029 ‐0.014 0.062 ‐0.063 0
Q5 ‐0.109 0.174 0.169 ‐0.050 0.017 ‐0.080 0.077 0.022 ‐0.093 0.005 ‐0.034 ‐0.048 0.017 0.040 0.000 ‐0.077 0.178 0.088 ‐0.079 ‐0.008 ‐0.034 ‐0.027 0.039 0.103 0
Q6 ‐0.622 0.037 0.177 ‐0.068 ‐0.022 ‐0.024 0.096 0.026 ‐0.032 ‐0.101 ‐0.024 0.019 ‐0.012 ‐0.066 0.159 ‐0.058 0.143 0.059 ‐0.099 ‐0.002 0.037 0.043 ‐0.026 0.201 1
Q7 ‐0.376 0.100 0.284 ‐0.058 ‐0.016 0.029 0.048 ‐0.018 ‐0.034 ‐0.227 ‐0.028 ‐0.005 ‐0.003 ‐0.101 0.128 ‐0.042 0.171 ‐0.001 ‐0.141 ‐0.081 0.035 ‐0.017 ‐0.063 0.119 1
Q8 ‐0.035 0.021 0.010 ‐0.041 0.052 ‐0.023 0.076 0.015 0.005 ‐0.001 0.019 ‐0.037 0.036 0.100 ‐0.025 ‐0.013 0.239 0.068 ‐0.083 0.074 0.011 0.016 0.046 0.091 0
Q9 0.003 0.025 0.006 ‐0.028 ‐0.006 0.001 0.006 ‐0.010 ‐0.005 0.004 0.010 ‐0.029 0.009 0.061 ‐0.008 0.030 0.016 ‐0.050 0.002 0.002 ‐0.003 0.035 0.050 0.160 0
Q10 0.148 ‐0.095 0.005 0.032 0.220 0.052 ‐0.218 0.000 ‐0.001 ‐0.090 0.018 0.008 0.060 0.025 0.052 0.093 ‐0.059 0.078 ‐0.053 ‐0.017 ‐0.060 0.121 0.147 ‐0.079 0
Q11 0.076 ‐0.032 0.028 ‐0.043 0.122 0.002 ‐0.062 ‐0.002 ‐0.043 0.001 0.030 0.046 0.567 ‐0.022 ‐0.022 0.156 0.001 0.012 ‐0.026 ‐0.001 ‐0.003 0.025 0.068 0.018 1
Q12 0.018 ‐0.010 ‐0.038 0.020 0.007 0.017 ‐0.001 0.024 0.030 0.006 ‐0.003 0.011 ‐0.008 ‐0.013 ‐0.045 ‐0.040 0.023 0.001 0.004 0.010 ‐0.008 ‐0.021 0.303 0.048 0
Q13 ‐0.006 0.035 0.010 ‐0.030 ‐0.031 ‐0.020 ‐0.022 0.005 ‐0.034 ‐0.005 ‐0.044 ‐0.019 ‐0.525 ‐0.001 ‐0.004 ‐0.039 0.002 ‐0.060 ‐0.057 0.007 ‐0.011 ‐0.024 0.061 0.026 1
Q14 0.036 ‐0.027 0.040 0.010 0.061 0.008 ‐0.023 ‐0.025 0.006 ‐0.009 ‐0.004 0.037 0.106 ‐0.051 0.057 0.639 0.017 ‐0.007 0.027 0.000 0.019 0.016 ‐0.017 0.078 1
Q15 0.040 ‐0.038 0.038 ‐0.031 0.069 0.005 ‐0.079 ‐0.009 0.021 ‐0.081 0.000 ‐0.009 0.151 ‐0.035 0.203 0.421 ‐0.050 ‐0.032 ‐0.037 0.009 ‐0.037 0.052 ‐0.136 ‐0.037 1
Q16‐1 0.135 ‐0.093 ‐0.176 0.057 0.056 0.032 ‐0.044 0.051 0.154 0.002 0.019 0.082 ‐0.010 0.031 0.065 0.018 ‐0.078 0.013 0.212 0.018 0.026 0.022 0.009 ‐0.186 0
Q16‐2 0.103 ‐0.029 ‐0.041 0.024 0.078 0.047 ‐0.013 0.013 0.454 0.060 ‐0.016 0.215 0.001 ‐0.067 0.059 0.033 ‐0.012 ‐0.040 ‐0.006 0.022 ‐0.026 0.013 ‐0.016 ‐0.025 1
Q16‐3 0.029 ‐0.064 ‐0.143 0.082 0.025 0.035 0.012 0.045 0.652 ‐0.002 0.014 0.026 ‐0.024 0.031 0.056 ‐0.018 ‐0.005 0.038 0.084 0.017 0.039 0.036 0.042 ‐0.037 1
Q16‐4 0.043 ‐0.034 ‐0.069 0.058 0.010 ‐0.012 0.000 0.038 0.630 0.000 0.010 0.024 0.012 0.010 0.022 0.011 0.008 0.102 0.026 ‐0.003 0.000 0.025 0.028 0.026 1
