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Abstract 

The achievement scores of 1532 Year 10 students in the Northern 
Territory on a common external assessment task in mathematics were 
analysed to ascertain whether or not there were significant differences, 
both statistical and educational, between the performances of males and 
females. The students were streamed by schools into one of three levels; 
Level One (advanced), Level Two (standard) and Level Three (basic). The 
analyses were conducted on overall aggregated scores, aggregated 
curriculum strand scores, individual question scores, individual question 
part scores, students' responses, and on the distributions of males' and 
females' scores in particular mark ranges. 

The study found significant differences in the performance of males and 
females in both Level One and Level Three, but no significant differences 
at all in Level Two. In Level One, the differences were found in the mean 
achievement scores in the Number and Measurement strands and on 
individual questions from these strands. In Level Three, gender 
differences were found in overall aggregate scores, in scores for the 
Number, Measurement, Geometry, and Functions and Graphs strands, in 
questions from these strands and in the proportional representation of 
males and females in the top decile of scores. 

Results of content analyses found educationally significant patterns in the 
responses of males and females which suggest that females sometimes 
perform at levels below those of males on some multiple choice tasks, 
that males in Level One had a better understanding of exponential 
growth than their female counterparts and that males in Level Three 
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were more able to use correctly the mathematical conventions in 
rounding amounts of money. Whilst these three findings were isolated, 
they support the findings of much previous research which indicate that 
males and females do perform differently on some types of mathematical 
tasks and on different strands of mathematical content. 

Iv 



Acknowledgments 

I would like to acknowledge the following people for their support, 
guidance and assistance in the completion of this thesis: 

Mr Ian Isaacs, Lecturer in Mathematics Education, NUT, for his 
professional expertise, supervision and guidance; 

Dr Harry Payne, Deputy Secretary, Northern Territory Department of 
Education, for his support; and 

Frankie Maclean, my wife, for her advice, encouragement and support. 

V 



Table of Contents 
Declaration 

. 

Abstract.......................................................................................................................... iii 
Acknowledgments....................................................................................................... v 
Tableof Contents......................................................................................................... vi 
List of Tables, Figures and Graphs............................................................................ ix 
Introduction...................................................................................................................  I 

TheProblem....................................................................................................... 1 
TheSetting.......................................................................................................... 4 
Delimitations...................................................................................................... 5 
Personal Interest/Disclaimer ..........................................................................  5 

LiteratureReview......................................................................................................... 6 
Participation Rates of Females and Males in Secondary 
SchoolMathematics.......................................................................................... 7 
Differences between Females and Males in Overall Scores 
inMathematics................................................................................................ 10 
Gender Differences by Mathematical Content Area................................ 13 
Gender Differences by Ability Level of Students and Age of 
Students............................................................................................................. 19 
Gender Differences in Meta—analytic Studies........................................... 22 
Differences in Errors made in Mathematics by Females and 
Males.................................................................................................................. 24 
Factors affecting Test—Taking in Mathematics.......................................... 26 

TestFormat........................................................................................... 26 
Multiple Choice/Guessing................................................................. 28 
Motivation and Test Anxiety............................................................ 29 

Explanations of Gender Differences in Mathematics.............................. 31 
Socialisation.......................................................................................... 32 
Autonomous Learning Behaviours (ALB).................................... 34 
Differential Course—Taking............................................................... 36 
Biological (Innate) Differences.......................................................... 37 
Culturalfactors..................................................................................... 38 

Summary........................................................................................................... 38 
Methodology................................................................................................................ 41 

Instrument........................................................................................................ 41 
Definitions........................................................................................................ 42 

Level One Mathematics...................................................................... 42 
Level Two Mathematics..................................................................... 42 
Level Three Mathematics.................................................................. 43 
Curriculum Strands............................................................................ 43 
Number.................................................................................................. 44 
Measurement........................................................................................ 44 
Geometry............................................................................................... 44 
Functionsand Graphs......................................................................... 45 
Pattern, Order and Algebra ................................................................ 45 
Probability and Statistics..................................................................... 45 
SocialMathematics.............................................................................. 46 
Achievement by Curriculum Strand.............................................. 46 

vi 



Overall achievement in mathematics............................................47 
Calculation of the Top and Bottom Deciles...................................48 
Gender....................................................................................................48 

DataCollection.................................................................................................49 
Design.................................................................................................................50 

ResearchQuestions.............................................................................50 
NullHypotheses .................................................................................. 52 

Procedure........................................................................................................... 53 
Analysisof Data...............................................................................................54 

Statistical Analysis............................................................................... 54 
ContentAnalysis.................................................................................. 57 

Reliability and Validity.................................................................................. 59 
Reliability............................................................................................... 59 
Validity................................................................................................... 66 

Results........................................................................................................................... 73 
HypothesisI...................................................................................................... 73 
Hypothesis2...................................................................................................... 74 
Hypothesis3...................................................................................................... 75 
Hypothesis4...................................................................................................... 77 

LevelOne............................................................................................... 77 
LevelTwo.............................................................................................. 78 
LevelThree........................................................................................... 79 

Hypothesis5...................................................................................................... 82 
LevelOne............................................................................................... 82 
LevelTwo.............................................................................................. 84 
LevelThree........................................................................................... 84 

Hypothesis6...................................................................................................... 87 
LevelOne............................................................................................... 87 
LevelTwo.............................................................................................. 90 
LevelThree........................................................................................... 90 

ContentAnalysis............................................................................................. 95 
LevelOne............................................................................................... 95 
LevelThree........................................................................................... 98 

Discussion................................................................................................................... 100 
Reliability and Validity................................................................................ 100 
Results.............................................................................................................. 102 
HypothesisI.................................................................................................... 102 
Hypothesis2.................................................................................................... 105 
Hypothesis3.................................................................................................... 106 
Hypothesis4.................................................................................................... 106 

LevelOne............................................................................................. 106 
LevelThree......................................................................................... 110 

Hypothesis5.................................................................................................... 115 
LevelOne............................................................................................. 115 
LevelThree......................................................................................... 116 

Hypothesis6.................................................................................................... 118 
LevelOne............................................................................................. 119 
LevelThree......................................................................................... 120 

ContentAnalysis........................................................................................... 121 
LevelOne............................................................................................. 122 

vii 



Level Three .124 
Conclusion..................................................................................................................126 

Summaryof Results.....................................................................................126 
Curriculum Implementation.....................................................................129 
Shortcomings of the Project/Suggestions for Improvement..............132 
Suggestions for Further Research..............................................................133 

Bibliography...............................................................................................................134 

viii 



List of Tables, Figures and Graphs 
Table I Mark Allocations, by Curriculum Strand, on the 1995 

Mathematics CIAs 47 

Table 2 Mark Allocation Guidelines, by Level and Curriculum 
Strand pairings, for CIA Setting Panels 47 

Table 3 1995 School—based Assessment Guidelines for Year 10 
Mathematics courses in the NT 65 

Table 4 Summary Statistics, by Level, for Female and Male 
Overall Achievement Scores on the 1995 CIAs 73 

Table 5 Observed and Expected Frequencies, by Level, of Males 
and Females in the Top and Bottom Deciles of 
Achievement Scores 75 

Table 6 Summary Statistics, by Level and Gender, for Overall 
Achievement Scores in the Top and Bottom Deciles 76 

Table 7 Summary Statistics, by Curriculum Strand and Gender, 
for the Level One CIA 78 

Table 8 Summary Statistics, by Curriculum Strand and Gender, 
for the Level Two CIA 80 

Table 9 Summary Statistics, by Curriculum Strand and Gender, 
for the Level Three CIA 81 

Table 10 Summary Statistics for Questions on the Level One CIA 
from Curriculum Strands in which Statistically 
Significant Differences, by Gender, were found 83 

Table 11 Summary Statistics for Questions on the Level Three 
CIA from Curriculum Strands in which Statistically 
Significant Differences, by Gender, were found 85 

Table 12 Mean Scores for the Level One Sub—Population and 
Sample for Questions which showed Statistically 
Significant Differences by Gender 88 

Table 13 Summary Statistics for Individual Questions (by part) 
on the Level One CIA for which Statistically Significant 
Differences, by Gender, were found 89 

FI 



Table 14 Mean Scores for the Level Three CIA Sub—Population 
and Sample for Questions which showed Statistically 
Significant Differences by Gender 91 

Table 15 Summary Statistics for Individual Questions on the 
Level Three CIA for which Statistically Significant 
Differences, by Gender, were found 92 

Figure 1 Question 4v Level 1 Mathematics CIA 1995 96 

Table 16 Student Response Statistics for Question Part 4v on the 
Level One CIA 98 

Figure 2 Question lii Level 3 Mathematics CIA 1995 99 

Table 17 Student Response Statistics for Question lii on the 
Level Three CIA 99 

Graph 1 Percentage of Achievement Scores, by Gender, in each 
Interval for the Number strand on the Level One CIA 108 

Table 20 Percentage of Achievement Scores, by Gender, in each 
Interval for the Number strand on the Level One CIA 108 

Graph 2 Percentage of Achievement Scores, by Gender, in each 
Interval for the Measurement strand on the Level One 
CIA 109 

Table 21 Percentage of Achievement Scores, by Gender, in each 
Interval for the Measurement strand on the Level One 
CIA 109 

Graph 3 Percentage of Achievement Scores, by Gender, in each 
Interval for the Measurement strand on the Level 
Three CIA 111 

Table 22 Percentage of Achievement Scores, by Gender, in each 
Interval for the Measurement strand on the Level 
Three CIA 111 

Graph 4 Percentage of Achievement Scores, by Gender, in each 
Interval for the Functions strand on the Level Three 
CIA 112 

Table 23 Percentage of Achievement Scores, by Gender, in each 
Interval for the Functions strand on the Level Three 
CIA 112 

x 



Graph 5 Percentage of Achievement Scores, by Gender, in each 
Interval for the Geometry strand on the Level Three 
CIA 113 

Table 24 Percentage of Achievement Scores, by Gender, in each 
Interval for the Geometry strand on the Level Three 
CIA 113 

Graph 6 Percentage of Achievement Scores, by Gender, in each 
Interval for the Number strand on the Level Three 
CIA 114 

Table 25 Percentage of Achievement Scores, by Gender, in each 
Interval for the Number strand on the Level Three CIA 114 

XI 



Introduction 

'It is hard to find a more controversial topic in recent behavioural 
research than that of sex (gender) differences in the performance of 
mathematical tasks.' (Friedman, 1989, p185). Differences in the 
mathematical achievement of females and males have been the focus of 
many research studies throughout the 20th century, particularly during 
the past four decades (Friedman, 1989). 

The Problem 
The area of mathematics education and gender has been one of 
contention among educators for well over 100 years. As far back as 1870 it 
was argued that, while females might choose to learn mathematics, they 
shouldn't for fear it may harm the natural growth of ovaries (Tyack & 
Hansot, 1988). Further, the Board of Education in England proclaimed in 
1899 that "... girls did in fact lack the same capacity for mathematics as 
boys" (Hunt, 1987, p13). Such specific attitudes and beliefs were congruent 
with the accepted views of the time of the broader spectrum of education 
generally. Women were deemed to be incapable of achieving at Harvard 
College by virtue of their sex (Solomon, 1985) and there were fears that 
education, or at least too much of it, might spoil a girl's chances of 
marriage (Grouws, 1992). Indeed, a principal of Cheltenham Ladies 
College (UK) in the 19th Century wished to introduce mathematics to the 
curriculum but knew it would spell financial ruin for the school because 
parents saw no need for their daughters to learn mathematics and did not 
want them to study it (Stobart et al ,1992). 
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In more recent times there has been a rising interest in the educational 

issues related to gender and mathematics, increasing considerably over 

the past two decades (Grevholm and Hanna, 1995). However, despite the 
attention shown by researchers and educators, the results from research 
have been far from conclusive in favouring one gender group over the 
other in overall performance or in performance on individual content—

specific tasks. Boys have outperformed girls on assessments of 

achievement in some mathematical skills or knowledge and girls have 
outperformed boys on others (Brandon, Newton and Hammond 1987; 

Forgasz, 1994). 

The issues of gender—related participation and achievement differences in 
education generally, and in mathematics specifically, have been a focus of 

schools and education systems since the late seventies (Gilbert, 1996). 

Numerous reports were prepared and policies developed by both the 

Commonwealth Schools Commission and individual state education 

authorities to address and redress gender—related problems pertaining to 
both achievement and participation (Gilbert, 1996). During the 1980s it 
was widely reported that the participation rates and the performance of 
boys in advanced mathematics subjects were superior to that of girls. 

Dekkers, De Laeter & Malone (1991), in Forgasz (1994), found that, 
between 1970 and 1989, the ratio of males to females enrolled in advanced 
or specialist Year 12 mathematics courses was approximately 2:1, despite 
increasing Year 12 enrolments and increasing Year 12 mathematics 

enrolments over that time. Leder & Atkins (1990), in Forgasz (1994), 

found that boys, as a group, outperformed girls on the Australian 

Mathematics Competition papers for students in Years 7, 8, 9 and 10. More 

recent evidence indicated that the performance of girls was comparable to, 
and in some instances better than, that of boys in some mathematics 
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courses at Year 12 (SSABSA, 1993). Also, an analysis of the results for the 
1992 Common Assessment Tasks (CATS), completed by Year 12 students 
in Victoria, found that females performed better on two of the CATS 
while males outperformed females on the other two tasks (Forgasz, 1994). 
To further underscore the equivocal status of gender—related differences 
in mathematics, Milligan et al (1992), in Forgasz (1994), concluded that 
even after a decade of reform effort in curriculum participation, girls were 
still equipped with fewer skills in mathematics. 

The importance of mathematics education, and therefore the study of 
gender—related achievement differences in mathematics, lies in its 
usefulness to students in developing communication skills, in the effect 
it can, and does, have on students' self concept (Mattsson, 1993) and in its 
status and role as a 'door—opener' to further education career options 
(Forgasz, 1994). 

In our increasingly complex and technologically—oriented world, 
mathematics, or more accurately competency in mathematics, is 
becoming more important to all as it forms the basis of much of the 
communication, both written and spoken, that human beings rely on in 
all aspects of their lives (Mattsson, 1993). Mathematics also has "... an 
extraordinary power to teach ... students who they are." (Mattsson, 1993, p 
16). Students who are unsuccessful in mathematics often relate a lack of 
success more widely in their lives than to just the test or course in 
question. Mathematics teaches students that they are intelligent, stupid, 
are having problems or should leave school (Mattsson, 1993), probably 
more so than any other subject or discipline of study. Associated with 
these two factors is the influence, directly or indirectly, that mathematics 
has on career opportunities. Horan, Wall & Walker (1992) showed that, in 
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1990, in the field of engineering—an occupation relying heavily on 
advanced mathematics—male students outnumbered females by almost 
10:1; in architecture male students outnumbered females by more than 
2:1; and in business they outnumbered females by approximately 3:2. 

With approximately 80% of students now staying at school to complete 
Year 12, it is of paramount importance that any gender differences in 
mathematics performance and participation are minimised, especially 
given that girls rely more heavily on school than do boys in that they are 
less likely to take up apprenticeships, traineeships and other school-
workforce transition options (DEET, 1995). This can only occur through 
continued analysis of results and data and associated research activities, 
the findings of which must form the basis of courses of action to be 
considered by parents, teachers, education departments and governments 
alike. 

The Setting 

The Northern Territory Department of Education (NTDE) has 
administered system-wide Common Instruments of Assessment (CIAs) 
in mathematics at the end of Year 10 since 1989. In the Northern 
Territory, Year 10 nominally marks the end of compulsory schooling, as 
almost all, if not all, Year 10 students have attained the age of 15 years by 
the end of their tenth year at school. The CIAs are set at three levels of 
difficulty; Level One-advanced, Level Two-standard and Level Three-
basic. Since the introduction of the CIAs, there has been no detailed 
analysis of performance by gender, other than reporting the numbers of 
males and females achieving in each of five broad grade bands (A to E). 
While this information provided a means for comparing the relative 
overall achievements of females and males in mathematics, it was 
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devoid of much of the detail specific to particular curriculum strands and 
to specific parts of the achievement continuum. 

Delimitations 
This study will focus on ascertaining whether or not statistically 
significant differences in achievement exist between males and females in 
a particular student population, namely Year 10 Mathematics students in 
the NT and, if they do exist, where and to what extent. It will also explore 
the field of errors in mathematics and how, if at all, gender and type of 
error are related. 

This report, part of which is a review of existing literature, will touch on 
possible causative factors for gender differences in mathematics 
performance. However, these factors will not be explored in depth, nor 
will they be the subject of any statistical or qualitative analysis. 

Personal Interest/Disclaimer 
The researcher is currently employed by the NTDE as the Senior 
Education Officer, Assessment/Research, responsible for the 
development of system—wide instruments of assessment in mathematics, 
among them the Year 10 CIAs. 
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Literature Review 

Over 100 years of research into differences between males and females in 
mathematics has yielded equivocal results (Callahan and Clements, 1984). 
The findings of research into gender—related differences in mathematics 
achievement have been both consistent and inconsistent, large and small, 
significant and not significant. The apparent oxymoronic nature of such a 
statement can be explained by the fact that different studies have used 
different kinds of data (collected specifically for a study, collected for some 
other primary purpose—as in the case of the CIAs, aggregate and non—
aggregate data, mean scores and variance scores), the data used were 
collected under different conditions and via different methods, the data 
were analysed in varying ways and the subjects used differed across a 
range of characteristics, such as age, cultural background, educational 
experience, socioeconomic status and motivation. 

Senk and Usiskin (1983) found that when test items cover material 
learned (almost) exclusively in the formal educational environment of 
the classroom, few, if any, patterns of gender differences are found. 
However, they found that when tests are disparate in nature and form to 
that normally encountered at school then males outperform females. 
Another factor that has been found to contribute to the variations in 
research findings on gender differences in mathematics is country of 
residence (education). For example, Ethington (1990) reported that, among 
seventh and eighth graders, females in New Zealand scored lower than 
males on fractions but females in Belgium, France and British Columbia 
scored higher than males; females in France scored lower than males in 
algebra and geometry but females in Belgium scored higher in algebra 
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than their male counterparts; and, that females in Thailand scored higher 
than males in both algebra and geometry. A third factor that can have a 
significant influence on the results obtained in a study is that of sampling. 
Becker and Hedges (1984) in Friedman (1989) found that '... the 
heterogeneity of the samples had been masking a decrease in sex 
differences reported in studies over time.'(p189). 