Q16‐5 ‐0.037 0.009 0.068 ‐0.153 0.012 0.022 0.058 0.005 ‐0.112 0.004 ‐0.016 0.049 ‐0.076 0.039 ‐0.003 ‐0.026 0.068 0.014 ‐0.196 0.027 0.050 0.010 0.008 ‐0.025 0
Q17‐1 0.426 ‐0.008 ‐0.184 0.009 ‐0.007 ‐0.072 0.046 0.030 0.014 0.432 0.008 0.023 0.005 0.020 ‐0.062 ‐0.023 ‐0.068 0.049 0.094 ‐0.041 0.013 0.049 0.023 0.037 2
Q17‐2 0.544 ‐0.039 ‐0.066 0.022 0.066 0.013 ‐0.057 ‐0.013 0.033 0.007 ‐0.037 0.002 0.045 ‐0.015 0.098 0.062 ‐0.075 ‐0.012 0.013 0.052 0.033 0.013 ‐0.013 ‐0.042 1
Q17‐3 0.159 ‐0.060 ‐0.029 ‐0.026 0.043 ‐0.026 ‐0.082 ‐0.047 0.086 0.017 0.006 0.658 0.075 ‐0.023 0.026 0.014 ‐0.015 ‐0.005 0.034 0.009 ‐0.004 0.084 0.026 ‐0.015 1
Q17‐4 ‐0.175 ‐0.003 0.140 ‐0.111 ‐0.020 0.014 0.054 0.044 0.010 ‐0.104 0.011 ‐0.016 0.048 ‐0.120 0.270 0.082 0.020 0.024 0.008 ‐0.019 ‐0.025 0.111 ‐0.342 0.019 1
Q17‐5 0.110 ‐0.053 ‐0.077 ‐0.025 0.065 ‐0.003 ‐0.013 0.049 0.094 0.012 0.012 0.119 0.025 0.006 0.038 0.124 0.023 ‐0.068 0.012 ‐0.035 ‐0.001 0.265 ‐0.069 ‐0.004 0
Q17‐6 0.117 ‐0.057 0.064 ‐0.074 0.064 0.000 ‐0.122 0.045 0.002 ‐0.027 0.012 0.048 0.419 ‐0.058 0.252 0.018 0.032 ‐0.001 0.000 0.010 ‐0.015 0.089 ‐0.015 0.056 1
Q17‐7 0.361 0.018 ‐0.028 0.012 0.030 ‐0.101 ‐0.010 0.061 ‐0.009 0.061 ‐0.059 ‐0.027 0.002 ‐0.001 ‐0.009 0.015 ‐0.014 0.019 0.086 ‐0.029 0.010 ‐0.001 ‐0.035 0.044 1
Q17‐8 0.033 ‐0.042 ‐0.010 ‐0.006 0.022 0.009 ‐0.017 0.045 0.135 ‐0.062 0.010 0.065 0.072 ‐0.074 0.409 0.118 ‐0.056 ‐0.046 ‐0.019 0.021 ‐0.026 0.064 ‐0.129 ‐0.084 1
Q17‐9 ‐0.058 ‐0.052 0.080 0.003 0.058 0.055 0.007 0.103 0.024 ‐0.004 0.032 0.047 0.023 ‐0.105 0.335 0.204 0.004 0.059 0.109 ‐0.073 0.021 ‐0.009 ‐0.067 0.046 1
Q17‐10 0.002 ‐0.091 ‐0.057 0.023 ‐0.006 ‐0.009 0.023 0.695 0.041 0.015 0.080 ‐0.010 0.015 0.003 0.069 ‐0.016 0.012 0.161 0.038 ‐0.016 0.021 0.033 0.004 ‐0.006 1
Q17‐11 0.260 ‐0.070 ‐0.098 0.026 0.041 ‐0.050 ‐0.032 0.061 0.075 0.004 ‐0.020 0.111 0.034 ‐0.010 0.158 ‐0.013 ‐0.091 0.015 0.015 0.072 0.051 0.121 ‐0.031 ‐0.073 0
Q17‐12 0.237 ‐0.196 ‐0.021 0.019 0.074 0.043 ‐0.016 0.101 0.015 0.027 ‐0.033 0.097 0.014 0.018 0.118 ‐0.042 ‐0.045 0.003 0.054 0.030 ‐0.031 0.100 0.026 0.011 0
Q17‐13 ‐0.329 0.011 0.242 ‐0.155 0.011 ‐0.016 ‐0.017 0.039 ‐0.017 ‐0.377 0.007 0.046 0.029 ‐0.046 0.158 ‐0.002 0.145 ‐0.041 0.040 0.003 0.073 0.094 ‐0.065 0.084 2
Q17‐14 0.378 0.012 ‐0.162 0.039 0.034 ‐0.137 ‐0.001 0.030 0.056 0.307 ‐0.001 0.053 ‐0.018 0.039 0.003 ‐0.056 0.026 0.003 0.049 0.143 0.040 0.063 0.062 0.086 1
Q17‐15 0.656 ‐0.007 ‐0.041 ‐0.030 0.007 ‐0.005 ‐0.071 ‐0.015 0.032 ‐0.061 ‐0.007 0.012 0.024 0.010 ‐0.047 0.039 0.049 ‐0.097 ‐0.124 ‐0.035 ‐0.014 ‐0.039 ‐0.002 ‐0.013 1
Q17‐16 0.525 ‐0.034 ‐0.148 0.053 0.015 ‐0.057 ‐0.005 0.032 0.060 0.082 0.029 0.029 ‐0.019 0.035 ‐0.048 0.008 0.088 ‐0.017 ‐0.036 0.472 ‐0.008 ‐0.025 0.045 ‐0.006 2
Q17‐17 0.267 ‐0.102 ‐0.108 0.035 0.090 0.100 ‐0.062 ‐0.014 0.033 0.038 0.005 0.089 0.019 ‐0.025 0.178 0.007 ‐0.029 ‐0.010 0.067 0.041 0.017 0.092 0.075 0.052 0
Q17‐18 ‐0.019 ‐0.088 ‐0.073 0.021 ‐0.050 ‐0.003 0.011 0.780 0.058 0.008 0.174 ‐0.035 0.017 0.015 0.041 ‐0.006 0.000 0.080 ‐0.008 0.024 ‐0.015 0.033 0.032 ‐0.024 1
Q17‐19 0.244 ‐0.056 ‐0.192 0.050 0.103 ‐0.078 ‐0.002 0.062 0.030 0.174 0.011 0.093 ‐0.020 0.065 0.121 ‐0.027 0.011 0.039 0.108 0.066 0.020 0.098 0.005 0.026 0
Q17‐20 0.309 ‐0.156 ‐0.123 0.024 0.086 0.019 ‐0.153 ‐0.003 0.058 0.076 ‐0.037 0.105 0.038 0.008 0.173 ‐0.041 ‐0.069 0.075 0.192 0.062 0.050 0.068 0.095 ‐0.001 0
Q17‐21 0.418 ‐0.050 0.035 ‐0.039 0.038 0.034 ‐0.120 ‐0.083 ‐0.056 ‐0.053 ‐0.001 0.104 0.026 0.017 0.031 0.032 0.011 ‐0.020 ‐0.064 ‐0.015 ‐0.020 0.133 ‐0.008 0.097 1
Q17‐22 0.134 ‐0.049 ‐0.045 ‐0.032 0.061 ‐0.015 ‐0.061 0.007 0.125 0.002 ‐0.022 0.629 0.029 0.002 0.080 0.030 ‐0.021 ‐0.045 ‐0.021 0.011 0.010 0.066 ‐0.001 ‐0.060 1
Q17‐23 0.445 ‐0.059 ‐0.214 0.080 0.032 0.038 ‐0.042 0.055 0.059 0.225 ‐0.008 0.036 0.009 ‐0.036 0.031 ‐0.022 ‐0.138 0.054 0.221 ‐0.002 0.029 0.097 0.040 0.005 1
Q17‐24 0.569 ‐0.068 ‐0.112 0.054 0.044 ‐0.038 ‐0.073 ‐0.015 0.058 0.037 ‐0.005 0.081 0.018 0.028 0.028 ‐0.008 0.055 0.010 0.001 0.385 0.001 ‐0.003 0.057 0.026 2
Q17‐25 ‐0.002 ‐0.048 ‐0.084 0.040 0.034 0.050 0.074 0.141 0.057 0.007 0.063 0.071 ‐0.038 ‐0.031 0.107 0.063 0.046 0.062 0.023 0.020 ‐0.057 0.152 ‐0.136 ‐0.016 0
Q17‐26 0.601 ‐0.009 ‐0.062 0.035 0.040 0.005 ‐0.021 ‐0.027 0.023 0.029 0.021 0.054 0.016 ‐0.009 ‐0.050 ‐0.050 0.048 ‐0.067 ‐0.003 ‐0.018 0.024 0.019 ‐0.012 0.032 1
Q17‐27 0.106 ‐0.055 ‐0.022 0.002 0.018 0.020 ‐0.026 0.017 0.004 ‐0.026 ‐0.003 0.051 0.082 ‐0.025 0.051 ‐0.018 0.032 ‐0.001 0.022 0.009 0.006 0.236 ‐0.021 0.064 0
Q17‐28 0.571 ‐0.040 ‐0.003 0.021 0.035 0.119 ‐0.075 ‐0.092 0.001 ‐0.084 ‐0.012 0.035 0.057 ‐0.017 0.011 0.022 0.029 ‐0.052 ‐0.143 ‐0.155 ‐0.054 ‐0.013 0.057 0.079 1