This review of the literature has been categorised into seven sections, 
each of which is important to consider in any discussion of gender 
differences in mathematics achievement. These sections cover: the 
respective participation rates for females and males in a range of 
(secondary school) mathematics courses; the overall performances of 
males and females on system—wide examinations and major tests of 
mathematics achievement; gender differences in different content areas 
within mathematics; the relationships between gender, age and ability 
level in mathematics; the types of errors that males and females have 
been found to make in completing mathematics problems; factors that 
affect test—taking in mathematics and how they impact differently on 
females and males; and, a brief review of the different explanations that 
have been advanced as causal in the production of gender differences in 
mathematics. 

Participation Rates of Females and Males in Secondary School 
Mathematics 
Any discussion of gender differences in mathematics achievement or, 
indeed, in any subject needs to be contextualised by considering the rate at 
which females and males are represented, or enrolled, in the various 
mathematics courses of study in which achievement is being compared 
and, if possible, the participation rates of both groups in the formal 
schooling process overall. 'Gender differences in examination entry are 
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an important background factor in any interpretation of the actual results, 
particularly where there are clear imbalances.' (Stobart et al, 1992). 
Participation rate data presented in this review are confined mostly to 
mathematics courses in the post compulsory years of schooling. 

In New South Wales, the trend in participation rates in the Higher 
School Certificate (HSC) over the period 1982-94 was that female students 
showed an increasing tendency to enrol in higher level courses such as 
three unit and four unit mathematics (MacCann, 1995), both of which are 
recognised as appropriate preparatory courses for tertiary studies in 
mathematics. However, in Victoria during the period 1967-90 there was a 
relative decline in the proportion of females taking university—approved 
(Year 12) mathematics courses when overall school participation rates 
were considered. This decline was much more pronounced in 
Mathematics B than in Mathematics A, Mathematics B being the higher 
level course (Teese et al, 1995). 

Figures from the Senior Secondary Assessment Board of South Australia 
(SSABSA) for the period of 1988-95 showed there was a small increase in 
the rate of participation of females, compared with males, in the double 
unit Year 12 mathematics course, Mathematics 1 and Mathematics 2, with 
females accounting for approximately 31% of enrolments in 1988 and 
approximately 34% in 1995. The situation in the single unit pre—tertiary 
mathematics course offered by SSABSA in Year 12 in 1988 showed 
females accounted for slightly more than 50% of the enrolment while in 
1995 that proportion had increased to almost 54% (SSABSA, 1989; 1996). 

The phenomenon of under—enrolment of females, relative to 
mathematical ability, is one that is supported by data from both South 
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Australia (single unit Mathematics 1) and New South Wales 
(Mathematics 3 Unit). In both of these courses a greater proportion of 
females than males achieve scores in the upper mark range but fewer 
females, proportionally, enrol in the next (most difficult) course of study 
in both states (double unit Mathematics I and 2 in SA and Mathematics 4 
Unit in NSW). A comparison of the participation rates and achievement 
levels of females and males in Mathematics 2 (part of the double unit—
the most difficult—Year 12 course) in South Australia illustrates starkly 
the situation found in other educational systems. Whilst males 
comprised more than 69% of the candidature, they achieved only 44% of 
A (17-20 out of 20) grades (The Advertiser, 24/06/95). This figure is 
illustrative of two phenomena which have been associated with gender 
differences in mathematics: the under-enrolment of females, and the 
concomitant over-enrolment of males, relative to ability, in the most 
difficult non-compulsory mathematics courses; and, the most able female 
students do at least as well as their most able male counterparts in these 
courses. 

Whilst the participation rate of females in non-compulsory courses of 
study in mathematics in the senior secondary years of schooling has been 
increasing, albeit slowly, they are still represented at disproportionately 
lower levels in such courses than are males. Furthermore, the imbalance 
between female and male enrolments is (still) most pronounced in the 
most difficult mathematics courses. 
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Differences between Females and Males in Overall Scores in 
Mathematics 

Much research has shown that males often achieve higher scores in 
mathematics than females, although this generalisation does not apply to 
all grade (age) levels, nor to all components or areas of mathematics 
(Randhawa and others, 1989). It is possible, even likely, that the 
amalgamation or aggregation of marks into one total score has masked 
the differential in performance of females and males in particular topic 
areas, with differences in favour of males in some areas being off—set by 
differences favouring females in others (Joffe and Foxman, 1988). 
However, even given this possibility, it is still informative and 
instructive to consider the relative overall performances of females and 
males on system—wide examinations and large scale international studies. 

Overall achievement profiles in mathematics achievement illustrate 
inconsistencies between gender groups across Australian states and 
territories (Teese et al, 1995). Males tend to occupy, disproportionately, the 
extremes of the mark ranges in mathematics, demonstrating both the 
strongest and the weakest performances (Teese et al, 1995), 
notwithstanding that aggregate statistics may well conceal important and 
significant differences between the achievements of males and females. 

Results from the Victorian Certificate of Education (VCE) in 1992 showed 
that, in each of three different senior mathematics courses, males were 
represented in greater proportions than females in the top one fifth and 
bottom one fifth of scores (Teese et a!, 1995). Moreover, females, while not 
as successful as males in the upper achievement ranges, experienced 
lower failure rates than males. Conversely, over the period 1987-91 in 
South Australia, 'boys and girls achieve(d) almost identical honours 
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grades (in Year 12 mathematics)' (Teese et al, 1995, p52). However '... this 
occurred on the basis of large differences in participation rates' (p52); 

only about eight girls in 100 took Mathematics 1, which was 
approximately half the overall participation rate of males. Similar ratios 
in the enrolment of females (five in 100) and males (ten in 100) were 
reported in Mathematics 4 Unit (the most difficult Year 12 course) in 
NSW. A report by the Department of Employment, Education and 
Training (DEET) in 1995, Gender, Curriculum and Assessment, referred to 
the "boom or bust" (p3) pattern evident in boys' results in mathematics-
males tended to be over-represented at both extremes of the mark range 
(DEET, 1995). The report also found that girls were under-enrolled in 
mathematics courses, with mathematically talented girls enrolling less 
often in the most demanding mathematics courses. 

An analysis of the 1992 VCE results in mathematics showed that males 
performed significantly better than females on both of the Common 
Assessment Tasks (CATs) that were conducted under exam conditions. 
CAT 3, a multiple choice exam of facts and skills, produced highly 
significant differences (P[calc]  <0.001) in favour of males in five of the six 
mathematics courses, while CAT 4, which involved interpretation and 
analysis tasks, produced such differences in three of the six VCE 
Mathematics courses. These results are in contrast to those for CATs I and 
2, which are based on continuous assessment type tasks, where females 
achieved significantly better results in five of the six courses on CAT 1 
and in four of the six courses on CAT 2 (Cox, 1995). 

MacCann (1995) reported that on NSW HSC (Year 12) examinations, 
females showed an improvement in the period 1991-93, relative to 
males, in both Mathematics 4 Unit and Maths in Society (the latter is not 

Page 11 



accepted by universities as suitable preparation for tertiary studies in 
mathematics). However in the same period females' achievement 
declined relative to that of males in Maths in Practice, the lowest ranked 
(below Maths in Society) of the HSC mathematics courses. 

In South Australia, a comparison of the proportions of females and males 
achieving in the five broad grade bands (A—E) in double and single unit 
mathematics courses in Year 12 showed that the proportions of females 
achieving in the top (A) grade band (17-20 out of 20) had increased from 
1988 to 1995, relative to the proportions of females in each subject 
population. In 1988, females accounted for 31% (931 out of 3005) of 
enrolments in Mathematics 1 (double unit) and were awarded 30% (141 
out of 469) of A grades and 26% (99 out of 379) E grades (0-7 out of 20). In 
1995, when females comprised almost 34% (674 out of 1991) of the 
population, the proportion of females who achieved an A grade increased 
to more than 40% (342 out of 844) while the proportion of females 
achieving an E grade was almost the same (as in 1988) at 25% (18 out of 
73). In the single unit course (the equivalent of the current single unit 
Mathematics 1) in 1988, females comprised 50.5% of the students who 
received a final grade and were awarded 52% (278 out of 542) of A grades 
and 42% (390 out of 936) of E grades. In 1995, when females comprised 
almost 54% of students in the single unit course, there was an increase in 
the proportion of females awarded an A grade to 60%, while the 
proportion of females awarded an E grade remained relatively constant at 
approximately 43% (SSABSA, 1989; 1996). 

Comparative figures for achievement in Year 10 mathematics courses in 
NSW, the only Australian state, aside from the NT, which administers a 
state—wide external mathematics test (NSW School Certificate Reference 
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Test) in Year 10, show that males have outperformed females, albeit by 
small margins. The NSW reference test is set at three levels, Advanced, 
Intermediate and General, and is administered early in the second 
semester of Year 10. Over the period from 1991-1994 there was a slight 
difference in the average achievements of females and males in the 
Advanced course, in favour of males. However that difference decreased 
slightly in that time. Males also tended to outperform females in the •  
upper mark range in the Advanced course (MacCann, 1995). In the 
Intermediate course males maintained a constant edge over females of 
about one tenth of a standard deviation, while in the General course 
males had a similarly consistent advantage over females of 0.2 standard 
deviations. As was the case with the Advanced course, males also tended 
to outperform females in the upper mark range in the General course 
(MacCann, 1995). 

Gender Differences by Mathematical Content Area 
Whilst overall scores in mathematics reveal important information 
about the respective and relative performances of females and males, 
gender differences in mathematics really 'need to be studied through 
comparisons of boys' and girls' performance(s) on different types of 
problems ...' (Low and Over, 1993, p336). Engeihard, Jr (1990) also states 
that ' ... mathematics performance is multidimensional in nature and 
that total test scores ... may obscure significant gender differences ... on 
individual mathematics items.' (p14). 

Some researchers have reported consistent sex (gender) differences in 
problem—solving (Randhawa and others, 1989; Armstrong, 1981 in Senk 
and Usiskin, 1983) while others (Flores, 1990; Swafford, 1980) have 
reported few or no differences. A review of major studies by Stage, 
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Kreinberg, Eccies and Becker (1985), in Hyde, Fennema and Lamon (1990), 
found consistently that high school males performed slightly better than 
females on problem solving and mathematical reasoning tasks, that 
females and males performed more or less equally on algebra tests and 
basic mathematical knowledge tasks, and that females occasionally 
performed better than males on computation tasks. Joffe and Foxman 
(1988) reported that boys performed better relative to girls on 
measurement tasks, such as reading scales and using different units of 
measurement, and that girls did best, relative to boys, on computational 
tasks involving integers and decimals in either context—free exercises or 
on exercises involving money. They also found that females at age 15 
achieved a slight advantage (two per cent) over males in successfully 
completing a series of problem solving tasks related to number patterns, 
supporting other results that found females did better relative to males 
on algebra items. 

However, in contrast, Becker (1990) found that, among mathematically 
able seventh grade age students (in Years 7, 8, 9 and 10), males achieved 
significantly better scores on algebra than did females, who found all 
algebraic word problems more difficult than males, and that both groups 
achieved almost identical scores on geometry items. Females were also 
less able to answer (correctly) items that involved percentages. Becker's 
findings were supported strongly by those of Mills, Ablard and Stumpf 
(1993) who, in their study of academically talented students in Grades 2-6, 
found that males performed significantly better on tasks requiring an 
understanding of algebraic operations or mathematical concepts and on 
tasks requiring an understanding of relationships among numbers which 
involved units, proportions or percentages. Edwards (1984) reported 
similar findings in the analysis of results from the Australian 
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Mathematics Competition (AMC), the candidature for which is, by and 
large, dominated by high achieving students, where females were more 
adversely affected than males by 'severe (mis)understandings' (p12) 
where ratios involving speed, time and distance were required. 

In a study of mathematics performance and perceptions among 
university students, Randhawa and others (1989) attempted to determine 
whether differences between males and females on standardised tests in 
Year 10, in favour of males, persisted into the tertiary years of study. On a 
30 item calculus readiness test, given to 91 first year university students, it 
was found that when high school algebra achievement was controlled, 
males achieved significantly better scores than did females. Moreover, 
univariate differences were also found, in favour of males, for geometry 
and inequalities. In contrast to these results, Endsley (1983), in O'Donnell 
and Endsley (1986), found that females in Denver (USA) achieved better 
scores than did males in first year (high school) algebra. Endsley also 
found that a positive mathematical attitude is significantly related to 
achievement. Still further compounding the inconsistencies apparent in 
the results of these two studies, Swafford (1980) found no significant 
difference in the scores by gender on a (USA) standardised first year 
algebra test. Hyde, Fennema and Lamon (1990), in their meta-analysis of 
100 studies, reported that there was no gender difference in arithmetic or 
algebra scores but that there was a small level of male superiority in 
geometry. 

Engeihard Jr (1990), in an analysis of the results of the Second 
International Mathematics Study, found that differences between females 
and males, in favour of males, increased as the level of cognitive 
complexity of the tasks increased. Among American adolescents, females 

Page 15 



outperformed males on computational tasks, males performed 
significantly better than females on geometry items and that there was no 
difference on arithmetic and algebra items. However, when previous 
achievement was controlled for, females performed significantly better 
than males in both arithmetic and algebra. Overall, Engelhard Jr's 
(American) data suggested that gender differences became ' ... more 
favourable towards boys as the content moves from arithmetic through 
algebra to geometry.' (p20). The results Englehard Jr obtained for Thai 
adolescents were consistent with the American findings in each of the 
three content areas mentioned. 

Fennema and Carpenter (1981), in the analysis of over 70 000 US students' 
results from the second mathematics assessment of the National 
Assessment of Educational Progress, found numerous gender differences 
that were statistically significant: females scored better on low level 
number skills tasks at ages 9 and 13, whereas males scored higher on 
mulitstep word number problems at ages 9, 13 and 17; at ages 9 and 13, 
males achieved significantly better scores on measurement and geometry 
tasks; and, at age 17, male performance was substantially better than 
female performance, and this difference was greatest on tasks of high 
complexity. 

Flores (1990) analysed the standardised test performance of 810 students in 
grades 9-12 in geometry to assess the effects of an experimental geometry 
course. She found that females in the experimental classes were at least as 
good as boys on open-ended proof writing tests and that females in the 
traditional geometry classes substantiated other research findings that 
suggested differences in geometry performance had been reduced to zero. 
Flores concluded that, because of the positive results for females in 

Page 16 



geometry in the experimental classes, the magnitude of gender differences 
may be linked to the context of the learning situation. Senk and Usiskin 
(1983) found similar results in a study of geometry proof—writing ability: 
while males recorded a higher mean number of proofs correct than did 
females, the difference was not statistically significant. They concluded 
that differences between males' and females' scores on end of year 
geometry tests resulted largely from the differential in entering geometry 
knowledge. 

Battista (1990), in a study of 145 high school geometry students, found that 
males scored significantly higher than females on spatial visualisation, 
achievement in geometry and geometric problem solving but that there 
was no evidence of any difference by gender on a test of logical reasoning. 
The higher spatial scores for males was consistent with results of 
Fennema and Tartre (1985). Joffe and Foxman (1988) also found that large 
differences between 15 year old males and females existed in their 
respective results on items involving the visualisation of three—
dimensional figures. The results of a meta—analytic study by Friedman 
(1995) found that females with low spatial skills had more problems with 
many mathematical tasks than did males with low level spatial skills, 
suggesting that males somehow compensate for this deficit. Johnson 
(1984), in Friedman (1995), found that, among college students there was a 
large advantage—in favour of males—on problem solving tasks which 
was accentuated on problems for which no diagrams were provided, and 
that the provision of diagrams improved female problem solving 
performance. 

Ferrini—Mundy (1987) found, in a study of 250 college students, that there 
were significant (statistical) differences in calculus achievement which 
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favoured females and in spatial visualisation ability which favoured 
males. These results concur with those reported by Battista (1990) on 
spatial visualisation but are at odds with those of Randhawa and others 
(1989) on calculus achievement. A potentially educationally significant 
finding by Ferrini—Mundy (1987) was that practice on spatial tasks 
enhanced the ability of females to visualise more than it did for males. 
Edwards (1984), however, found that (AMC) questions which required 
spatial visualisation were done poorly by most students and '... are not 
particularly notable for favouring boys.' (p13). 

McGaw et al (1989), in a study of numeracy levels in Victoria, found that 
Grade 9 males scored significantly better than their female counterparts 
on five individual test items—two on geometry and three on practical 
applications of mathematics—while at Grade 5, males scored significantly 
better than females on just one test item, which was a multiple choice 
measurement task involving estimation. Hanna (1986) found that there 
were statistically significant differences between the achievement levels 
of eighth grade boys and girls on geometry and measurement tasks, both 
in favour of boys. 

From the literature cited herein it is evident that a clearcut difference, of 
either educational or statistical significance, between the performances of 
males and females in particular content areas in mathematics has not 
been substantiated. However there are elements of consistency within the 
literature that suggest, that in some areas of school mathematics, females 
and males, have at least in the past, performed differently: males seem to 
perform better than females on tasks related to geometry, measurement, 
percentage and proportion, and speed—time—distance; as the cognitive 
complexity of the task increases, males also seem to perform better than 
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females; and, females seem to score better than males on arithmetical and 
computational tasks. Data on scores for tasks involving algebra and 
problem solving are less conclusive, with different studies reporting 
varying, and in some cases, conflicting results. 

Gender Differences by Ability Level of Students and Age of 
Students 

Senk and Usiskin (1983) reported that prior to the mid 1970s, gender 
differences in mathematics performance, favouring males, had been 
reported consistently. Between then and the mid 1980s there were further 
reports stating that differences in achievement or performance in 
mathematics did not emerge until early adolescence and, that by the end 
of secondary school, numerous differences, both statistically and 
educationally significant, were to be found. Analysis of the results of two 
national (USA) studies by Armstrong (1981), in Smith and Walker (1988), 
indicated few or no differences at all between males and females 13 years 
old. However a significant difference, in favour of males, in problem 
solving measures was evident among 12th graders. 

Most commonly, no differences have been found between the 
mathematics achievement levels of males and females prior to age 10 
and, where they have been found, most often they were in favour of 
females (Friedman, 1989). Maccoby and Jacklin (1974) stated, on the basis 
of their findings of a meta-analytic study, that gender difference in 
quantitative ability did not emerge until around the age of 12-13 years 
and that gender difference in spatial ability was found consistently in 
adolescents and adults but not in younger children. Fennema and 
Carpenter (1981) reported similar findings, with no differences apparent at 
ages 9 or 13, but that at age 17,' ... males' average performance exceeded 
that of females at every cognitive level' (p555) and ' ...the magnitude of 
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the difference increased consistently in relation to the amount of 
mathematics taken.' (p555). 

Isaacson in Schildkamp—Kundiger (1982) found that, in England and 
Wales, there was negligible difference in the mathematical attainment of 
female and male students at age 11 but, by the age of 16, which is the end 
of compulsory schooling in those countries, females had fallen behind 
males in their achievement levels, particularly in the more difficult 
courses. Halpern (1986), in Hyde, Fennema and Lamon (1990), also found 
that the differences in scores of females and males on mathematics tests 
emerged reliably between the ages of 13 and 16 years. 

These findings are supported by Hyde, Fennema and Lamon (1990) who 
found in a meta—analysis of some 100 studies that, in elementary school 
and middle school, females performed slightly better on computation 
tasks and that males had opened up a clear lead over females in problem 
solving in the high school and college years, and into adulthood. They 
also reported that gender differences increased with selective samples of 
students and were largest in samples of highly precocious 
(mathematically) subjects. Joffe and Foxman (1988) also found that the 
overall ratio of male to female students in the top ten per cent of scores 
on concept and skills tests was approximately 3:2, and slightly greater than 
this at age 15 years. Senk and Usiskin (1983) further contended that the 
largest and most consistent differences occurred among high ability 
students on problems of real world applications and problem solving. 

A study of Year 7—age mathematically precocious males' and females' 
scores on a mathematics scholastic aptitude test by Becker (1990) revealed 
that males scored significantly higher than females overall. Stage et al 
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(1985) also found that achievement differences in mathematics in favour 
of boys did not emerge consistently prior to Year 10; an exception to this 
finding was that, among mathematically gifted students, such differences 
are apparent at earlier grades and ages. These findings were similar to 
those of Mills, Ablard and Stumpf (1993) who reported that, among 
academically talented students in Grades 2-6, boys performed significantly 
better than girls in all five grade levels, and to those of Edwards (1984), 
who found that while the participation rates of males and females in the 
AMC were similar, 'Boys predominate in the medal and prize listings, ...' 
(p11). 

Benbow and Stanley (1983) obtained similar results to these in a study 
among high attaining, mathematically gifted students, among whom 
males outnumbered females by 13 to 1. In contrast to these results, 
Brandon, Newton and Hammond (1987) found, among students in 
Hawaiian public schools, 'relatively higher percentages of girls than boys 

in the 10th deciles' of achievement scores (p452) in 16 out of 20 sub-
groups by grade (4, 6, 8 and 10), year (82-83, 83-84) and sub-test 
(applications, computation and concepts). 

The results of a meta-analysis by Friedman (1989) confirm other findings 
on when gender differences in mathematics achievement emerge, which 
showed that for every seven years increase in the age of the study sample, 
an increase in the male advantage of 0.1 of a standard deviation, which is 
regarded as considerable, was found. Hall and Hoff (1988) suggested that, 
although no statistically significant differences were found among a study 
of second, fourth and sixth graders, the fact that females performed 
slightly better in Grade 2 but males performed better in Grades 4 and 6 was 
indicative of the beginning effects of socio-environmental influences 
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that resulted in consistent gender differences in mathematics 
achievement later in the (high school and college years) schooling 
process. Curcio (1987) also found that, among fourth graders, there was no 
gender difference in ability in comprehending mathematical 
relationships expressed in graphs but, that among seventh graders, a 
statistically significant difference was evident. McGaw et al (1989) found 
that, at both Grades 5 and 9, there was no statistically significant difference 
in the overall achievement levels of females and males, but that six 
individual test items did reveal significant differences, all in favour of 
males. 

It is apparent that, despite the variations in the results of various studies, 
there is evidence to support the notion that gender differences in 
mathematics achievement are, in the initial years of schooling, non-
existent or, at best, statistically not significant. However, as students 
progress through the formal schooling process, differences—on aggregate 
and sub-aggregate scores—become more commonplace and that, by the 
time students reach the non-compulsory years of schooling, differences 
that are found are more likely to be statistically significant and can be 
found across individual studies and different education systems. An 
exception to this generalisation relates to mathematically gifted and 
talented students, among whom gender differences appear to emerge 
much earlier (early and middle years of primary school) than is the case 
in the general population. 

Gender Differences in Meta-analytic Studies 
The variability or inconsistency in the results of studies of gender 
differences in mathematics achievement has prompted a number of 
researchers to use meta-analysis, an increasingly popular technique for 
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evaluating a given area of research, (Hyde, 1981; MacCann, 1995) in an 
attempt to provide a clear(er) picture of this situation. Meta-analysis is a 
statistical technique which measures the magnitude of differences 
between two groups; that is, it is a measure of effect size (Hyde, 1981). The 
results of a meta-analysis by Hyde (1981) showed that gender differences 
in quantitative and visual-spatial ability were small, accounting for 
between only 1%-5% of the population variance, with differences in 
means of between one quarter and one half of a standard deviation. Hyde 
(1981) contended further that much of the research on gender differences 
was prone to the problems of inordinately large samples from which 
statistically reliable results are likely to be produced even where tiny and, 
possibly educationally insignificant, differences exist. 

Another meta-analysis, of 100 studies of gender differences in 
mathematics performance, by Hyde, Fennema and Lamon (1990), found 
that, prior to 1973, there was a difference of 0.31 of a standard deviation, in 
favour of males, but that in studies conducted after 1974 this difference 
had reduced to 0.14 of a standard deviation. They concluded that overall 
the gender difference in mathematics performance was small. The results 
of Friedman's (1989) meta-analysis concurred with these results, finding 
that, although differences in favour of males were found to exist in the 
high school years, the magnitude of the difference had decreased by 
almost 50% from that reported by Hyde (1981). 

The use of meta-analysis in the investigation of the prevalence, and size, 
of gender differences in mathematics achievement has yielded, as one 
would expect, more consistent findings than the collective results of 
individual studies. Gender differences, where they have been found to 
exist, have been found to be small in magnitude and appear to be 

Page 23 



decreasing in size over time. However, while the technique of meta—
analysis may have a smoothing effect on the variations evident between 
individual studies, the effect may well be that of artificially flattening 
variations and, in the process, masking differences at the micro level—as 
aggregate scores sometimes do—which may well have statistical, as well 
as educational, significance. 

Differences in Errors made in Mathematics by Females and 
Males 
Marshall (1983) investigated the errors that males and females had made 
in solving mathematics problems to ascertain if any consistent differences 
were identifiable. Using a classification system developed by Radatz 
(1979), Marshall found that: females were more likely than males to make 
errors which resulted from confusion in the meaning of the language 
used (e.g. similar meaning resembling rather than of identical 
proportions) whereas boys were more likely to make errors in translation; 
females were significantly more likely than boys to make errors on 
multiple choice questions which involved reading units of scale and in 
choosing correct arithmetical operations; females were significantly more 
likely to make errors of negative transfer, in combining numbers with 
little regard to the context of the problem in which they appear, whereas 
males were more likely to make errors as a result of a lack of 
perseverance; and, females made significantly more errors of key word 
association (e.g using the word of to imply multiplication) while males 
were more likely to choose distractors which were linked to the use of an 
incorrect formula (e.g. use of area instead of perimeter of a rectangle). 
Marshall also found that females were more likely than males to make 
computational errors through the incorrect alignment of numbers to be 
manipulated and by following a particular pattern in selecting the least 
value (smallest number) option on multiple choice questions. 
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Low and Over (1993) found that, among 436 10th graders, girls were less 

likely than boys to identify missing or irrelevant information within 

algebraic word problems and, that more girls than boys perceived 

irrelevant information within a problem's text as being necessary in 

solving it. Among 521 11th grade students, they also found that, while 
girls were as able as boys in solving algebraic word problems that 

contained sufficient information, they recorded lower solution rates than 

did boys on problems which contained irrelevant information. These 

results may go some way to offering a partial explanation for the 

differential in performance between females and males on problem 

solving tasks. 

Hanna (1986) found that, among eighth graders, males were more (almost 

twice as) likely than females to answer algebra items incorrectly whereas 

on measurement items females gave incorrect answers more than 50 per 

cent more frequently than did males. Hanna also found that female 

students omitted (did not answer) a significantly greater number of 

questions than did male students. Ramos and Lambating (1996) concluded 
that, because boys gamble more than girls in choosing answers to 

questions they are not sure of, this greater risk—taking behaviour results 

in boys achieving higher scores than girls on multiple choice tests (in 

mathematics). 

It is worthy to note, however, that some researchers have found that no 
significant difference existed between males and females in terms of risk—
taking behaviour (Wallach and Kogan, 1959; 1961 in Ramos and 

Lambating, 1996) and that in fact one study (Slaktar, 1967 in Ramos and 
Lambating, 1996) had shown that females actually omitted fewer 

questions than did males on a mathematics test. It should also be noted 
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that these results are mostly disparate from a large majority of other 
researchers' findings and are also somewhat dated. 

Factors affecting Test-Taking in Mathematics 

Test Format 
Meyer (1992) reviewed a range of studies that had focused on different 
aspects of test—taking in mathematics (and other disciplines), a field of 
research that has received comparatively little attention in the quest to 
identify and explain gender differences in mathematics achievement. She 
investigated the time taken (allowed) to complete tests, the sequencing of 
the test items, the test or exam format, and the testwiseness and 
preparedness of the test takers. Meyer found that the response rate, or 
speed at which questions were answered, did not always relate strongly to 
the accuracy of the responses but rather to personality characteristics such 
as motivation and anxiety. Plass and Hill (1986), in Myer (1992), found a 
significant effect for the time pressure conditions of the test, level of 
anxiety and sex on an age—appropriate arithmetic test: in general, the 
third and fourth grade subjects of their study did better without time 
pressure, low anxious students performed better than middle and high 
anxious children and females scored better than males under standard 
(speeded) testing conditions. 

Graf and Riddell (1972), in Myer (1992), found that males and females 
took different lengths of time to solve identical mathematical problems 
presented in different contexts, one more familiar to females and one 
more familiar to males. They found that, while females and males did 
not differ in the times taken to solve problems presented in a 'female 
context', females took considerably longer than males to solve problems 
presented in a 'male context'. There was, however, no difference in the 
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accuracy rates for the two groups in either of the problem contexts. Graf 
and Riddell also found that whilst the achievement levels of males and 
females were not significantly different, the fact that females spent more 
time on a particular type of contextual problem suggests that, under 
speeded test conditions, females may be disadvantaged by not being able 
to answer a comparable number of questions as males, and thus achieve 
lower scores. In a comparative analysis of mean scores for males and 
females for conventional number—correct scores and number attempted 
to number correct ratio scores, Mills, Ablard and Stumpf (1993) found a 
similar size difference—in favour of males—for both sets of scores, 
suggesting that the imposition of limited time (speeded) tests contributed 
'only a small fraction (towards) the gender differences found ...' (p344). 

The issue of test item arrangement was investigated by Plake, Patience 
and Whitney (1988), in Myer (1992), who found males performed 
significantly better than females on tests where the items were ranked 
easy to difficult and on tests on which the items were randomly ordered. 
Plake, Patience and Whitney (1988) investigated the differential item 
performance of males and females on three tests with different item 
ordering: easy to difficult; easy to difficult within content areas; and, spiral 
cyclical. Whilst no significant effect was found for form or form—by—sex 
interaction, they did find a significant overall effect for sex (gender) with 
females outperforming males. Similar results were obtained by Klimko 
(1984), in Myer (1992), with college students on a test in an introductory 
psychology course, where the only significant predictor of achievement 
was student cognitive entry characteristics. These studies support the 
view that variations in the ordering of test questions do not produce 
consistent statistically significant differences in the test scores of females 
and males. 
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Multiple Choice/Guessing 

Meyer (1992) found that studies testing for gender differences on multiple 
choice tests (in mathematics as well as other subjects) did not always 
reveal an advantage in favour of males. However, when significant 
differences were found between females' and males' achievement levels 
in studies which focused on test format, the differences favoured males 
on multiple choice tests, suggesting that the use of the multiple choice 
format may contribute to a male advantage in test scores that is 
independent of (mathematical) ability. A study by Murphy (1982), in Myer 
(1992), analysed the performances of male and female students on 16 
General Certificate of Education (GCE) examinations, three of which were 
in mathematics and of multiple choice format. It was found that there 
was no significant difference in the performance of males, relative to that 
of females, on two of the three tests. However, Bolger (1984), using a 
sample of 15 and 16 year old Irish students, found that males performed 
relatively better than females on multiple choice tests in English, Irish 
and mathematics. Becker (1990) also found that females found multiple 
choice questions on a scholastic aptitude test in mathematics much more 
difficult than boys, as well as more difficult than data sufficiency 
questions, for which students had to decide if enough information was 
given to be able to, but not actually, solve the problem. Bolger and 
Kellaghan (1990), in Ramos and Lambating (1996), showed that the 
differential in achievement by gender on multiple choice tests could be all 
but eliminated when a free response test format was used. 

Allied to the issue of the possible advantage of multiple choice formats is 
that of test candidates' preparedness, or tendency, to guess answers and to 
change answers. Two studies (Choppin, 1975; Khampalikit, 1982) 
produced different, but in one respect corroborating, results; the former 
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found that, among 14 year old students in England and Wales, there was a 
significant difference in favour of males in the tendency to guess, whereas 
the latter found that, among students in Grades 2, 5 and 8 students, there 
was only a small amount of guessing overall and little evidence of a 
guessing differential between males and females. The results of these two 
studies, suggesting differences in the behaviour of students of varying 
ages in answering multiple choice questions in mathematics, provide 
some support for the view that gender differences in mathematics 
achievement become more prevalent and greater in size as the age of the 
students increase. Skinner (1983) found that, on a multiple choice 
(university) psychology exam, females made many more changes—more 
than double—to their initial answers than did males. However the 
success rate for females on questions which had answers changed was 
lower than it was for males on similar questions. The results of the 1988 
University of Minnesota Talented Youth in Mathematics Program found 
that females were less likely than males to complete a 50 item multiple 
choice test and that their success rate fell away toward the end of the test 
(Meyer, 1992). Together the results of these four studies, whilst not 
conclusive, suggest that the specific behaviours and attitudes employed in 
answering multiple choice tests differ between males and females, 
sometimes resulting in a disadvantage to females. 

Motivation and Test Anxiety 

In addition to the format of a test and the conditions under which it is 
completed, a third factor which may contribute to the differential 
performance of females and males in mathematics examinations is that 
of test preparation and, indirectly, motivation. Watkins and Hattie (1981) 
found that, among university students, females showed more interest in 
their courses than did males and were more likely to adopt a more 
diligent approach to their work. Females were also better organised and 
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less likely than males to use reproducing strategies that enable students to 
just pass. Cox (1995) reported that, among Year 12 mathematics students 
in Victoria, a significant association (p[calc]  <0.001) was found to exist 
between gender and the satisfactory, or otherwise, completion of course 
requirements in ten of twelve different mathematics courses; ' ... females 
are, on average, more organised and conscientious than their male 
counterparts ... '(p58). 

Whilst these results are from but two studies, and refer to course work in 
mathematics, they corroborate the anecdotal experiences of many 
secondary school teachers who have found that female students, 
particularly higher achievers, are more studious and conscientious in 
completing tasks and preparing for assessment activities than male 
students. Moreover, an analysis of 1995 moderated (school—based) 
continuous assessment scores for Year 10 mathematics students in the NT 
showed that, in both Levels One and Two, females' scores were 
statistically significantly higher than were males' scores (NTDE, 1996). In 
Level Three there was no significant difference, with mean scores for 
males and females being only 0.2 out of 100 apart-55.2% and 55% 
respectively. These scores were composite scores based on a range of 
assessment tasks, such as topic tests, projects, assignments and 
investigations, most of which required students to work outside of class 
time, seek assistance of their own volition as required and to meet 
negotiated deadlines. 

Test anxiety is another factor that has been considered to be of some 
significance when considering possible contributing factors to gender 
differences in mathematics. Academic test anxiety has been found to be 
directly related to poor performance on mathematics achievement tests, 
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inversely related to positive attitudes to mathematics and directly related 
to mathematics avoidance (Hembree, 1990). Hembree (1988), in a meta-
analysis of the results of 562 studies on academic test anxiety, also found 
that females demonstrated higher levels of test anxiety than did males. 
This difference was small in the early primary years, increased in size 
between Grades 5 and 10, and then declined through the senior secondary 
and college years. Hembree also found that test anxiety decreased as the 
ability level of the students, both males and females, increased. The latter 
of these two findings explains, to some extent, the drop-off in anxiety 
levels among females beyond the junior secondary years. Given that 
females under-enrol, relative to males, in advanced mathematics courses 
in the non-compulsory years of schooling, and that many females choose 
mathematics courses which are of difficulty levels below that of their 
mathematical ability, it is not surprising that the level of female test 
anxiety drops off; only the best of the very good female students choose 
the most difficult courses while many females enrol in courses of lower 
levels of difficulty—in which they do well. 

Explanations of Gender Differences in Mathematics 

The range of theories that have been put forward in attempts to explain 
gender differences in mathematical achievement are quite disparate. 
However, they can be broadly classified dichotomously as either socio-
environmental or heredity in focus (Friedman, 1989). To conclude that 
gender differences in mathematics achievement are the result of one 
specific factor would be misleading, if not incorrect (Randhawa and 
others, 1989). Such differences, when and where they are found, are more 
likely to be attributable to several factors, individually or acting in concert. 
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Socialisation 

Aspects of differential socialisation for males and females as a factor in 
gender differences in mathematics was suggested almost thirty years ago 
(Sherman, 1967). At that time, Sherman contended that the 
encouragement of females into activities of a verbal and literary nature, at 
the expense of spatial and mechanical tasks, may well impact on other 
cognitive areas such as mathematical ability. Societal gender—based 
stereotypes about career interests and the absence of many appropriate 
role models for young females to follow may also result in females, in the 
high school years, developing perceptions of mathematics ability as not 
being useful or important in securing future employment (Armstrong 
and Price, 1982), and hence choose not to pursue their studies of 
mathematics—particularly in advanced courses—through senior 
secondary school and into the tertiary education arena. Other stereotypes 
about females traditionally not doing well in mathematics may also be 
reinforced and, when combined with low levels of enjoyment and 
confidence, and high levels of anxiety, result in females, more so than 
males, choosing not to study further mathematics. Armstrong and Price 
(1982) found that students who liked mathematics and believed they were 
good at it were more inclined to study high school mathematics for 
longer periods than those students who had less positive attitudes. 