Q17‐29 0.672 ‐0.028 ‐0.142 0.076 0.014 0.012 ‐0.004 0.006 0.042 0.101 ‐0.016 0.048 ‐0.003 ‐0.009 ‐0.036 ‐0.013 ‐0.069 0.019 0.098 0.003 0.005 0.013 ‐0.012 ‐0.106 1
Q17‐30 0.253 ‐0.052 ‐0.140 0.154 0.008 0.061 ‐0.046 0.060 0.119 0.007 ‐0.031 0.054 0.011 ‐0.028 0.140 ‐0.005 ‐0.133 ‐0.002 0.312 ‐0.003 0.025 0.101 0.000 ‐0.010 0
Q18‐1 ‐0.083 0.111 0.625 ‐0.093 ‐0.008 0.023 ‐0.080 ‐0.007 ‐0.052 ‐0.073 ‐0.011 ‐0.017 0.029 ‐0.046 ‐0.100 0.054 ‐0.119 ‐0.042 ‐0.046 0.017 0.058 0.011 ‐0.122 0.092 1
Q18‐2 ‐0.165 0.115 0.617 ‐0.072 ‐0.022 ‐0.037 ‐0.038 ‐0.035 ‐0.049 ‐0.139 0.009 ‐0.041 0.032 ‐0.001 ‐0.018 0.041 ‐0.054 0.001 0.012 ‐0.015 0.032 ‐0.017 ‐0.096 0.052 1
Q18‐3 0.226 0.052 ‐0.319 0.200 0.006 ‐0.033 ‐0.002 0.031 0.025 0.437 0.002 0.007 ‐0.022 0.284 ‐0.041 ‐0.084 0.039 0.134 ‐0.086 0.047 ‐0.039 ‐0.056 0.041 0.013 1
Q18‐4 0.047 0.070 ‐0.064 0.083 ‐0.009 ‐0.046 0.126 0.021 0.008 0.063 ‐0.030 ‐0.017 ‐0.056 0.282 ‐0.046 ‐0.058 0.019 0.029 0.056 0.008 0.000 ‐0.013 0.089 ‐0.015 0
Q18‐5 0.076 0.124 0.035 0.056 ‐0.034 ‐0.065 0.003 ‐0.011 ‐0.008 0.129 0.018 0.002 ‐0.006 0.542 ‐0.092 ‐0.020 0.037 0.060 ‐0.055 0.034 0.005 0.008 ‐0.054 0.118 1
Q18‐6 ‐0.186 0.151 0.513 ‐0.105 ‐0.024 ‐0.037 0.106 ‐0.041 ‐0.041 ‐0.064 0.047 ‐0.026 0.028 0.037 0.028 ‐0.007 0.084 0.021 ‐0.049 0.010 ‐0.017 ‐0.088 ‐0.016 ‐0.001 1
Q18‐7 ‐0.166 0.146 0.520 ‐0.142 ‐0.016 ‐0.057 0.135 ‐0.003 ‐0.029 0.020 0.015 0.022 0.009 0.060 0.027 ‐0.008 0.094 ‐0.075 ‐0.101 ‐0.030 ‐0.038 0.011 0.065 ‐0.087 1
Q18‐8 ‐0.173 0.142 0.450 ‐0.129 ‐0.022 0.011 0.162 ‐0.048 ‐0.023 ‐0.152 0.004 ‐0.002 ‐0.022 0.001 0.099 0.048 ‐0.079 ‐0.099 ‐0.001 ‐0.132 0.001 0.010 0.028 ‐0.065 1
Q18‐9 ‐0.107 0.197 0.132 0.056 ‐0.070 ‐0.068 0.302 0.003 0.007 ‐0.061 0.032 ‐0.041 ‐0.048 0.251 ‐0.068 ‐0.043 0.099 0.058 0.066 ‐0.047 0.020 ‐0.055 ‐0.025 0.050 0
Q18‐10 ‐0.179 0.143 0.523 ‐0.148 ‐0.019 ‐0.099 0.175 ‐0.030 ‐0.047 ‐0.014 0.029 ‐0.015 ‐0.008 0.059 0.083 0.006 0.182 ‐0.041 ‐0.018 0.000 0.005 ‐0.005 0.029 ‐0.060 1
Q18‐11 ‐0.063 0.164 0.214 ‐0.033 ‐0.059 ‐0.003 0.103 0.012 ‐0.035 ‐0.053 0.026 ‐0.003 ‐0.010 0.340 ‐0.015 ‐0.020 ‐0.022 0.014 ‐0.040 ‐0.028 0.006 ‐0.032 ‐0.007 0.009 1
Q18‐12 ‐0.218 0.222 0.087 0.040 ‐0.060 0.004 0.493 0.023 0.005 0.027 0.023 ‐0.062 ‐0.040 0.134 0.003 ‐0.032 0.045 0.103 ‐0.040 0.008 ‐0.024 0.005 0.022 0.009 1
Q18‐13 0.082 ‐0.003 ‐0.185 0.448 0.007 0.081 ‐0.045 0.032 0.071 0.075 ‐0.050 0.011 0.020 0.147 ‐0.026 ‐0.041 ‐0.061 0.095 ‐0.021 0.047 ‐0.015 0.034 0.024 ‐0.033 1