In addition to students own feelings towards mathematics, Armstrong 
and Price (1982) also found that the active encouragement of both parents, 
and role modelling by fathers, were both instrumental in increasing the 
participation rates of both males and females, whereas differential 
treatment of students by teachers was significantly correlated with course 
taking for males but not for females. The findings of Eccies and Jacobs 
(1986) were consistent with Armstrong's and Price's, in that students' 
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attitudes towards mathematics were influenced considerably by their 
parents' perceptions of the usefulness of mathematics and how difficult 
they believed mathematics was for their children. Prior to these findings, 
Jacobs and Eccles (1985) had found that parents' attitudes towards their 
children and their mathematics achievement, particularly those of 
mothers of daughters and of fathers of sons, had been affected, the former 
adversely, by media reports of male superiority in mathematics. 

Joffe and Foxman (1988) found that at age 15 boys consistently rated 
mathematics as more useful that did girls; at age 11 , there was no 
discernible difference, with both gender groups responding that 
mathematics was useful. Furthermore they found that at age 15 girls 
found mathematics significantly more difficult than did boys and that 
boys underrated the difficulty of items, relative to performance, whereas 
girls overrated them, suggesting that confidence in one's mathematical 
ability differed between males and females. These findings dovetail with 
those cited previously on achievement differences which reportedly 
emerge reliably through junior high school and high school, at around 15 
years of age. 

Luchins and Luchins (1980), in Benbow and Stanley (1981), suggested that 
environmental influences, both within and external to the classroom, 
may be different for males and females. The results obtained by Hanna 
(1986) support the contention that out-of--class activities and experiences 
contribute to differences between males and females in mathematics; 
although males achieved significantly better than females on geometry 
and measurement, teachers of the students tested reported that only about 
one half of the material covered in the geometry items had been taught 
formally, either in or before Year 8, but that approximately 80 per cent of 
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the measurement curriculum had been covered prior to the test. 
However the effect of in-class interactions can not be discounted. Becker 
(1981) found that, in an analysis of teacher-student interactions 
involving seven female and three male mathematics teachers in three 
different schools, there were statistically significant differences, all in 
favour of males, in the number of open-ended questions (teacher waits 
for a volunteer to answer) answered, in the number of higher order 
questions (asked by the teacher) answered and in the number of questions 
answered by a student calling out and thereby gaining the teacher's 
attention. The third of these findings in particular suggests that, because 
males are more willing to 'forcefully' gain the teacher's attention by 
calling out (Becker found that 67% of call-outs were made by males), and 
that teachers are prepared to give students' attention when they do this, 
the mathematical learning, and hence achievement, of (some) females is 
hampered or restricted, more so than for males. 

Autonomous Learning Behaviours (ALB) 
The Autonomous Learning Behaviours model is one that has been 
proposed in an attempt to explain the lower performance of females, 
relative to males, on high level cognitive tasks in mathematics. 
Autonomous learning behaviours include, amongst others, working 
independently on, showing persistence with, and choosing to work on, 
high-level mathematical tasks (Fennema & Peterson, 1985). 

The belief that females are more dependent learners than males is one 
that has had support for at least the past 25 years (Fennema & Peterson, 
1985), with a generally held view that females exhibit more dependent 
behaviours, such as seeking physical contact, attention, praise and 
approval and resisting separation, than do males, and that this difference 
is evident in children from a very early age (Fennema & Peterson, 1985). 
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Moreover, it has also been conjectured that these differences are the result 
of differential socialisation processes for females and males, a result of 
which is that females (girls) are less likely to engage in independent 
exploration of their world(s) than are boys (Hoffman, 1975). Consequently, 
females, more so than males, are more likely to exhibit dependent 
behaviours when they go to school. 

However, the development and internalisation of ALBs is dependent on 
much more of the socialisation process that what one is immersed in 
during the infant years of life. Fennema & Peterson (1985) contended that 
an individual's internal beliefs about mathematics—which necessarily 
must develop as one is exposed to the more formal process of 
mathematics education in the school context—plays an important role in 
whether or not an individual is likely to develop and exhibit ALBs. 
Analyses of factors such as confidence in one's ability to learn and use 
new mathematics, perceived usefulness of mathematics and one's causal 
attributions for success and failure in mathematics have shown that all 
three exhibit gender—related differences (Fennema & Peterson, 1985), and 
that these differences seemed to be linked to the different types of 
activities in which females and males participated and to the different 
types, for females and males, of teacher—student interactions within the 
mathematics classroom. 

ALB characteristics don't develop overnight, nor do they develop 
suddenly when one attains adulthood. Rather, they develop over long 
periods of time and are learned and refined as one is allowed, or expected, 
to exhibit them; an assumption of the ALB explanation of gender 
differences is that greater participation in autonomous learning activities 
leads to enhanced ALBs, which subsequently leads to increased 
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performance on high—level cognitive tasks in mathematics (Fennema & 
Peterson, 1985). Gustin (1982) and Grieb and Easley (1984) contended that 
experience in working (and learning) independently was important in 
developing strong conceptual understandings in mathematics, which in 
turn were essential in achieving success in high level mathematics 
courses and on individual high—level cognitive tasks. It is therefore 
reasonable to accept that the differential development of ALBs in females 
and males does contribute to the gender differences in mathematics, in 
both participation and performance; because females are more inclined to 
exhibit dependent behaviour more frequently than males, then they are 
less likely to choose the sorts of activities (high—level tasks) that promote 
and enhance the mathematical learning process, and therefore, are also 
less likely to engage in the other kinds of autonomous learning 
behaviours that are apparently necessary in achieving success on high—
level mathematics tasks. 

Differential Course—Taking 

The effects of differential course taking in mathematics is inextricably 
confounded by the effects of student characteristics, such as intelligence, 
motivation and prior mathematical achievement (Jones, 1987). Kimball 
(1989) suggested that differences in course selection between males and 
females account for some, but not all, of the differences in mathematics 
performance between males and females. This is supported someway by 
the findings of Hyde, Fennema and Lamon (1990) that gender differences 
of greatest magnitude emerged in the high school and college years, 
coinciding with the end of compulsory subject (mathematics) taking and 
the commencement of students selecting their own courses of study; the 
implication being that, for whatever reason(s), females choose fewer 
mathematics courses and those they do choose are generally of a lower 
level than those chosen by males. Jones (1987) suggests that gender 

Page 36 



differences, among others, could be reduced by encouraging more females 
to enrol in advanced mathematics courses in high school. 

Biological (Innate) Differences 

The results of research in the physiology of the brain suggest that 
differences between males and females in both verbal and spatial abilities 
may be related to differences in the way that those functions are 
distributed between the cerebral hemispheres in males and females 
(Springer & Deutsch, 1981 in Battista, 1990), with the left hemisphere 
specialised for logical and analytical thinking and numerical operations 
while the right hemisphere predominates for spatial tasks, artistic 
endeavour and holistic thinking (Battista, 1990). 

Benbow and Stanley (1980, 1983) promulgated the belief that males were 
inherently better at mathematics, possibly due to greater male ability in 
spatial tasks, than females. However their results, which were obtained 
using highly selective or specialised (gifted and talented) samples of 
junior high school students, had dubious external validity when applied 
to the general population (Hyde, Fennema and Lamon, 1990). 

Friedman (1989) contended that, given the results of meta-analyses have 
shown that gender differences in mathematics achievement have been 
decreasing over time, it has been environmental factors, and not the 
biology of the study subjects, which changed over the period of time in 
which these differences were found to have decreased. Given that 
achievement behaviour is extremely complex and has been shown to be 
related to factors such as socioeconomic status, learning experiences, birth 
order and motivation, among others, it is unlikely that biological 
differences such as sex chromosomes, sex hormones and anatomical 
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differences directly influence cognitive functioning (Peterson and Wittig, 
1979), nor have direct influence on achievement in mathematics. 

Cultural factors 

Leder (1986) referred to the effect that societal (cultural) expectations and 
beliefs can have on the learning process, where curricular and 
instructional approaches and priorities vary (from country to country) 
and, thereby, contribute differently to the differences between males and 
females in the area of mathematics achievement. Brandon, Newton and 
Hammond (1987) concluded similarly based on their results of a study of 
Hawaiian public school students. They found, as had previous studies in 
Hawaii, that females held an advantage over males in mathematics 
achievement, and that such gender differences '... vary by ethnicity along 
a continuum ranging from moderate differences favouring girls to large 
differences favouring boys.' (p 454). Inconclusive results from another 
study by Joffe and Foxman (1988) suggest that school ethos and the 
influence of individual teachers are both potentially rich sources of 
information that may well contribute to a better understanding of how 
and why gender differences in mathematics performance are generated. 

Summary 

It is clear from this review of the relevant literature that, although there 
are some inconsistencies in the findings from different studies, there is 
sufficient evidence to conclude that gender differences in mathematics 
achievement or performance were apparent in the past and still exist, in a 
variety of contexts, today (Hyde, Fennema and Lamon, 1990). Whilst there 
is variation in the kind, and the magnitude, of the differences between 
males and females, a number of results, which have been found more 
consistently than others, are supported by the findings from a range of 
studies. These are that: 
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Females tend to do as well as, or better than, males on tasks 
involving computation, which are generally of a low level of 
complexity, while males outperform females on problem solving 
tasks and other tasks of high cognitive complexity. Males, in general, 
have also demonstrated superior achievement on tasks testing 
spatial ability (Hyde, Fennema and Lamon, 1990). 
Differences between males and females in mathematics 
achievement and participation, which are small or not evident in 
the early primary or elementary years of schooling, emerge in the 
later years of primary school and in the early teen years and become 
more apparent in the senior high school years and in adulthood. 
The participation rates of females in non—compulsory advanced 
mathematics courses, while increasing, are still well below those of 
males, although the achievement levels of the females in such 
courses is often as good as, and in some cases better than, those of 
males enrolled in the same courses. 

Gender differences among mathematically talented students tend to 
emerge earlier, often in the early and middle years of primary 
schooling, than they do in the general population. 
Females seem to be at some disadvantage when completing multiple 
choice tests, partly due to their greater reluctance than males to guess 
answers to questions. Females also tend to spend more time 
deliberating over the answers to multiple choice tasks and change 
their answers more frequently than do males, resulting in less time 
being available to them to work through other tasks and, potentially, 
resulting in lower scores through non—completion of tasks. 
Environmental, and not biological, factors of myriad types appear to 
be responsible for most of the differences that have been found 
between males and females in mathematics performance and 
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participation; that differences found reflect, and are indicative of, 
non-cognitive aspects (of the socio-cultural environment) rather 
than, or at best in addition to, any true aptitudinal differences that 
may exist between males and females (Eccles and Jacobs, 1986). 

7. Females seem to score better than males on arithmetical and 
computational tasks whilst males seem to perform better than 
females on tasks related to geometry, measurement, percentage and 
proportion, speed-time-distance, and on tasks of increasing 
cognitive complexity. 
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Methodology 

Instrument 
The achievement scores used in the analysis were derived from a system—
wide test in mathematics which was administered to all Year 10 

mathematics students in Northern Territory secondary schools in Week 8 
(of 10) of Term 4 in the 1995 school year .  . The test was the Year 10 

Mathematics Common Instrument of Assessment (CIA) which was set at 
three levels or standards: Level One (advanced); Level Two (standard); 
and Level Three (basic). Students had two hours, plus ten minutes 

reading time, in which to complete the test, which was set by expert 
practising teachers with guidance from departmental assessment and 
curriculum officers. The Level One CIA comprised 17 questions, the Level 
Two CIA 19 questions and the Level Three CIA 20 questions, organised 
into two sections. Section A questions consisted of short answer skill—
based tasks grouped according to curriculum strand and, in general, each 
task was worth only one or two marks. Section B questions were longer 
interrelated multi—part tasks with a primary focus on one particular 

curriculum strand. However, tasks from more than one curriculum 
strand were included in most Section B questions. Questions ranged in 
mark allocation from four to nine. Each of the three CIAs was based on 
the relevant sections of the NT Mathematics Board Approved Course of 
Study, Junior Secondary (BACOS) and set so as to assess students' 
knowledge and understanding across six curriculum strands, in 
accordance with specified weightings for each strand. The curriculum 
strand weightings varied among the three different CIAs. 
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Definifions 

Level One Mathematics 

Level One Mathematics is defined as that level of mathematics at which 
students must study and be assessed if they are contemplating further 
studies in senior secondary school and at university in mathematics, or a 
field which requires specialised mathematical knowledge, such as 
engineering. Typically, students studying Level One Mathematics in Year 
10 are the most able students, mathematically speaking, in that cohort. 
The process by which students are identified to enrol in Level One classes 
Consists of teacher recommendations based on previous performance and 
identified potential, student self-identification based on previous 
performance and future career aspirations and parental desire for 
children to enrol in an advanced course of study in mathematics. 

Level Two Mathematics 

Level Two Mathematics is defined as that level of mathematics at which a 
majority, the approximate middle 50 per cent, of Year 10 students will 
study. It covers those mathematical concepts and skills which have been 
deemed important, by the Northern Territory Board of Studies (NTBOS), 
for students to master in order to pursue further studies in general 
mathematics courses which do not lead to tertiary studies in 
mathematics, but which are useful in other tertiary courses of study, and 
which are required by most trade—based occupations. The fundamental 
differences between Level Two and Level One are the level of difficulty, 
and the volume, of the algebraic content, the complexity in problems 
posed and the depth of treatment in general of all curriculum strands. As 
with Level One, the process of placement in Level Two mathematics 
courses is based largely upon teacher recommendations in light of 
previous mathematical achievement and student self-recommendation. 
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Level Three Mathematics 

Level Three Mathematics is defined as that level of mathematics which is 
most suited to those students who consistently encounter difficulties in 
grasping simple mathematical concepts and following straightforward 
procedural algorithms. Level Three is very much dominated by simple 
number, geometry and measurement concepts with only a small 
component of elementary pre—algebra and algebraic concepts and skills. 
There is a strong emphasis on the use of arithmetic and measurement in 
simple, practical, everyday contexts, with very little attention, either in 
terms of time or content/concept listings, given to the more abstract 
forms of mathematical endeavour such as formal algebra, deductive 
geometry and non—linear functions. 

Curriculum Strands 

The BACOS for junior secondary mathematics consists primarily of six 
content—based curriculum strands: Pattern, Order and Algebra; 
Measurement; Number; Geometry; Functions and Graphs; and 
Probability and Statistics. In addition to these strands, a seventh strand, 
Social Mathematics, which comprises work on money, income and social 
issues completes the BACOS. Each strand in the Board Approved Course 
of Study is organised around key focus statements—which are largely 
content-based—and suggested activities which, along with suggested 
reference materials, provide amplification of the focus statements. Whilst 
the broad curriculum strand names are commonly used by mathematics 
curriculum writers and educators, in other Australian states and 
overseas, the specific content of each of the strands could not necessarily 
be considered to be generic to a particular strand. What one education 
system may classify as algebra another may classify as functions and what 
may be classified as number by one may well be classified by another as 
measurement. 
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The following curriculum strand content descriptions provide a context 
within which the analysis of student performance, by strand and by 
individual question, can be explicated and interpreted. 

Number 

The Number strand covers content and concepts that relate to both 
mental and calculator activities, such as estimation, approximation and 
calculation. The content of this strand covers operations with positive 
integers, patterns in number, order of operations, directed numbers, 
rational numbers, operations with fractions, decimal numbers, ratio and 
proportion, percentages and their application, irrational numbers, index 
notation and index laws, exponential functions and logarithms. 

Measurement 

Throughout the Measurement strand the use of metric units is assumed 
for length, mass, capacity and volume. The content of this strand covers 
length, area (including the circle) and surface area (including the surface 
area of a sphere), volume and capacity and related conversions, time and 
timetables (12 and 24 hour time), mass and density, speed, temperature, 
Pythagoras' Theorem, scale drawings, trigonometry of right angle 
triangles and simple trigonometric (circular) functions. 

Geometry 

The geometry strand covers the recognition, classification and 
construction of plane and solid figures, analysis of the properties of these 
figures, informal and formal deductive arguments to deduce properties of 
(mostly) triangles, quadrilaterals and circles, and intuitive and formal 
transformations of plane and solid figures, both in co-ordinate and co-
ordinate-free contexts. Similar triangles and congruency are both 
fundamental underpinnings of this strand. 
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Functions and Graphs 

The Functions and Graphs strand covers the investigation and modelling 
of real world phenomena with a variety of functions. It covers the 

analysis of relationships in tabular, algebraic and graphical forms, 
translation between these forms of representation and the analysis of the 
effects of parameter changes on the graphs of functions. Linear, quadratic 
and exponential functions, along with time-distance relationships, are 
the kinds of functions which are emphasised in this strand. 

Pattern, Order and Algebra 

This curriculum strand covers the representation of concrete situations 
and number patterns presented in tabular and graphical form as verbal 
rules and algebraic equations, solving a range of real-life and abstract 
problems using equations and inequations and using graphs to explore 
and interpret patterns in mathematics. The scope of this strand covers 
linear patterns, algebraic manipulation, binomial expressions, quadratic 
theory, simultaneous equations and inequalities, and direct and indirect 
variation. 

Probability and Statistics 

The Probability and Statistics strand covers the collection, organisation 
and description of data, construction and interpretation of tables and 
graphs and measures of central tendency and dispersion. Students are 
required to draw simple inferences and construct arguments based on 
data analysis and the use and abuse of statistics. The exploration of simple 
models involving chance using theoretical probability and experimental 
data to make predictions about the likelihood of the outcome of particular 
events, including independent and conditional events, complete this 
strand. 
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Social Mathematics 

This strand incorporates mathematical ideas and content from a number 
of content—based strands in the exploration of various simple 

applications, such as tax and income and planning for a major event, 
such as a school camp or the construction of a pooi. For the purposes of 
the analysis of Year 10 students?  mathematics achievement scores, 
questions which were derived from this strand were classified as either 
Number or Probability and Statistics according to the content basis of the 
tasks. 

Achievement by Curriculum Strand 

Individual questions on each of the three CIAs were classified as 
belonging to one of the six content strands in the BACOS. Questions in 
Section A on each CIA were readily categorised as the questions were 
constructed with specific reference to the curriculum strands. Section B 
questions, on all three CJAs, were not as readily classified as some 

questions contained parts from several different curriculum strands. 
However each question was classified as being in one or another strand 
based on the overall thrust of the question. For example, Question 9 (the 
first question in Section B) on the Level One CIA was classified in the 
Functions and Graphs strand, even though it contained individual tasks 
which, by themselves, would have fitted better in the Pattern, Order and 
Algebra strand. 

Accordingly, the performance by curriculum strand was based on the 
aggregate score achieved for those questions classified in each strand. 
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Table 1 Mark Allocations, by Curriculum Strand, on the 1995 
Mathematics CIAs 

_____________ 
 

Curriculum Strand Level One Level Two Level Three 

Number  20 24 26 

Measurement 
_ 

19  18  21 

15 
Pattern, Order and 

18 14 13 
Probability and 
Statistics . 10  14 

. 100 .00 

The weightings allocated to each curriculum strand were guided by 
specific weightings for pairs of strands, which were specified by the CIA 
sub—committee of the Mathematics Subject Area Committee in the NT, as 
detailed in Table 2. 

Table 2 Mark Allocation Guidelines, by Level and Curriculum Strand 
pairings, for CIA Setting Panels 

ThJ Strand Pairings Level One Two Level  Three  

Number, and 
Probability and 34% 34% 40% 
Sta.......

.................................................................................................. 

Measurement and 33% 33% 35% 
Geometry  

Pattern, Order and 
Algebra, and Functions 33% 33% 25% 
and GraDhs 

Overall achievement in mathematics 

The overall achievement scores used were the aggregate scores for all 
questions on the CIAs in Mathematics, at either Levels One, Two or 
Three. 
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Calculation of the Top and Bottom Deciles 

The overall scores in the top and bottom deciles were identified by 
calculating 10 per cent of the candidature in each CIA and using this 
figure to count off the required number of students from a rank order list 
of achievement scores in descending order. In Level One Mathematics the 
candidature was 503. Ten per cent calculated to 50.3. This number was 
rounded down so that the number of student scores used was 50. 
However when defining the bottom decile of scores, the bottom 50th and 
51st scores were equal (28.5 out of 100). So as not to artificially split 
between two identical scores, a decision was made to move down through 
the rank order until the next lowest score was found. This resulted in the 
bottom decile containing 49 scores instead of 50. In Level Two, the 
candidature was 741 and so the top and bottom 74 scores were to be used, 
74.1 being rounded down. However, a similar situation arose with the 
bottom decile in the rank order of the Level Two scores as did in the 
Level One scores. Accordingly, the bottom decile included only 71 scores 
instead of 74. In Level Three, 288 students sat the CIA. A simple 
calculation showed that ten per cent of this total was 29, rounded up from 
28.8. The top and bottom deciles of the Level Three rank order of scores 
both included the required 10 per cent of scores; that is the top 29th and 
top 30th scores were different and the bottom 29th and bottom 30th scores 
were different, enabling the cut-offs to be made to include 29 scores in 
each decile. 

Gender 

The classification of students as either male or female was done on the 
basis of information recorded on the NTDE's computerised records held 
at schools and collected at the time of student enrolment at the school at 
which they sat the CIA. This information was downloaded electronically, 
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to a central computer site, by all schools, along with student identification 
numbers, prior to students sitting the CIAs in Mathematics. 

Data Collection 

The data used in this study were collected as part of a system-wide 
assessment program, the Northern Territory Assessment Program 
(NTAP). Achievement scores for the entire 1995 Year 10 mathematics 
population were used in this study; in 1995 the numbers of students in 
Year 10 who completed the CIAs were 503 (508) in Level One, 741 (744) in 
Level Two and 288 (292) in Level Three. Numbers in brackets represent 
the total numbers of students who received a CIA score, including those 
students for whom estimated scores were calculated. All analyses were 
carried out using only scores that students had actually achieved, 
excluding estimated scores. The students were based at all of the major 
population centres in the NT, as well as a small number of students who 
were located at more remote locations and completed their Year 10 
mathematics studies by correspondence through the Northern Territory 
Secondary Correspondence School. 

The performance data and personal information for all Year 10 students 
were accessed from an NTDE database which contained all students' data 
pertaining to the Year 10 Mathematics CIAs. Copies of sample student 
scripts were made by NTDE administrative staff and each script had the 
relevant personal information recorded on it. The samples of student 
scripts, in excess of 10 per cent of each sub-population, were chosen at 
each of the three levels by a process of random selection. 
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Prior to sitting the CIAs, each student was allocated a six digit 
identification (ID) number which was exactly divisible by eleven. These 
numbers were assigned, in ascending order, to students who were listed 
alphabetically, in 'ascending' order; that is, from A to Z. Then each 
student was allocated to a batch based on the last digit of the ID number. 
For example, all ID numbers ending in zero were batched together, in 
ascending order, in batches of twenty. If there were fifty five ID numbers 
ending in zero, there were three batches, with the batch numbers of 01, 02 
and 03. The third batch would of course only have had fifteen numbers in 
it. The samples of student scripts were then chosen by selecting batches of 
20 papers for each level so as to constitute a sample size of at least 10 per 
cent. The Level One sample comprised 80 papers, the Level Two sample 
120 papers and the Level Three sample 60 papers. Proportionally more 
papers were selected for Level Three than for the other two levels because 
of the lower overall number of students in this sub—population. 

Design 

The research questions posed, from which hypotheses could be 
formulated and tested, related to the proportional representation of male 
and female scores in specific groups of sub—population scores and to the 
differences in mean scores of males and females on various component 
and aggregate scores derived from the CIAs. Seven questions were posed 
from which null hypotheses were constructed. 

Research Questions 

1. Did the overall achievement scores of males and females on the 1995 
NT Year 10 Mathematics CIAs at each of Levels One, Two and Three 
show a statistically significant difference? 
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Were the levels of representation of males and females in the top and 
bottom 10 per cent of achievement scores on each of the CIAs 
statistically significantly different from the proportional representation 
of each group in the Level One, Two and Three sub—populations? 

Was there a statistically significant difference in the mean 
achievement scores of males and females represented in the top and 
bottom deciles of scores on each of the three CIAs? 

Were the mean achievement scores of males and females on each of 
six sub-groups of questions, identified by curriculum strand, on the 
Year 10 Mathematics CIAs statistically significantly different? The six 
strands were Pattern Order Algebra, Measurement, Number, Functions 
and Graphs, Geometry, and Probability and Statistics. 

With reference to questions classified as belonging to curriculum 
strands where statistically significant differences were found, were the 
mean achievement scores of males and females on individual 
questions in these strands statistically significantly different on each of 
the CIAs? 

With reference to individual questions on which statistically 
significant differences were found, were the differences in the patterns 
(proportions) of achievement scores of males and females on 
individual parts within these questions statistically significantly 
different on each of the CIAs? 
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Were there any patterns in the incorrect responses of females and 

males on question parts which showed statistically significant 
differences which underpinned these differences? 

Null Hypotheses 

The following hypotheses were tested within each of the three sub— 
populations of student achievement scores derived from the CIAs. 

There was no statistically significant difference in the mean overall 
achievement scores of males and females. 

Males and females were represented proportionally, apropos of their 
representation in enrolments in the top and bottom deciles of overall 
achievement scores. 

There was no statistically significant difference in the mean 
achievement scores of males and females who achieved in the top or 
bottom deciles of overall achievement scores. 

There was no statistically significant difference in the mean 
achievement scores of males and females on each of the six sub—groups 
of questions classified by curriculum strand. 

There was no statistically significant difference in the mean scores of 
males and females on any individual questions which belonged to 
curriculum strands on which statistically significant differences were 
found. 

There was no statistically significant difference in the observed and 
expected frequencies of scores of males and females in particular mark 
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ranges on separate question parts of individual questions where 
statistically significant differences were found. 

The seventh research question was addressed from a qualitative 
perspective, rather than by using quantitative statistical inference, by 
conducting a content analysis of students' responses. 

Procedure 

The analysis of the data and the testing of the null hypotheses involved 
working through the hypotheses, from those that pertained to aggregate 
data to those hypotheses which pertained to data of a more specific or 
sub—aggregate nature. The hypotheses which involved the comparison of 
mean overall achievement scores for males and females, and the 
representation of males and females in particular groups based on 
achievement overall scores, were analysed first. Then the hypotheses 
which pertained to achievement scores on separate curriculum strands, 
individual questions and parts of individual questions were analysed. 
The last stage of the analysis was the content analysis of student responses 
to specific parts or tasks within questions. 

The first four hypotheses, those involving overall achievement scores or 
achievement scores on questions grouped by curriculum strand, were 
tested for all three sub—populations, that is, for Levels One, Two and 
Three. However the continuation of the analysis and the testing of the 
last two hypotheses listed was dependent upon the presence of 
differences, which had been found to be statistically significant, in the 
scores analysed through testing the first four hypotheses. In testing the 
hypothesis pertaining to achievement score differences on groups of 
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questions by curriculum strand, if no statistically significant difference 
was found for a strand, then the analysis of individual questions and 
question parts in that strand was not done. Where statistically significant 
differences were found in groups of questions, by curriculum strand, then 
the questions classified in these strands were analysed further. Moreover, 
only individual questions which were found to have generated 
statistically significant differences were analysed by part, and only 
question parts which yielded further significant differences were subjected 
to a detailed content analysis of student responses. 

This procedure was fundamental to the main objective of the study; to 
ascertain whether statistically significant differences existed in the scores 
analysed and, furthermore, if such differences did exist, was there any 
educational significance underpinning them. The consideration only of 
overall aggregate scores would have eliminated the possibility of 
identifying significant gender differences in specific areas of mathematical 
endeavour, areas which are inherently and fundamentally different - 
different in cognitive complexity, degree of abstractness and in the 
cognitive requirements of students, such as spatial awareness, type of 
patterning and the use of technology. 

Analysis of Data 

Statistical Analysis 

One of the main uses of inferential statistics is in the field of quantitative 
hypothesis testing, where such measures enable a process of objective 
verification of results to be undertaken (Pagano, 1990). Sometimes the 
results of experiments and other research are very clear-cut and do not 
require the use of inferential statistics. However when the results are 
based on the performances of individuals in an educational context, the 
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variability—in the construct or quantity being measured that is inherent 
from one subject to another—usually means that the detection and 
quantification of the effect of one or more independent variables cannot 
be done without the use of inferential statistics (Pagano, 1990). 

Two different statistical tests of significance were used in the analysis of 
the student performance data to test the aforementioned hypotheses. The 
hypotheses pertaining to differences in mean scores were tested using a 
parametric test, the Student's t-Test for independent groups. 
Achievement scores were classified as either male or female and each of 
these groups was considered to be mutually exclusive of the other. The 
probability evaluation of the t values calculated was chosen to be two-
tailed as the results of previous research in the field of gender differences 
in mathematics performance had been so varied. Accordingly, all null 
hypotheses were formulated in a consistent manner indicating no 
difference in the mean scores—component or aggregate—of females and 
males was expected. Given the variations in results that have been found 
in previous studies it would have been methodologically inappropriate 
and educationally unsound to have analysed the CIA results based on a 
presumption that gender differences were likely and, accordingly, to have 
used directional null hypotheses. 

The hypotheses pertaining to proportional representation were tested 
using a non-parametric test, the Chi-square (x2) test. This test essentially 
measured the discrepancy between the observed frequency and the 
expected frequency of male and female scores. For Hypothesis 2, this 
involved the analysis of total scores for males and females in each of the 
three categories into which scores were grouped; namely, the top 10 per 
cent, the middle 80 per cent and the bottom 10 per cent. Achievement 
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scores were recoded to nominal scores and classified as belonging to one 
of these three groups of scores. For Hypothesis 6, the analysis was of 
frequencies of male and female scores in each possible mark range within 
each question part analysed. 

A significance (alpha) level of 0.05 was used in all tests of significance. In 
the absence of a tried and tested formula that prescribes the alpha level to 
be used in such analyses, 0.05 was chosen in consideration of the sizes of 
the groups of scores to be analysed and the desirability of minimising the 
likelihood of making either Type I or Type II errors (Pagano, 1990). The 
lower, or more stringent, the alpha level, the less chance there is of 
making a Type I error in the interpretation of the results of an analysis; 
that is, in rejecting the null hypothesis when it is true. Pagano classified 
alpha levels of 0.05 and 0.01 as being stringent, and as appropriate if one is 
attempting to report a new fact or scientific information. 

However the choice of a stringent alpha level can lead to a Type II error in 
the interpretation of results; the lower the alpha level, the greater the 
chance of retaining the null hypothesis when in fact it is false. This is due 
to the fact that any difference in mean scores, in the case of the t—Test, 
needs to be sufficiently large to enable a statistically significant difference 
in the two means to be inferred when in fact the difference may well be 
clearly evident and well supported by the results of a t—Test using a lower 
alpha level. 

Pagano also states that as the sample size increases so does the power of 
the t—Test. A small difference between large groups could well be 
classified as being statistically significant, whereas the same (small) 
difference between smaller groups would not be statistically significant. 
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This relationship between sample size and power is readily explicated 
with reference to the calculation used to derive the observed, or 
calculated, t value (Pagano, 1990). Since the sizes of the three Year 10 sub—
populations for which achievement scores were analysed were large 
(N=503, 741 and 288 for Levels One, Two and Three respectively), it was 
deemed appropriate to use an alpha level of p = 0.05. 

The StatVieWTMH  software package and a Macintosh LC630 were used to 
perform all statistical calculations. 

Content Analysis 

The content analysis of individual question parts was carried out by firstly 
grouping incorrect responses to specific tasks which were similar and 
then classifying these groups using a five category classification of student 
errors in mathematics, as proposed by Radatz (1979). The categories that 
were used corresponded to errors related to language difficulties, spatial 
visualisation, mastery, association and the use of irrelevant rules. The 
analysis of student errors can provide educators and researchers with 
information on student performance that is simply not available from 
the results of a purely quantitative analysis of achievement scores, be they 
aggregate or component scores. The analysis, and consideration, of the 
diagnostic and causal aspects of students' mathematical errors can 
provide teachers with valuable information which, when combined with 
curriculum content knowledge, can lead, at least someway, towards 
addressing problems, both in individuals and in groups of students, 
rather than simply reporting achievement differentials. 

Students encounter difficulties in mathematics when they are required to 
translate or convert the natural language meaning of words and phrases 
into a mathematical language context. These difficulties would obviously 
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be exacerbated if a student's command of the natural language was not 
adequate. The decoding and processing of diagrammatic and graphical 
information provides some students with difficulties similar to those 
related to information presented in textual form in natural language; in 
effect, another 'language' is used to present the information. Radatz 
(1979) comments that diagrammatic representations can make 
considerable demands on students' spatial abilities and their capacity for 
visual discrimination. Student errors that are related to mastery are most 
often a result of a deficit in the content knowledge required and/or 

information which is problem-specific. Such deficits include ignorance of 
standard algorithms, lack of mastery of basic facts, insufficient knowledge 
of mathematical relationships and symbols, and the use of incorrect 
procedures in applying mathematical techniques. 

Pippig (1977), in Radatz (1979), identified five categories of student errors 
that are due to incorrect associations: errors of perseverance, errors of 
association, errors of interference, errors of assimilation and errors of 
negative transfer. Such errors are thought to be related to a lack of 
flexibility in decoding and encoding mathematical information which 
often leads to "... habitual rigidity of thinking." (Radatz, p167). The fifth 
type of error Radatz identified, the use of irrelevant rules, is often related 
to previous successful experiences in using similar rules or strategies. 
Moreover, Ginsburg (1977), in Radatz (1979), contended that students' 

errors are often based on (incorrect) systematic rules, and are rarely 
random. In addition to these five categories of student errors, Radatz also 
mentions other aspects of information processing or problem solving 
such as "... failure to consider the relevant conditions of a problem (which 
can be linked to association), failure to complete the solution process, the 
loss of intermediate solutions and one-sided use of concepts." (p 170). 
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In line with the approach adopted by Marshall (1983), conservatism 
prevailed in the classification of student errors; if it was not clear into 
which category an error should be classified, the error was put into an 
Unclassified category. As Radatz (1979) acknowledges, "A sharp separation 
of the possible causes of a given error is often quite difficult because there 
is such a close interaction among causes." (p164). 

Reliability and Validity 

Reliability 

The reliability of scores or results pertains to the consistency of the 
methods and conditions under which the results were attained and to the 
extent to which the results are replicable (Wiersma, 1995). Ebel and Frisbie 
(1991) state that reliability is a property of a set of test scores, as opposed to 
being a property of a test, and that the more appropriate a test is to the 
ability levels of the students taking the test the higher the reliability of 
their test scores will be. Furthermore, they contend that as the range of 
achievement scores within a group increases, so does the reliability of 
those scores, and that reliability is influenced by many factors, among 
them the characteristics of the group tested, the test content and the 
conditions under which the testing occurred. Thyne (1974) refers to the 
essence of reliability as being consistency, while Cronbach in Thyne (1974) 
says 'reliability always refers to consistency throughout a series of 
measurements.' (p9). It is obvious that the meaningfulness of any results 
produced and/or conclusions drawn from the analysis of student 
achievement scores is highly dependent on the reliability, or consistency, 
of those scores. Clearly, if it were likely that a group of students would 
produce vastly different results on two parallel, and in many aspects 
identical, achievement tests then the value of the results in supporting or 
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rejecting hypotheses or conjectures on student achievement would be at 

best questionable and, at worst, misleading. 

The issue of the internal reliability of the achievement scores on the 1995 
Mathematics CIAs which were used to describe mathematics performance 

was dealt with both quantitatively and qualitatively. 