Q18‐14 0.071 ‐0.047 ‐0.175 0.501 0.008 0.000 ‐0.007 0.023 0.051 0.127 0.009 ‐0.020 0.008 0.032 ‐0.018 0.038 ‐0.041 ‐0.024 0.035 0.002 ‐0.055 0.003 0.020 0.000 1
Q18‐15 0.178 0.145 ‐0.286 0.275 0.016 ‐0.028 0.044 0.005 0.046 0.440 0.024 0.026 ‐0.001 0.184 ‐0.012 ‐0.091 0.095 ‐0.026 ‐0.041 0.017 0.093 ‐0.117 ‐0.008 ‐0.027 1
Q18‐16 ‐0.097 0.172 0.330 ‐0.067 ‐0.013 0.031 0.056 ‐0.004 ‐0.095 ‐0.037 ‐0.012 ‐0.026 ‐0.002 0.077 0.012 ‐0.026 0.082 0.058 ‐0.038 0.002 ‐0.012 ‐0.044 ‐0.028 0.055 1
Q18‐17 ‐0.208 0.221 0.124 0.024 ‐0.072 0.036 0.466 0.034 ‐0.005 0.022 0.008 ‐0.108 ‐0.057 0.062 ‐0.028 ‐0.024 ‐0.014 0.023 ‐0.088 ‐0.002 0.000 ‐0.007 ‐0.054 0.018 1
Q18‐18 ‐0.212 0.232 0.294 ‐0.085 ‐0.078 0.056 0.417 0.010 ‐0.030 ‐0.002 0.034 ‐0.054 ‐0.044 0.098 0.055 ‐0.019 0.029 0.047 ‐0.098 ‐0.032 0.004 0.034 0.083 ‐0.082 1
Q18‐19 0.020 0.048 ‐0.088 0.345 ‐0.020 0.027 0.152 ‐0.067 0.066 0.017 ‐0.109 0.015 ‐0.216 0.075 ‐0.032 ‐0.064 ‐0.041 0.097 0.075 ‐0.030 0.037 0.008 0.008 ‐0.069 1
Q19 ‐0.347 0.122 0.023 ‐0.075 ‐0.182 ‐0.111 0.280 0.039 ‐0.010 0.018 ‐0.001 ‐0.022 ‐0.145 ‐0.032 ‐0.035 ‐0.102 0.061 0.016 0.065 0.009 0.064 ‐0.086 ‐0.125 0.051 1
Q20‐1 ‐0.020 0.505 0.201 ‐0.111 ‐0.056 ‐0.035 ‐0.051 ‐0.019 ‐0.067 0.054 ‐0.032 ‐0.010 0.038 0.017 0.013 ‐0.034 ‐0.005 ‐0.025 ‐0.012 0.006 ‐0.246 0.043 0.021 0.009 1
Q20‐2 ‐0.050 0.605 0.100 ‐0.053 ‐0.062 ‐0.024 0.050 ‐0.004 ‐0.033 ‐0.027 ‐0.013 ‐0.011 ‐0.002 0.025 0.020 ‐0.019 ‐0.020 ‐0.005 ‐0.055 0.002 ‐0.194 ‐0.021 ‐0.014 0.029 1
Q20‐3 0.070 0.571 0.005 0.104 ‐0.021 ‐0.023 0.031 ‐0.009 0.036 0.052 0.023 0.003 0.003 0.128 ‐0.020 ‐0.028 ‐0.018 ‐0.030 ‐0.059 ‐0.013 0.117 ‐0.058 ‐0.016 0.051 1
Q20‐4 0.107 ‐0.087 ‐0.106 0.289 0.050 0.111 ‐0.030 ‐0.025 0.023 ‐0.016 ‐0.037 ‐0.006 0.001 0.048 0.051 ‐0.019 ‐0.276 ‐0.006 ‐0.031 0.008 0.029 ‐0.012 0.056 ‐0.018 0
Q20‐5 0.013 0.358 0.247 ‐0.064 ‐0.043 ‐0.023 ‐0.037 ‐0.058 ‐0.063 0.009 0.019 ‐0.012 ‐0.028 0.007 ‐0.014 ‐0.009 0.091 ‐0.060 0.080 0.006 ‐0.096 ‐0.097 0.019 0.041 1
Q20‐6 ‐0.045 0.526 0.184 ‐0.142 0.001 ‐0.026 ‐0.039 ‐0.046 ‐0.060 0.022 ‐0.017 ‐0.012 ‐0.010 0.016 ‐0.016 0.035 0.074 ‐0.085 0.006 ‐0.029 ‐0.211 0.038 0.019 ‐0.002 1
Q20‐7 ‐0.098 0.577 ‐0.008 0.048 ‐0.030 0.044 0.228 0.050 ‐0.016 ‐0.061 ‐0.042 ‐0.059 ‐0.003 0.015 ‐0.010 ‐0.006 ‐0.111 0.134 ‐0.018 0.053 ‐0.171 ‐0.025 ‐0.022 0.128 1