There are several methods of determining a quantitative measure or 

description of test score reliability. These include the test-retest, 

equivalent forms estimates procedures and internal analysis methods, as 

outlined in Ebel and Frisbie (1991). Given that the CIAs could only be 
administered but once, and that students sat for only one CIA, the test-

retest and equivalent forms procedures could not have been used in 

estimating achievement score reliability. Of the internal analysis methods 
outlined by Ebel and Frisbie (1991), Cronbach's alpha coefficient, which 
uses the number of separate test questions, the individual question 

variances and the total test variance was used to calculate a reliability 

coefficient for the overall achievement scores derived from each of the 
three CIAs. Cronbach's alpha coefficient ranges in value from zero to one, 
with one being absolute (perfect) reliability. The other two methods, the 
split halves procedure and the Kuder-Richardson formula 20, K-R20, 

were not used as the K-R20 formula is applicable only to tests which 

contain questions which are answered either correct or incorrect, that is, 
there is a dichotomous scoring regime, and the split halves procedure, as 

the name suggests, would have involved using two 'half tests' and then 
using a correction procedure, as detailed in Ebel and Frisbie (1991), to 
predict score reliability for the full length test. Cronbach's alpha, which is 
able to provide a reliability estimate for a measure composed of items 

scored with more than two response options, was preferred because of its 
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direct use of the sub—population statistics and the features of each CIA; 

namely, the variance of individual questions and of the test overall and 

the number of separately scored multi—mark test questions. 

The calculations of score reliability, using Cronbach's alpha, for each of 

the 1995 CIAs were high: r = 0.908 for Level One, r = 0.891 for Level Two 

and r = 0.906 for Level Three. Each calculation is accurate to three decimal 

places. 

The factors that can influence the reliability of a set of test scores can be 

grouped into three broad categories: test—related, which includes test 

length, test content, item characteristics and score variability; examinee—

related, which includes group heterogeneity, student testwiseness and 

student motivation; and administration—related, which includes time 

limits and cheating opportunities (Ebel and Frisbie, 1991). 

The relationship between the length of a test and the reliability of the 

scores derived from that test is a direct one; that is, in general, as test 

length increases, the score reliability will increase (Ebel and Frisbie, 1991). 

However the relationship is not linear. An increase in test length from 

five items to eighty items would produce, in theory, an increase in score 

reliability from 0.2 to 0.8, but an increase in item number to 320 would 

then be required to achieve a score reliability estimate of 0.94 (Ebel and 

Frisbie, 1991). The 1995 CIAs contained between 17 and 20 individually 

scored test items, with each of these items being scored from a minimum 

score of zero up to maximum scores which ranged from three to thirteen. 

The CIAs at all three levels were constructed by separate panels of expert 

teachers of secondary mathematics. All three panels had a common 
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member from the NTDE's Evaluation, Research and Assessment (ERA) 

section, and were required to write questions within specified guidelines 

which pertained to content spread, weightings and variation in degree of 

difficulty. All questions chosen for inclusion in the CIAs had to match 
closely the BACOS, from which teachers constructed their teaching. 

programs, thus enhancing the internal (curriculum) validity of the 

individual questions. Ebel and Frisbie (1991) contend that the greater the 
homogeneity of test content, and the 'more tightly organised (it is), with 
greater interdependence of facts, principles, abilities and achievements' 
(p89), the better the score reliability will be. 

The CIA construction panels were also required to ensure that no more 

than ten per cent of marks were allocated to tasks that were classified as 
representing exclusion points. These points consisted of mostly single 

mark parts of questions which were acknowledged as being at the upper 
bound with regard to level of difficulty and on which only a small 

proportion of students, in the vicinity of two or three per cent, would be 
likely to obtain full marks. Exclusion point tasks were included as part of 
a deliberate strategy to ensure that the assessment instruments would 
discriminate satisfactorily between students achieving in the top decile. 
Ebel and Frisbie (1991) suggested that the ability of a test question to 
discriminate is very much dependent on the 'technical quality of the 

item, the soundness of the idea underlying the item, (and) the clarity of 
its expression' (p90), and that improving the discrimination of separate 
test items is a very effective means of 'improving score reliability and, 
hence, test quality' (p90) as 'the more variable the scores obtained from a 

test, the higher their reliability is likely to be'(p98). 
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Given that the total marks available on individually scored questions on 

the three CIAs ranged from three to thirteen, that carefully constructed 

highly discriminating questions were included in the CIAs, and that there 

was fair representation of questions across the categories of Bloom's 

Taxonomy of Educational Objectives: Cognitive Domain, as outlined by 
Davis and Rimm (1989), the CIAs, as testing instruments, had inherent 

qualities which enhanced the reliability of their resultant and respective 
student achievement scores. 

The conditions under which the CIAs were completed were highly, but 
not totally, uniform. Students were able to apply for special provisions, 
justified by a short- or long-term impairment or a language deficiency, 

which would have enabled an individual student to be allocated a longer 

time, up to a maximum of 20 minutes, in which to complete the relevant 
CIA or to have access to either a reader or a scribe. The total number of 
students for whom the special provision of a reader and scribe were given 
was two. All students were able to use either an English dictionary or a 
bilingual dictionary if required. All mathematical formulae that were 

required to complete the CIAs were supplied on a formula sheet; no 

unnecessary formulae were included on this sheet, thereby preventing 
unnecessary use of time in sifting through formulae and promoting 

efficient use of time by students. 

Although scores obtained from tests administered under highly speeded 
conditions are usually highly reliable, the reliability of the scores is 

spurious, as estimates for both student ability and speed at which students 

can answer is required (Ebel and Frisbie, 1991). Students were required to 
complete the relevant test within two hours, after having had ten 

minutes in which to read the test paper. Each of the tests was constructed, 
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by expert teachers of secondary school mathematics and specialist 
assessment officers, so that a student achieving in the fourth, fifth or sixth 
top deciles throughout their Year 10 Mathematics course, and having 
prepared fully for the test, would have been able to attempt all, and 
complete satisfactorily most, of the relevant test. In essence, the 
completion of the CIAs was not intended to be a test of the speed at which 
a student could work. Notwithstanding this, and in the absence of specific 
data on completion rates, it is acknowledged as reasonable that some 
students would have not completed the relevant CIA in the allotted time. 

The Northern Territory Assessment Program's (NTAP) 1995 Handbook, 
Rules and Regulations Year 10 External Assessment, detailed specific 
instructions for schools (principals and invigilators) to follow in the 
process of administering the CIAs. These instructions covered who had 
which responsibilities, what was to occur prior to and after students had 
completed the CIAs, and what was required of students and invigilators 
during the administration of the tests. While the conditions and 
requirements for supervision were specified in considerable detail, clearly 
the opportunity, however small, would have existed for one or more 
students, either individually or in co-operation, to gain an unfair 
advantage in completing their CIA(s), and thereby artificially reduce the 
true differences between students' scores and consequently, impinge on 
the accuracy of the reliability estimate of the overall scores. School 
principals were required to report all breaches of examination rules to the 
Chief Assessor in the NTDE; no breaches of rules involving cheating 
were reported in 1995. 

Achievement variability of a group of students is largely a function of 
group homogeneity and, therefore, learning experiences, while 
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testwiseness is a function of direct relevant test—taking experience. 
Accordingly, both characteristics are able to be manipulated by virtue of 
enrolment procedures and the design of teachers' learning and 
assessment programs. On the other hand, student motivation, apropos of 
taking external tests or examinations, is a characteristic that is much less 
able to be manipulated or controlled by teachers or exam setters. However 
all three factors are capable of influencing test score reliability, Ebel and 
Frisbie (1991) contending that the 'wider the range of talent in a group is, 
the greater the true score variance will be' (p92). 

Whilst students were placed into one of three more or less homogeneous 
groups or levels, which thereby potentially increased the risk of adversely 
affecting the reliability of the CIA test scores, all students who enrolled for 
the CIA would have had comparable, if not similar, test—taking 
experiences throughout their Year 10 Mathematics courses. The 
Moderation and Assessment Procedures and Instructions for Year 10 
Mathematics Courses 1995 handbook stipulated the parameters, at each of 
the three levels, within which all teachers of Year 10 Mathematics classes 
were to construct their assessment programs. This information detailed 
the proportions of marks, as percentages, of students' final school—based 
marks that were to come from the various components of the assessment 
schedule. 

Table 3 1995 School—based Assessment Guidelines for Year 10 
Mathematics courses in the NT 

Type of Assessment Level One Level Two Level Three 
Tests (including one 40-607c 40-60% 40-60% 

Extended 20-40% 30-50% 30-50% 
Mathematical Tasks 

 

Continuous Assessment 1 0-20% 0-20% 0-20% 

Page 65 



Although it would not be common for any group of students, at any of 
the three levels, to have had extended practice in taking two hour tests 
covering the full range of material in the Year 10 Mathematics courses, all 
students were required to sit a major test covering at least one term's (ten 
weeks) work prior to the administration of the CIAs; in some cases such 
tests were set to cover a semester's (twenty weeks') work. 

The issue of motivation however, is much less clear, in terms of its 
control and the effect it could have possibly had on the reliability of the 
CIA test scores. Students who are not motivated to do their best on a test 
will produce scores which do not represent accurately their actual 
achievement levels (Ebel and Frisbie, 1991). Moreover, they state that 
'indifference, lack of motivation or under enthusiasm ... can depress 
(overall) test scores' (p92). When such influences affect students in a 
group differently it is likely that random errors will influence the test 
scores (Ebel and Frisbie, 1991). The motivation levels of individual 
students who sat for the CIAs were not measured at any time prior to or 
after the administration of the CIAs. Anecdotal evidence, from CIA 
markers and teachers involved in the CIA construction panels suggest 
that students in higher level mathematics courses are, in general, more 
highly motivated than those in lower level courses. 

Validity 

The notion of validity, both internal and external, as it pertains to test 
scores and results is one that has been widely misunderstood and which 
has been used inconsistently in the field of measurement for some time, 
in no small part due to the fact that its meaning has evolved and changed 
over time (Ebel and Frisbie ,1991). As is the case with reliability, validity is 
associated with a set of test scores rather than the test instrument itself. 
Validity is concerned with the meaning of the scores and the ways the 
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scores are used to make decisions: 'Validation is of test scores and their 
use, not of instruments.' (Ebel and Frisbie, 1991, p103). Wiersma (1995) 
refers to internal validity as 'the extent to which the results (of a research 
study) can be interpreted accurately and with confidence' (p6), while 
external validity is 'the extent to which research (or test) results are 
generalisable to (other) populations and/or conditions.' (p8). 

Thyne (1974) identified four main conditions which should be met to 
ensure and maximise the (internal) validity of a set of test scores. They 
are: marking consistency, mark relevance, question relevance and 
balance. Marking consistency is the degree to which marks are awarded so 
that when a set of test questions is remarked the same marks are awarded 
for the same performance. iVhilst similar to inter—rater reliability, it 
pertains more to the marking rubric rather than the actual allocation of 
marks by markers. Mark relevance refers to the extent to which all 
responses given credit are relevant responses and to which all relevant 
responses are given credit. Question relevance pertains to the extent to 
which all the questions set as part of the test are relevant and the extent to 
which all the relevant questions are included on the test. Balance refers to 
the respective weightings which different parts or questions on the test 
contribute to the final aggregate score for the test. 

Ebel and Frisbie (1991) identified three types of evidence which can be 
used to support or justify the validity of a set of test scores: content—
related, criterion—related and construct—related evidence. Content—related 
evidence is concerned with how appropriately the content of the test 
covers the domain of abilities and content knowledge which are being 
measured while the criterion—related evidence is concerned with the 
relationship between the test scores in question and scores on some other 
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measure of relevant abilities, to either determine present standing or to 
predict future performance. The construct—related evidence pertains to 
the overall meaning of the scores and what the scores mean as a 
psychological construct. 

Student CIA scripts were marked by selected experienced teachers of 
secondary school mathematics, under the direction and guidance of 
NTDE Assessment and Research officers. Prior to marking, mark schemes 
and criteria for awarding marks for each question were agreed upon. 
Scripts were marked in batches of 20, with a sample of six papers in every 
batch of 20 cross—marked by the Senior Education Officer (SEO) 
Assessment/Research to ensure that actual mark allocations were 
accurate and consistent; that is, reliable. Throughout the marking exercise 
markers continually discussed, in the presence of the SEO, any 
unforeseen or unusual solutions that had been presented. This process 
ensured that credit for such solutions was allocated based on the 
collective wisdom of a group of subject experts rather than on the opinion 
of one person, and thus enhanced further the consistency of the marking 
process, and subsequently produced a set of scores which could be used 
with a high degree of confidence in drawing conclusions about students 
mathematical achievement, both individually and as members of 
specified groups or sub—populations. 

As has already been detailed, the process employed in the development of 
the CIAs involved a range of experienced and expert people in the fields 
of mathematics teaching and assessment, and was implemented within 
clearly specified guidelines which had wide endorsement and support 
from teachers of secondary school mathematics. This process ensured that 
the conditions of content balance and question relevance were met, 
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notwithstanding the fact that, irrespective of what process is used in the 
construction of an external test or examination, some judgements or 
decisions must be made concerning which of the relevant questions or 
tasks are to be included on the instrument. Clearly it is not logistically 
possible to construct a test that includes all relevant questions. However, 
it is well within the collective ability of a test construction group to 
ensure that all questions included on the test are relevant and 
appropriate, both to the student group which will be doing the test and to 
the curriculum document from which teaching programs for these same 
students are developed. This can be achieved by ensuring the people 
involved in the test construction process are expert in the relevant fields 
and can draw on an extensive range of experiences in making decisions 
about what to include and what to discard. Furthermore, clear and 
detailed guidelines must be available to which test developers can refer in 
making such decisions. 

When the CIA setting panels had completed the construction process, the 
papers were then 'polished by office—based assessment personnel prior to 
being reviewed by the original test construction panel. The draft CIAs 
were then scrutinised by the SEO Assessment/Research, the Principal 
Research Officer and the Principal Education Officer, Mathematics in the 
NTDE before being considered by a separate Evaluation Panel, the 
members of which had had no previous involvement in the process of 
developing the CIAs. The composition of the Evaluation Panel was 
entirely of acknowledged experts in the field of secondary school 
mathematics. The CIAs were then endorsed by the NTDE's Chief Assessor 
and the Deputy Secretary, Curriculum and Assessment. 
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Data collected by the NTDE on scores achieved on previous years' CIAs 
and students' subsequent achievement in senior school (Year 12) 
mathematics courses indicate that the validity of mathematics CIA scores 
can be supported with criterion-based predictive evidence. Two 
unpublished reports by the NTDE, Year 10, Stage I and Stage 2 

Mathematics Tracking (1994), and Analysis of Achievement in 
Mathematics (1996), reported that a clear relationship existed between the 
achievement scores of students in Year 10 Mathematics Level One, of 
which the CIA comprises a 30% weighting, and their subsequent 
achievement in Year 12 publicly examined mathematics courses 
administered by the Senior Secondary Assessment Board of South 
Australia (SSABSA). For example, of the 41 students who achieved an A 
grade in Year 10 Level One Mathematics in 1991-92, 29 achieved an A 
grade and 12 achieved a B grade in 1993-4 respectively in Year 12 publicly 
examined Mathematics 1; of the 82 students who achieved a B grade in 
Year 10 Level One Mathematics in 1991-92, 22 achieved an A grade and 60 
achieved a B grade in 1993-4 respectively in Year 12 publicly examined 
Mathematics 1. 

The validity of the achievement scores on the CIAs is supported further 
by construct-related evidence, the construct being achievement in Year 10 
Mathematics, at Level One, Level Two or Level Three. The close cross-
referencing of all questions on the CIAs to the relevant sections of the 
BACOS, the involvement of experienced teachers of Year 10 Mathematics 
courses in every stage of the test construction process and the marking 
exercise, the use of appropriate (curriculum) content weightings within 
each test, the provision of formula sheets and dictionaries to all students, 
the availability of special provisions to students who legitimately 
required them and the unrestricted use of calculators in completing the 
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CIAs collectively build a cogent case for advocating that 'irrelevant test 
(score) variance' (Ebel and Frisbie, 1991, p109) was minimised. 

Ebel and Frisbie (1991) state, Validity depends on more than the quality 
of the test. The responsibility of the test developer is to be as clear as 
possible about what is being measured ...' (p106). In the interests of 
fairness and equity in preparation for the CIAs, all schools in the NT were 
informed, some 10 weeks prior to the administration of the CIAs, of the 
respective weightings for each curriculum strand in each of the three 
CIAs. The availability of such information ensured that every student 
had maximum and equivalent leverage in preparing for, and sitting, the 
CIAs. The allocation of questions to curriculum strands was ratified by the 
Principal Research Officer in the NTDE, which ensured the internal 
validity of the sub—group scores of achievement by curriculum strand was 
also maximised. 

At the conclusion of marking, all students' scores for individual 
questions were entered into a computerised database from where they 
were used to calculate aggregate scores and to carry out statistical analyses. 
Prior to the execution of any analyses, the scores that had been entered 
were subjected to a verification process. This consisted of an 
administrative officer checking carefully the marks for individual 
questions on the front covers of students' CIA script booklets against 
those entered on the computerised database. A different officer to that 
used for data input carried out the verification check for each batch of 
scripts. 

Although the questions on the CIAs were set from the BACOS, they 
conformed with mathematical concepts and content which are taught 
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Australia—wide in junior secondary mathematics programs. Therefore 
the generalisability of the study results would be appropriate for 
education systems which have Year 10 course or curriculum statements 
which are comparable to that used in the NT and have some form of 
external assessment of mathematical achievement near, or at, the end of 
Year 10. 
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Results 

The first six hypotheses were tested quantitatively using students' results 
from each of the three CIAs. The results of each test, for each of the three 
levels, are presented below in numerical order of the hypothesis number. 
The seventh hypothesis was tested through a content analysis of students' 
errors in responses to tasks on the CIAs. 

Hypothesis 1 
There was no statistically significant difference in the mean overall 
achievement scores of males and females. 

There was no statistically significant difference (P[critical]  0.05) between 
the overall achievement scores of males and females on either the Level 
One or the Level Two CIAs. However, a highly significant difference (p = 

0.006) was found to exist on the Level Three CIA. Therefore the null 
hypothesis was retained for both the Level One and Level Two sub—
populations but rejected for the Level Three sub—population. 