Q20‐8 ‐0.096 0.434 0.372 ‐0.129 ‐0.013 ‐0.020 ‐0.040 ‐0.011 ‐0.050 ‐0.009 ‐0.027 ‐0.012 ‐0.020 0.018 0.002 0.046 0.149 ‐0.040 ‐0.016 ‐0.025 ‐0.139 0.038 0.037 ‐0.096 2
Q20‐9 ‐0.067 0.390 0.048 0.036 ‐0.094 ‐0.007 0.049 ‐0.025 0.016 ‐0.114 ‐0.011 0.002 ‐0.071 ‐0.004 0.007 ‐0.004 0.065 ‐0.091 0.084 ‐0.044 0.020 ‐0.054 0.018 ‐0.007 1
Q20‐10 ‐0.061 0.492 0.010 0.081 ‐0.028 0.061 0.193 0.006 ‐0.044 ‐0.076 ‐0.050 ‐0.054 ‐0.011 0.036 0.036 ‐0.012 ‐0.121 0.119 ‐0.040 0.052 ‐0.111 ‐0.034 0.029 0.049 1
Q20‐11 0.031 0.359 0.274 ‐0.047 ‐0.053 ‐0.018 ‐0.116 ‐0.088 ‐0.077 0.019 0.045 ‐0.001 0.015 ‐0.010 ‐0.054 ‐0.011 0.094 ‐0.039 0.070 ‐0.013 ‐0.068 ‐0.037 ‐0.050 0.044 1
Q20‐12 ‐0.086 0.615 0.040 0.005 ‐0.077 ‐0.016 0.207 ‐0.002 0.008 ‐0.001 0.020 ‐0.025 ‐0.007 0.007 ‐0.039 0.006 0.016 0.023 0.032 ‐0.030 0.066 ‐0.035 ‐0.055 0.026 1
Q20‐13 0.003 0.632 0.001 0.084 ‐0.009 ‐0.011 0.006 ‐0.010 0.018 0.073 0.029 0.006 ‐0.007 0.086 ‐0.065 ‐0.012 0.046 ‐0.072 ‐0.041 ‐0.001 0.296 ‐0.018 ‐0.012 ‐0.058 1
Q20‐14 0.011 ‐0.019 ‐0.084 0.452 ‐0.012 0.028 0.015 0.029 0.010 ‐0.009 ‐0.017 ‐0.024 ‐0.017 ‐0.044 0.010 0.011 ‐0.009 ‐0.016 0.047 0.005 0.041 ‐0.015 0.014 ‐0.015 1
Q20‐15 ‐0.021 0.578 0.141 ‐0.115 ‐0.005 ‐0.048 ‐0.013 ‐0.045 ‐0.033 0.081 0.010 0.006 ‐0.010 0.064 0.006 ‐0.003 0.099 ‐0.059 ‐0.078 0.000 0.178 0.088 0.020 ‐0.072 1
Q20‐16 ‐0.060 0.491 0.091 0.038 ‐0.059 ‐0.010 0.161 ‐0.092 ‐0.017 ‐0.035 ‐0.036 ‐0.043 ‐0.100 0.030 ‐0.052 ‐0.037 0.021 0.009 0.059 ‐0.010 0.067 ‐0.079 ‐0.014 0.054 1
Q20‐17 ‐0.036 0.641 0.029 ‐0.043 ‐0.026 ‐0.027 0.037 ‐0.010 0.007 0.097 0.004 ‐0.016 ‐0.008 0.072 ‐0.057 ‐0.026 0.095 ‐0.024 ‐0.101 0.012 0.277 0.025 0.003 ‐0.065 1
Q21 ‐0.101 0.277 0.088 ‐0.118 ‐0.010 ‐0.030 ‐0.039 ‐0.005 0.012 ‐0.038 0.065 0.004 ‐0.016 ‐0.016 ‐0.020 0.002 0.415 0.012 ‐0.045 ‐0.028 0.024 0.069 0.019 ‐0.061 1
Count of Significant Questions 16 15 8 4 6 2 3 2 3 4 2 2 3 2 2 2 1 1 0 2 0 0 1 0
Eigenvalue 10.094 5.123 3.767 2.716 2.475 1.969 1.776 1.714 1.527 1.439 1.413 1.323 1.265 1.232 1.179 1.166 1.117 1.093 1.085 1.080 1.062 1.024 1.022 1.006
Percentage of variance accounted for 10.196 5.175 3.805 2.744 2.500 1.988 1.794 1.731 1.542 1.454 1.427 1.337 1.277 1.244 1.191 1.178 1.128 1.104 1.096 1.091 1.073 1.034 1.032 1.017
Extraction Method: Principal Axis Factoring. � Rotation Method: Varimax with Kaiser Normalization.
a Rotation converged in 13 iterations.