Table 4 Summary Statistics, by Level, for Female and Male Overall 
Achievement Scores on the 1995 CIAs  

Count Mean Standard Unpaired Prob 
Score/100 Deviation I Value (two tail) .............................................................................................................. . ........................................................ 

Level One Female 1 279 50.75 19.17 1.485 0.138 
Male 224 53.18 17.05  

Level Two Female 363 48.84 17.04 0.011 0.991 
Male 378 48.85 17.45 

Level Three Female 138 484 144 2752 0 0O 
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Hypothesis 2 

Males and females were represented proportionally, apropos of their 

representation in enrolments in each CIA, in the top and bottom deciles 

of overall achievement scores. 

The representation of females and males, as determined using a Chi—

square (x2) test  (Picritical] = 0.05), in the top and bottom deciles of 

achievement scores was not statistically significantly different from the 

representation of males and females in either of the Level One or Level 

Two sub—populations. The observed frequencies in each of the three 

groups—the top and bottom deciles and the combined eight intermediate 

deciles—at both of these levels, were very similar to the expected 

frequencies of representation. In Level One, where the ratio of males to 

females was approximately 0.8, males were under—represented in the top 

and bottom deciles (0.61 and 0.63 respectively) .and over—represented 

slightly (0.85) in the middle eight deciles. In Level Two the ratio of males 

to females was approximately 1.04, with males being slightly over—

represented in the top and bottom deciles (1.1 and 1.15 respectively) and 

under—represented (1.02) by a very small margin in the combined middle 

eight deciles. 

However, in Level Three, a difference of statistical significance was found. 

While the observed frequencies in the bottom decile and the next eight 

combined deciles were comparable in size to the expected frequencies, 

there was a considerable discrepancy between the observed and expected 

frequencies of male and female representation in the top decile of overall 

achievement scores. The expected ratio of males to females in the top 

decile of scores was slightly greater than one (1.09, rounded to two 

decimal places). However the observed ratio of males to females in this 
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decile of scores was approximately 3.8 (3.83), indicating that almost four 
times as many boys achieved scores in the top decile as did girls (23 to 6). 
Accordingly, the null hypothesis was retained for Levels One and Two 
and rejected for Level Three. 

Table 5 Observed and Expected Frequencies, by Level, of Males and 
Females in the Top and Bottom Deciles of Achievement Scores 

Level One Level Two Level Three 
Observed ExpectedObsenred Expected Observed .Expected 
M FMF --------------- FMF 

Middle 80% 186218 1793 i 224A 301 295 304 292i0 114 J116 119.8 110.2 
Bottom 10% 19 30 21.8 27.2 38 33 36.2 34.8 13 16 15.1 13.9 
Prob(calc) p =0388 p=085 p=0.007 

All Expected figures have been rounded to one decimal place. 

Hypothesis 3 

There was no statistically significant difference in the mean achievement 
scores of males and females who achieved in the top or bottom deciles of 
overall achievement scores. 

There was no statistically significant difference, at any of the three levels, 
in the mean overall achievement scores of females and males in the top 
and bottom deciles of overall achievement scores (Table 6). Therefore the 
null hypothesis was retained for all three sub—populations. 
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Table 6 Summary Statistics, by Level and Gender, for Overall 
Achievement Scores in the Top and Bottom Deciles 

Level One CIA decile 

Count Mean Stand. Dev t Value Prob (2-tail) 
Female  31 85.55 6.259 0.966 0.339 
Male  19 83.76 6.475 

 

Level One CIA: Bottom Decile 
 

Count Mean Stand. Dev t Value Prob (2-tail) 
Female 30 2203 

Male 19 23.21 4.791 

Level Two CIA: pee 
.._.. ............- 

Count  --------------- Mean Stand. Dev tt  Value  j Prob (2-tail) 
Female 35 76.9 4.765 0.938 0.3514 

- .............. 

Level Two CIA: Bottom Decile 
 

Count Mean Stand. Dev tValue Prob (2-tail) 
Female 33 19.27 i 4446 0.828 0.41 
Male 38 18.33 5.067 

Level Thee CIA: Tdecil 

Count Mean Stand. Dev t Value 
. ... 

Prob (2-tail) 
Female 6 73.8 

.-.---.----*.--------.-- 

2.401 1.292 0.207 
Male 23 77 5.809 

_ ________ 

Level Three CIA: Bottom Decile 

Count Mean Stand. Dev tValue Prob (2-tail) 
Female 16 21.78 6.393 0.254 0.801 
Male 13 22.39 6.295 
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Hypothesis 4 
There was no statistically significant difference in the mean achievement 
scores of males and females on each of the six sub-groups of questions 
classified by curriculum strand. 

Level One 

Of the six curriculum strands for which comparative analyses were done, 
two showed that there were statistically significant differences between 
the achievement scores of males and females: Number and 
Measurement. No differences of statistical significance were found 
between male and female mean achievement scores in the Pattern, Order 
and Algebra, Functions and Graphs, Geometry, and Probability & Statistics 
strands. In light of this, the null hypothesis was rejected, as statistically 
different performances in achievement were found to exist in at least one 
curriculum strand. 

As is evident from the figures in Table 7, the difference between the 
performance of females and males in the Number strand was, statistically, 
larger than the difference between the two groups in the Measurement 
strand. This suggests that the differences between gender groups in the 
Number strand are more likely to actually exist—rather than being the 
result of variations due to random effects—than are those that are 
indicated in the Measurement strand. 
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Table 7 Summary Statistics, by Curriculum Strand and Gender, for 
the Level One CIA 

Curriculum Strand Female(N=279) Male(N=224) 
Order and ebra(1 Mean 629 6.63 

St.Dev 4.93 ---------------- 4.61 
t-Value 0.393 
Prob (2-tail) 0.694 

Nuniber(20) Mean 10.11 11.36 
St.Dev 3.8 3.6 
t-Value 3.747 
Prob (2-tail) 0.0002 

Measurement(19)  Mean 10.15 10.87 

____ t-Value 2.089 
Prob (2-tail) 0037 
Mean 622  6.42 

St.Dev  4.08 3.71 
t-Value  0.549 
Prob (2-tail) 0.583 

Functions hs(15)_ Mean . 9.87 . 9:89 
St.Dev 3.41 3.45  

t-Value 0.051 
Prob (2-tail) 0.96 

Probability and Statistics(13) Mean .. . 7.61 ----------------------------- 8.03 
St.Dev 2.48 2.55 
t-Value 1.87  

Prob (2-tail) 0.062 

Level Two 

The comparative analysis of mean achievement scores for males and 

females on the Level Two CIA (Table 8) showed that the differences on 

each of the six different curriculum strands were not statistically 

significant. Males achieved a higher mean score on the Measurement, 

Geometry and Functions and Graphs strands, while females scored higher 
on Pattern, Order and Algebra, Number, and Probability and Statistics. 
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The approximate percentage differences between the mean scores on each 
curriculum strand for males and females were: Pattern, Order and 
Algebra—i%, in favour of (females); Number—i .7% (females); 
Measurement—i .3% (males); Geometry—i .7% (males); Functions and 
Graphs-1.6% (males); and Probability and Statistics-2.3% (females). 

Given the absence of statistically significant differences in the 
achievement scores of males and females on individual curriculum 
strands, no further analysis of either individual questions or parts of 
questions on the Level Two CIA was carried out. The continuation of the 
analysis by question, in the absence of statistically significant data by 
strand, was deemed to be unwarranted. On any test or examination paper, 
it would be reasonable to expect some questions to favour one group and 
some to favour the other, in terms of the mean scores each group 
achieved. Accordingly, and in light of the results of this analysis, the null 
hypothesis was retained for this sub—population, indicating that the 
achievement scores of males and females on all six strands were 
statistically equivalent, given the confidence level used in the probability 
evaluations. 

Level Three 

In Level Three, the analysis revealed (Table 9) that four curriculum 
strands yielded statistically significant differences between the mean 
scores of females and males. These strands were, in order of decreasing 
magnitude of the statistical difference, Measurement, Functions and 
Graphs, Geometry and Number. Mean achievement scores in Pattern, 
Order and Algebra and Probability and Statistics were statistically 
equivalent. However it should be noted that the p value calculated for the 
Probability and Statistics strand was 0.0509, exceeding the stated level of 
significance by just 0.0009. Since a statistically significant difference was 

Page 79 



Table 8 Summary Statistics, by Curriculum Strand and Gender, for the 
Level Two CIA 

Curriculum Strand Female(N=363) Male(N=378) 

Pattern,  Mean 454 : 4.39 
St.Dev 2.80 . 2.93 

_ _______ 
t-Value 0.753 

Prob (2-tail) 0.4514 

Number(24) Mean  15.49 J'! 
_________ ______ 

St.Dev 4.71 4.96 

_ _____ 
t-Value 1.145 

Prob (2-tail) 0.2527 
Measurement(18) Mean 7.74 7.98 

St.Dev 4.74 4.77 

t-Value  0.692 

Prob (2-tail) 0.489 4 
Mn_ 824 ------------ . 

8.57 
 

St.Dev 3.85 3.86 

t-Value 1.141 

Prob (2-tail) 0.254 

Mean 635 6.59  

St.Dev 3.07 3.12 
t-Value 1.086 

Prob (2-tail) 0.2779 
Probabilfty and Statistics(10) Mean 

St.Dev 1.89 2.00 
t-Value 1.632  

Prob (2-tail) 0.103 

found in the achievement scores of females and males in at least one 
curriculum strand, the null hypothesis was rejected. 

As can be seen from the p values calculated for each strand (Table 9), the 
difference in scores on the Measurement strand was far and away the 
most statistically significant, followed by the differences on Functions and 
Graphs, Geometry and Number. The approximate percentage differences 
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in the mean scores of males and females for these four strands were 7.1%, 

3.3%, 5.4% and 5.3% respectively, all in favour of males. The approximate 

percentage differences, both in favour of males, in the mean scores for the 

remaining two strands were: Probability and Statistics-5.1%; and Pattern, 
Order and Algebra-1%. 

Table 9 Summary Statistics, by Curriculum Strand and Gender, for the 
Level Three CIA  

Curriculum Strand Female(N=138) Male(N=150) 
Mean 676 6.59  
St.Dev 2.494 2.519 ...-.-. 

t-Value 0.047 

Prob (2-tail) 0.9625 
Number(26) Mean 12.917 1429 

St.Dev . 4.634 5.239 
t-Value 2.34 

Prob(2-tail) 0.0195 
Measurement(21) Mean 9.207 10.7 

St.Dev 3.372 4.078 
t-Value 3.371 

Prob(2-tail) 0.0009 

St.Dev 2.913 3.344 

t-Value 2.462 

Prob(2-tail) 0.0144 
Functions and  5.905 .S!5L .......... .. 

St.Dev 1.564 1.571 

_ 
t-Value 2.642 

Prob(2-tail)
Probabi 

0.0087 
li and iics(14) Mean .7' 

.. 

t-Value 1.961 

--------------------- Prob (2-tail) 0.0509 
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Hypothesis 5 

There was no statistically significant difference in the mean scores of 

males and females on individual questions from curriculum strands on 

which statistically significant differences were found. 

Level One 

The Level One CIA comprised seventeen questions, of which seven were 

from the Number (three) and Measurement (four) strands—the two 

strands which exhibited statistically significant differences between the 

achievement scores of females and males. [Only questions from 

curriculum strands in which statistically significant gender differences 

were found were analysed further to ascertain which question(s), if any, 

had contributed most to these differences.] Of these seven questions, three 
showed that males and females performed significantly differently. They 

were Questions I and 4 from Section A and Question 14 from Section B. 

All three questions were from the Number curriculum strand and, in 

each instance, the difference was in favour of males over females. 

Although the Measurement strand showed a statistically significant 

difference overall in the performance of males and females, this 

difference was not apparent on any of the four individual questions from 

the strand. However on each of these four Measurement strand 

questions, males achieved a higher mean score than did females, 

resulting in these differences in achievement scores compounding when 

aggregated to produce a statistically significant difference between the two 

groups for the whole strand. 
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Table 10 Summary Statistics for Questions on the Level One CIA from 
Curriculum Strands in which Statistically Significant 
Differences, by Gender, were found 

Question Number Female Male 
Question 1 (Number/7) Mean 422 4.83  

St.Dev 1.63 1.48 
t-Value 4.314 

Prob (2-tail) 0.0001 
Question 3 (MeasurementJ5) Mean 3.47 3.6 

_ 
St.Dev L0_ 1.24 2  

t-Value 1.201 

Prob (2-tail) 0.230 
Question 4 (Numberl7) Mean 3.36 3.67 

_____ 
St.Dev 1.69 1.74 

t-Value 1.994 ----------------- 
Prob (2-tail)  

St.Dev 1.49 1.33  

____ t-Value 1.843 

Prob (2-tail) 0.066 
Question 12 (Measurement/4) Mean 1.46 1.64 

St.Dev 1.41 1.29 
t-Value 1.427  

Prob (2-tail) 0.154 
Question 14 (Number/6) Mean 2.52 2.86  

St.Dev 1.55 1.59 
t-Value 2.389  

Prob (2-tail) 0.017 
Question 17 (Measurement/5) Mean 1.36 1.54  

St.Dev 1.38 1.35 

t-Value 1.473 

Prob (2-tail) 0.141 
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Level Two 

In the absence of any statistically significant differences by curriculum 
strand between the achievement scores of males and females, no analysis 
of individual questions was conducted. 

Level Three 

The Level Three CIA comprised twenty questions. As in Level One, the 
analysis of individual questions was restricted to those from the (four) 
curriculum strands in which a statistically significant gender—based 
achievement score difference was fourEd. Eight questions from these 
strands showed that females and males achieved scores that were 
statistically significantly different (Table 11). These differences occurred on 
Questions 1-4 and Question 7 in Section A and Questions 12, 18 and 19 in 
Section B. Questions 1, 3 and 18 were from the Number strand, Questions 
2, 4 and 12 were from the Measurement strand, Question 7 was from the 
Geometry strand and Question 19 was from the Functions and Graphs 
strand. A feature of interest in this analysis was that Measurement (three 
out of five questions) and Number (three out of four questions) both had 
the same number of questions which showed statistically significant 
differences, but as whole sub—groups of questions, Measurement showed, 
by far, the largest statistically significant difference between males and 
females while the Number strand showed the smallest significant 
difference between the two groups. On each of the eight questions—from 
all four curriculum strands—where statistically significant differences 
were found to exist, the difference was in favour of males over females. 
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Table 11 Summary Statistics for Questions on the Level Three CIA from 
Curriculum Strands in which Statistically Significant 
Differences, by Gender, were found 

Question Number Female(138) Male(150) J 
Question 1 (Number/8) Mean 4.69 5.22  

..................... 

2.501..... 
777d 

Prob (2-tail) 0.013 

Question 2Measurem. Mean 

St.Dev 0.978 0.941 

t-Value 3.105 

• Prob (2-tail) 0.002 

Question_3 (Number/5) Mean 1.95 2.29 

St.Dev 130 1.38 

t-Value 2.11 

Prob (2-tail) 0.032 

• Question Measuremen5) Mean_ 22 3.16 
------------------ 

St.Dev 1.28 : 1.25 

t-Value 3.65 

Prob (2-tail) 0.0003 

Question 5 (Measurement/4) Mean  1.93 2.13 

St.Dev : 

1.07 1.10
-------------- 

t-Value 1.527 

Prob (2-tail) 0.128 

Question 6 (Measurement/7) Mean 1.78 2.01 

St.Dev 
------------- 

1.22 1.54 

t-Value 1.447  

Prob (2-tail) . 0.149 
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:Question 7(GeometryI9) 
_ ___ _______ 

St.Dev  1.82 ------------  . 1.95 

t-Value_____ 2.469 

Prob (2-tail) 0.014 

•
Question 

!LL___ . . 

St.Dev 1.21 . 1.26  

!:Y 
Prob (2-tail) 0.226 

.... 
St.Dev 0.90 1.15 

t-Value 1.519 

Prob (2-tail) 0.13 

Question 12 (MeasurementJ5) Mean 2.88 3.4 

St.Dev 1.30  . 1.44  

t-Value  3.19 

Prob (2-tail) 0.0016 

Question 13 (Numberl5) Mean  2.90 2.81 

t-Value 0.989  

Prob (2-tail) 0.324 

Question 16 (Functions/4) Mean 2.69 2.87 

St.Dev 0.92 0.86 

t-Value 1.762 

Prob (2-tail) 0.079 
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Question 18 (Number/4) Mean 1.85 2.1 

St.Dev 1.02 1.06 

Hypothesis 6 

There was no statistically significant difference in the proportional 
distributions of scores for males and females on separate question parts of 
individual questions where statistically significant differences were 
found. 

The analysis of the proportional distributions of males' and females' 
scores (by part) on questions for which statistically significant differences 
between the scores of females and males were found was carried out in an 
effort to determine, on a micro-scale, which specific tasks, if any, 
contributed most to the achievement differential between females and 
males. 

Level One 

In Level One, this analysis was done on the results of a random sample of 
80 students from the Level One sub-population. Table 12 compares the 
Level One sample and sub-population mean scores and standard 
deviations for questions on which statistically significant differences 
between males and females were found. 
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Table 12 Mean Scores for the Level One Sub-population and Sample for 
Questions which showed Statistically Significant Differences by 
Gender 

Question Sample Mean Sample Sub-population Sub-population 

Stand. Dev Mean Stand. Dev 

QI Number /7 4.4 1.5 1 4.5 1.6 

Q4 Number /7 3.4 1.6 3.5 1.7 

Q 14 Number /6 2.8 1.5 2.7 1.6 

The analyses of Question I and Question 14, by part, (Table 13) revealed 
no statistically significant differences by gender on any part of either 
question. Question 1 was the first question on the CIA and comprised six 
separate one and two mark tasks from the Number strand. Question 14 
was a Section B question and comprised five separate, but related, tasks 
which focused on the relationship between two variables which modelled 
the relationship between the radius and area of a circle, although this was 
not stated explicitly in the question. 