Index
Significant factor for question
Expected Factor: Confidence
Expected Factor: Locus of Control
Expected Factor: Outside Math Activities
Expected Factor: Parental Involvement
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Appendix 5 
 

Ethics approval of the study 
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1. Name of Supervisors  

  
a)  Dr. Brian Noonan, Thesis Supervisor 

 Department of Educational Psychology and Special Education  
 

b)  Dr. Laurie Hellsten, Thesis Supervisor 
 Department of Educational Psychology and Special Education  
 

1a.  Name of Student 
 

a) Hollis Lai, Master of Education student 
 Department of Educational Psychology and Special Education 
 

 
1b. Anticipated start and completion date of the study 
 Start: May 15th 2008 
 Anticipated end date of research: September 2008 

 
2. Title of Study 

Factors Affecting Mathematics Achievement in Saskatchewan 
 

3. Abstract  
   

A recent release of an international math assessment program has found students 
in Saskatchewan are significantly underachieving compared to students of other 
provinces and Canada in general. Studies have found many extraneous factors to explain 
for variances in math scores. The purpose of the current study is to determine extra-
curricular factors that affect the student's math achievement in Saskatchewan. Statistical 
analysis will be employed to investigate possible traits that aid students in achieving 
higher math scores. Results from a recent provincial math assessment administered to 
students in grades 5 and 8 will be used for the current study. The goal of the study is to 
provide a better understanding of the factors and trends unique to students in 
Saskatchewan. Software packages such as SPSS and LISREL will be employed to 
analyze the data. 
  

4. Funding   
 There is no external source of funding used on this project. 
  
5. Participants 

Application for Approval of Research Protocol 
 

Behaviour al Research Ethics Board (Beh-REB) 
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 The current study is conducting a secondary data analysis on data collected by 
Saskatchewan Learning. The participants of this study are 22,000 Saskatchewan students 
enrolled in grades five and eight students that participated in the Assessment for Learning 
(AFL) Math Assessment Program in the year 2007. As the data was already collected by 
AFL, all data has been deidentified and no direct contact will be made with the 
participants. 

   
6.   Consent   
  Permission to use the scores and questionnaires has been sought from the Executive 

Director of AFL program. A consent form and subsequent correspondence letters (See 
Appendix A) have been reviewed and signed by the researchers and submitted to AFL to 
ensure confidentiality of the data obtained.  

 
7. Methods/Procedures   

 A literature review will be completed on the prevalent factors that have been 
thought to affect math achievement and scores of students. Those factors will be 
identified with the questions that are probed on the questionnaire given to the students 
after their math assessment in 2007.  

The analysis will be conducted in 2 phases, the first phase will explore if there are 
relationships between the questionnaire questions and a latent factor suggested in 
previous literature using exploratory factor analysis, multiple regression models will also 
be employed to explore possible trends of the questionnaire questions and the students 
math achievement scores. The second phase would be to confirm for the relations as 
suggested by the models created and theorized from previous literature with multiple 
elements of math achievement broken down by learning objectives. The method of 
confirmatory factor analysis will be employed to report for findings of confirmed 
relations.   

 No contact will be directly made with the students that participated in the 
assessment as the present study is secondary data analysis oriented. All data will be 
deidentified and no attempts will be made to identify any record. All rules and regulations 
for the use of ministry data with the province of Saskatchewan will be agreed upon prior 
to data analysis.  
 

8. Storage of Data   
All research data including consent forms, response forms, transcripts and tapes 

will be stored in a locked file cabinet in the Department of Educational Psychology and 
Special Education office at the University of Saskatchewan. All electronic data will be 
pass-coded and stored physically in the locked cabinet. All accumulated data from the 
study will be kept for five years upon study completion by Dr. Noonan at the University 
of Saskatchewan. All data will be destroyed after five years of storage.  

 
 

9. Dissemination of Results   
The results of this study will be disseminated in the form of a thesis. Possible journal 
articles will be submitted to journals such as The Alberta Journal of Education Research.  
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10. Risk, Benefits, and Deception  
The project presents no risk to participants as there is no direct interaction 

involved. The assessment results and questionnaire responses collected from the 
participants by AFL will be used for data analysis purposes. The results of this study will 
be communicated to Saskatchewan Learning, where the results will be available for 
subsequent testing, analyses, and policy review by educational researchers in the 
Saskatchewan education system.  

 
 
11.   Confidentiality   

Any identifiable information regarding the participating schools and classes will be 
removed prior to obtaining the data from AFL. The focus of the present study is on the 
effect of extraneous factors on the overall achievement of students in Saskatchewan; 
therefore no individual results will be reported or needed. The participants of the study 
will not be contacted and any individually identifiable information will remain 
confidential will not be used throughout the analysis. A copy of the confidentiality 
agreement with Saskatchewan Learning is included (see Appendix A) 

 
12.  Data/Transcript Release   

The dataset used in the present study will not be made public and will only be 
used for the purpose of the current study. Any subsequent data files created or modeling 
files created will be deleted as per stipulated in section 8.  
 

13. Debriefing and feedback  
Results of the study will be made available to the Electronic Thesis Database with 

the University of Saskatchewan upon completion.   
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Appendix A: Letter of Use (Sent via electronic methods) 

 
March 18 2008 

 
Darryl Hunter, Executive Director 
Accountability, Assessment and Records 
Ministry of Education 
2220 College Avenue 
Regina, SK S4P 4V9 
 
Dear Mr. Hunter: 

 
Re: Hollis Lai, Research Project 

 
Thank you for your support for Mr. Lai’s research project on factors that affect mathematics achievement 

in Saskatchewan.  As we discussed earlier, please find attached a brief description of the project and a letter of 
agreement from Hollis with respect to using the Assessment for Learning data from the Ministry of Learning to 
undertake the research project.  As you know Hollis has also been in communication with Rick Johnson regarding 
the project. 
 
Thanks for your cooperation. 
Please contact us if you have any questions or suggestions. 
 
Sincerely, 
 
Brian Noonan 
Cc Hollis Lai 

 
 
 

Factors Affecting Mathematics Achievement in Saskatchewan 
Hollis Lai 

Department of Educational Psychology & Special Education 
University of Saskatchewan 

2008 
 
 
The purpose of this study is to examine the factors that affect mathematics achievement in Grades 5 and 8 

in Saskatchewan schools.   The researcher will use data from the recent Assessment for Learning program to explore 
the relationship between academic achievement and factors such as gender, rural urban settings, confidence in 
mathematics, locus of control, parent involvement, and other demographic variables.  The results of the study will be 
useful to educators in developing ways to help improve student learning in mathematics.  

 

 

 

Department of Educational Psychology and Special Education 
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Appendix B: Ethical use of data agreement   

 
Letter of Agreement 
 

For the use of data and collaboration of information with the Department of Accountability, 
Assessment and Records, Saskatchewan Ministry of Education.  

 
I agree to the following conditions concerning the use of data accessed through the Saskatchewan Ministry 

of Education:  
• The data will be used only for the purposes outlined in the description of the research project as 

submitted in prior communication. 
• There will be no attempt to identify individuals or restore personal identifiers, including through 

such means as linkage with other databases or data triangulation. If personal identification of a 
depersonalized record is restored, wilfully or otherwise, all evidence of such identification will be 
destroyed, and the occurrence will be reported immediately to the ministry. 

• All data will be treated in accordance with the Freedom of Information and Protection of Privacy 
Act. In addition, confidentiality will be maintained regarding school or school board information. 
The current research project will abide by ethical use of information guideline as set out by 
SSHRC, University of Saskatchewan and other research agencies involved.  

• Data will not be shared, copied or otherwise made available to additional persons or parties.   
• The security of data files and supplementary documents provided by the ministry will be 

maintained by keeping the information in a physically secure location to which access will be 
given only to authorized individuals in this project, namely Dr. Brian Noonan and Hollis Lai of 
the Department of Educational Psychology and Special Education, University of Saskatchewan. 

• The Saskatchewan Ministry of Education will be acknowledged in any presentation or publication 
arising from the use of its data. 

• The researcher will destroy any data or literature requested from the Ministry of Education 5 years  
after the proposed study has concluded 

• Custody and control of the data remains with Saskatchewan Ministry of Education. 
• The provisions of this agreement that protect personal information survive the termination or 

completion of the project and the research thereunder. 
 
Contact Information 
Hollis Lai 
MEd. Candidate 
Department of Educational Psychology & Special Education University of Saskatchewan 
28 Campus Drive 
Saskatoon, Saskatchewan S7N 0X1 
Telephone: (306) 261-9997 
 
Thesis Supervisor: 
Brian Noonan, Ph.D. 
Associate Professor 
Department of Educational Psychology & Special Education University of Saskatchewan 
28 Campus Drive 
Saskatoon, Saskatchewan S7N 0X1 
Telephone: (306) 966-7723 
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Vita 

 Hollis Lai is currently a Master of Education candidate and research assistant at the 

University of Saskatchewan. He received his Honours Bachelor of Science degree specializing in 

Psychology from Wilfrid Laurier University and will continue his education with the Centre for 

Research in Applied Measurement and Evaluation at the University of Alberta. His research 

interest is in educational assessment methodologies and technology integration in assessment 

designs, but is generally interested in all things involving database integration and technology.  

 