Of the four separate tasks which comprised Question 4 on the Level One 
CIA, only one (part 4v) indicated a difference in the proportional 
distribution of scores for males and females that was statistically 
significant, again in favour of males. This task required students to match 
a textual description of an exponential growth model with a graphical 
representation of the model, and then to answer an interpretable question 
relating to the rate of growth. This part of Question 4 was worth two 
marks, with males achieving a mean score (0.923/2) almost double that 
achieved by females (0.463/2). A Chi-square analysis of the distribution of 
marks for Question part 4v (Table 13) showed that the observed frequency 
with which males scored zero was 41% below the expected frequency, and 
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that the observed frequencies for males who scored one or two marks 

were 22% and 60%, respectively, above the expected frequencies. 

Table 13 Summary Statistics for Individual Questions (by part) on the 
Level One CIA for which Statistically Significant Differences, by 
Gender, were found 

Level 1 
_____ _____ 

Observed Value ped Value  

Question I Mark Total Prob 
Part Strand Alloc. Male Female Male Female Chi value 

Square a = 0.05 
ii Number 0 4 4 3.9 4.1 

_____ ______ 

1 35 37 35.1 36.9 0.006 0.941 
lii 0 25 i 26 24.862 26.138 

0.5 1 1 1 0.975 1.025 0.007 0.997 

1 1  13 14 13.163 13.837  

•0 7 1 8 7.312  7.688 

.. 2.05 

1 2 2 1.95 2.05 4.647 0.326 
1.5 5 1 2.925 3.075 

____ 
 

2 22 29 24.862 26.138  

liv 0 14 20 16.575 17.425  

1 23 19 20.475 21.525  

lv 0 3 5 3.9 4.1  

0.5 1 0 0.488 0.512 1.465 0.481 
1 35 1 36 34.612 36.388  

lvi 0 31 30 29.737 31.263  

.-...-.--.--.-- 
0.5 2 
. 

4 2.925 3.075 0.71 0.701 
1 6 

t .---------- 
7 6.338 
. 

6.662 
--.  . 

Number 0 l37 9.75 1025 

72.81870.093 
1  26 34 29.25 30.75 

4ii 0 8 9 8.288 8.712  

1 31 32 30.712 32.287 0.025 0.875 
: 4". 0 26 1 25 2462 26.138 

2 5 3.412 3.588 1.256  4 .  
2 11 11 10.725 11.275  
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4i v 18 18 17.55 18.45  

1 21 23 21.45 22.55 0.041 0.840 
4v 0 10 1 24 16.575 17.425 

22 1 15 18038 18962 9823 0007 
2 7 2 4.387 4.613  1 

Number 
V 7 1 2 4.387 4.613 

0.5 0 1 0.488 0.512  

I 5 4 4.387 4.613 4.814 0.307 
1.5 3 5 3.9 4.1  

2 24 29 25.837 27.163  

14ii i 0 1 20 20 19.5 20.5  

_______ 1 19 20 19.013 19.987 0.976 0.614 

2 0 1 0.488 0.512  

14iii 0 20 24 21.45 22.55  

0.5 1 0 0.488 0.512 1.343 0.511 
1 18 17 17.062 17.938  

14iv 0 27 35 30.225 31.775  

1 12 6 8.775 9.225 2.984 0.084 
14v .. 35 1 ±L 

0.5 1 0 0488 0.512 4.426 009 
1 3 0 1.462 1.538  

Level Two 

No analysis by question part was done for Level Two as no curriculum 
strand was identified as showing a statistically significant difference in the 
achievement scores of females and males and, therefore, no analysis of 
individual questions was conducted. 

Level Three 

The analysis of questions by part in Level Three was based on a random 
sample of 60 students from the Level Three sub-population. Table 14 
compares the Level Three sample and sub-population mean scores and 
standard deviations for questions on which statistically significant 
differences between males and females were found. 
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Table 14 Mean Scores for the Level Three CIA Sub-Population and 
Sample for Questions which showed Statistically Significant 

_ 
Differences by Gender 

 

Question Sample Mean Sample Sub-population Sub-population 

Stand. Dev. Mean Stand. Dev. 

QlNumber/8 4.9 1.6 5.0 1.8 

Q2Measurement/4 1.6 1.0 1.7 1.0 

Q3NuniberI5 1.9 1.2 2.1 1.3 

Q 4 Measurement /5 3.0 1.3 2.9 1.3 

3.3 14 [4 1.9 

Q12 Measurement 3.0 1.4 3.2 1.4 

Q 19 Functions and 2.9 1.1 2.9 1.0 

Graphs /5 

The only question analysed which showed a statistically significant 
difference by part between males and females was Question 1. The part by 
part analysis (Table 15) revealed that only one (part lii) of the seven parts 
which comprised Question I showed a statistically significant difference 
in the proportional distribution of scores for males and females, once 

again in favour of males. This part was a multiple choice question worth 

one mark and required students to round an amount of money, in dollars 
and cents, to the nearest dollar. A Chi-square analysis showed that fewer 
males than expected answered this part incorrectly (9 observed compared 
with 12.95 expected—approximately 30% less than expected) while more 
males answered this part correctly than would have been expected to (28 

observed compared with 24.05 expected—approximately 16% more than 

expected). 
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Table 15 Summary Statistics for Individual Questions (by parts) on the 
Level Three CIA for which Statistically Significant Differences, 
by Gender, were found 

Level 3 Observed Expected 
Question Strand Mark I Male Female Male Female Total 

Alloc. Chi P value 

Square a = 0.05 
1 1 Number 0 7 6 8.017 4.983  

i 30 17 28.983 18.017 0.429 0.512 
lii 

____ 
0 9 12 12.95 8.05  

1 28 11 24.05 14.95 4.835 0028 
liii 0 

-t 
i 9 7 9.867 6.133 

-- J_ 
I 28 15 26.517 16.483  

liv 0 1 10 11 12.95 8.05 
1 1 27 12 24.05 14.95 2.697 0.101 

Iv 0 8 7 9.25 5.75 

11 6 10.483 6.517 0.588 0.745 
2 18 10 17.267 10.733  

lvi  0 30 20 30.833 19.167  

1 7 3 6.167 3.833 0.353 0.553 
lvii : 0 8 7 9.25 5.75  

1 29 16 27.75 17.25 0.588 0443 
2i Meas 0 9 4 8.017 4.983  

1 28 19 28.983 18.017 0.402 0.526 
2ii 0 15 14 17.883 11.117 

1 22 9 1 19.117 11.883 1 2.347 0.126 
2iii 

_ 
0 30 21 31.45 19.55  

0 2 1 1.85 1.15 1.398 0.497 
1 1 5  1  1 3.7 2.3  

......... ....... !L. J2.:!9L .. 
4 

1 5 5 6.167 3.833 0.691 0.406 
31 Number. 0 23 16 24.05 14.95 

1 14 7 12.95 8.05 0.342 0.559 
3ii 0 20 11 19.117 11.883  

I 17 12 17.883  1 11.117  0.220 0.639 
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3iii 0 15 11 16.033 9.967  

1 22 12 20.967 13.033 0.307 0.580 
3iv 0 24 12 22.2 13.8  

1 7 9 9.867 6.133 3.155 0207 
2 6 2 4.933 3.067  

4i Meas i 0 6 1 4 6.167 3.833  

1 31 1 19 30.833 19.167 0.014 0.906 
4ii 0 33 1  19 32.067 19.933  

1 4 4.933 3.067 0.532 0.466 1 1 4 

. Ii........ 
1 33 17 30.833 19.167 2.383 0.123 

41v 0 13 8 12.95 8.05  

1 1 24 15 24.05 14.95 0.001 0.978 

................................. 

1 23 11 20.967 13.033 1.187 0276 
Geom 0 24 

I 
11 2583 13417 

_ 

1 9 1 10 11.717 7.283 2.413 0299 
2 4 2 3.7 2.3  

7ii 0 10 1 8 11.1 6.9 
1 27 15 25.9 16.1 0.406 0.5224 
0 6 3 5.55 3.45  

20 31.45 19.55 0.112 0.738 
7iv 0 14 8 13.567 8.433 

0751 
2 16 12 17.267 10.733  

7v 032 1 23 2217 21.083__ 
1 5 1 0 3.083 1.917 3.391 0.066 

7V.. .0  ....... 1..77............................................ 
0.5 1 0 0.617 0.383 

.. 

55 345 882 ••0; 
1.5 3 0 1.85 1.15 
2 19 9 17.267 10.733  

12i . Meas 0 5 1 3.7 2.3 
1 32 22 333 207 1 324 0250 
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1ii 0 ••1 1 9 12.333 7.667  

1 26 14 24.667 15.333 0.564 0.453 
12iii 0 9 4 8.017 4.983  

05 1 0 0.617 0383 1.108 0575 

1 27 19 28.367 17.633  

12iv 0 16 
..--- 

16 19.733 
.------.-- 

12.267  
_ 

0.5 0 1 0.617 0.383  

1 7 4 6.783 4.217 8.137 0.087 

2 0 1.233 0.767  

2 12 2 8.633 5.367  

18i Number 0 10 7 10.483 6.517  

0.5 2 1 1.85 1.15 0.102 0.951 

1 25 15 24.667 15.333  

18ii 0 5 4 5.55 3.45  

1 32 19 31.45 19.55 0.167 0.683 
18iii 0 30 18 29.6 18.4 

___ ____ 

1 7 5 7.4 4.6 0.071 0.791 
18iv 0 26 18 27.133 16.867 

11 5 9.867 6.133 0463 0.496 
19i Funct 0 1 0 0.617 0.383 

36 
---------------------- 

23 36.383 22.617 0.632 0.427 
19ii 0 20 13 20.35 12.65 

17 10 16.65 10.35 0.035 0.852 

056 5 6.783 4.217 0.441 0.802 

19 10 17.833 11.117  

19iv 0 7 5 7.4 4.6  
- - 

1 30 18 29.6 18.4 0.071 0.791 
19v 0 33 22 33.917 21.083 

0.5 i 1 0 0.617 0.383 0.987 0.611 
1 3 1 2.467 1.533  
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Content Analysis 

Level One 

Question 4v (Figure 1) was the only individual question part analysed 
which showed a statistically significant difference in the performances of 
males and females. This task comprised two related parts: the first part, 
which was multiple choice, required students to match a textual 
description of exponential growth with one of four sketch graphs 
depicting different types of growth, while the second part was free-
response and required students to interpret the rate of growth, as an 
inverse operation, over a period of time. 

The correct response to the first part was Option B. However students 
who chose Option A were also marked as correct; it was agreed, by the 
markers of the Level One CIA, that the Option B sketch could have been 
misleading in that it, correctly, cut the vertical axis above zero. However 
as no scale was marked on this axis, some students may have thought 
that the distance from the origin was too great in Option B to represent 
the correct number (one) and therefore may have chosen Option A as 
their preferred option. 

The content analysis of the chosen sample of student responses indicated 
that almost 72% of males answered part 4v(a) correctly while less than 
32% of females were able to do so. Almost all of this difference in 
response choice was accounted for by the selection of one of the three 
distractors ; more than 51% of females, but only slightly more than 20% of 
males, chose Option C, a sketch graph representing linear increase. Option 
D was chosen by males and females in comparable proportions (Table 16). 
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11.00 11.00 

Number 
of 

bacteria 

12 noon 12 noon 

Number 
of 

bacteria 

Figure 1 Question 4v Level 1 Mathematics CIA 1995 
At 11.00 ani, one bacterium was placed in a test tube. At 11.01 there were two 
bacteria, at 11.02 there were four, and so on, with the number of bacteria 
doubling every minute until 12 noon, at which time the test tube was full. 

(a) Which of these graphs best represents this situation? 

A Fe- 

Number 
of 

bacteria 

Number 
of 

bacteria 

11.00 12 noon 11.00 12 noon 

(b) At 11.59 am, what fraction of the test tube was filled with bacteria? 
[2 marks] 

Question 4v(a) was one of four multiple choice questions on the Level 

One CIA, with two of the other three multiple choice tasks also coming 

from Question 4. Whilst the gender difference on Question 4v was 
statistically highly significant (pcalc = 0.007), the differences on the other 
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two multiple choice parts in this question were not statistically 
significant; Part 4i required students to demonstrate an understanding of 
index laws and 4iv required students to match an exponential equation 
and its equivalent logarithmic form. 

Whilst the results for this individual task, 4v(a), in terms of the relative 
success rates of females and males, are consistent with the findings in the 
published literature relating to multiple choice questions , one should 
adopt caution in drawing a categorical conclusion on the results of this 
one task (Table 16). Individual analyses would need to be conducted on 
each of the multiple choice question parts on the Level One CIA in order 
to ascertain with greater confidence the extent of the gender difference on 
such tasks on this assessment instrument. 

Part (b) of Question 4v, which was included on the CIA as an exclusion 
point—that is, it was a task which fewer than five per cent of candidates 
were expected to answer correctly—was also answered correctly by a 
considerably greater proportion (almost twice as many) of males than 
females. Slightly more than 25% of males answered this part correctly 
compared with 14.6% of females, while 29% of females did not answer 
this question compared with 23% of males. The proportions of males and 
females who actually attempted part 4v(b) but answered it incorrectly 
were also comparable in magnitude (51.3% and 56.1% respectively). 

Further analysis of the incorrect responses by females and males showed 
that particular types of incorrect responses were given in similar 
proportions by students from both groups. Incorrect responses provided 

59 were categorised into one of two groups: 60 , or its equivalent, and 

Unclassified. 

Page 97 



Table 16 Student Response Statistics for Question Part 4v on the Level 
OneCIA 

- 

Student Response Details Male Female 

Part  !ileC!!ic! 
... 

.. 

* * 

28 13 : B  71.8% 
41 31.7% 

8 21 20.5% 
41 51.2% 

12.2% D 
_ 

4.9% No Response 39 0  % 
41 

Part v(b)FreeResponse  
10 6 

Correct Answer 39 25.6% 
41 

14.6% 
_ .. .. 

--------------- No Response 23.1% 
41 29.3% 

20 V  VV V  23 
Incorrect Response 39 51.3% 

41 56.1% 

Incorrect responses for Part v(b), 
as a percentage of total incorrect responses for each gender group. 

Response Male Female 
59 118 11 14 or 

Unclassified Responses: 45% 39% 

* Both A and B were accepted as correct because of a potentially misleading feature 
in the sketch graph of the correct option, Option B. 

Level Three 

Only one individual question part on the Level Three CIA yielded 
statistically significant differences between the performances of females 
and males. Accordingly, the content analysis of the sample student 
responses was restricted to this task - Question lii. 
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Question lii (Figure 2), a multiple choice question from the Number 
strand, required students to select the most accurate answer to a simple 
problem of rounding an amount of money to the nearest dollar. 

Figure 2 Question lii Level 3 Mathematics CIA 1995 
$7545 rounded to the nearest dollar is: 

A. $75 B. $75•40 

C. $7550 D. $76 
[1 mark] 

Almost 76% of male students in the sample selected the correct (answer) 
option while slightly less than 48% of females in the sample did likewise 
(Table 17). Whilst no student chose Option B (rounding down to the next 
multiple of ten cents), there were sizeable differences in the response rates 
of females and males who chose Options C and D. Proportionally, only 
three males selected Option C for every five females who did likewise 
(19% of males compared to 30% of females). However response rates 
involving Option D provided the most stark contrast between the two 
groups; almost 22% of females chose Option D while only 5.4% of males 
did likewise. 

Table 17 Student Response Statistics for Question lii on the Level Three 
GA 

Male Fernale 
28  11  

A (correct) 75.7% 47.83% 

J

23 

18.9% 
23 

30.43% 

D 5.4% 
23  

21.74% 
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Discussion 

This chapter expands upon the statement of results in the previous 

chapter and, where possible, provides additional interpretation and 

explanation of these results. 

Reliability and Validity 

Ebel and Frisbie (1991) describe the reliability coefficient for a set of test 

scores as an indicator of the amount of error associated with the scores 

and, as such, is vitally important in evaluating the meaningfulness and 
the practical significance of any differences between different test takers or 
groups of test takers. They also state that most educators require the scores 
of published tests to yield reliability estimates in the range of 0.85 to 0.95 

to be regarded as highly acceptable. 

The reliability coefficients calculated for each of the 1995 CIAs showed 

clearly that the internal consistency, or reliability, of each of the three sets 

of test scores was high. Therefore one would be confident to conclude, on 
this basis, that the achievement scores on each of these instruments 

would be accurate and reliable indicators of levels of achievement in Year 
10 Mathematics at each of the three levels of difficulty. Moreover, the 

results yielded from any analyses based on these scores would be able to be 

used with confidence in the rejection or acceptance of any conjectures or 

hypotheses formulated. 

The grouping or streaming of students who sat for the CIAs into three 
levels based on past performance in mathematics, which thereby 
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decreased the heterogeneity of each of the three groups, did not appear to 
adversely affect (reduce) the reliability estimate for each set of test scores. 
Given that the estimates of score reliability were calculated using 

Cronbach's alpha, which relies heavily on score variance, it would have 
been reasonable to expect the streaming of students to result in reduced 
reliability estimates. However the range of students, in terms of 

mathematical ability, was obviously still sufficiently large enough to 

generate ranges of scores on individual questions, and the tests overall, to 

indicate a high degree of internal consistency within the scores. 

Interestingly, the different instructional experiences and motivational 

levels of the three groups of students who sat the CIAs, which could have 
been construed as potentially lowering the validity of the scores, may 

have contributed to the generation of sets of test scores with high internal 
reliability. 

It is unlikely that the high estimates of score reliability were a statistical 
quirk of the arithmetic process of calculating them. Rather, the 

involvement of experienced and expert teachers in test construction, the 
careful and thorough review of the tests, the establishment of consistent 

conditions under which the tests were administered, the use of expert 

teachers in the marking process and the data verification processes all 

contributed to the highly reliable nature of the resultant test scores from 
the CIAs. 
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Results 

Hypothesis 1 
There was no statistically significant difference in the mean overall 

achievement scores of males and females. 

The absence of statistically significant differences between males and 

females in Levels One and Two, but a highly significant difference 

between the two groups in Level Three is an interesting and, to some 

extent, unexpected result. In Level One females comprised just over 55% 

(N = 279) of the candidature; in Level Two almost 49% of students were 

females; and in Level Three, the proportion of females was just under 

48%. Overall females comprised approximately 50.9% of the Year 10 

Mathematics CIA population. 

The high(er) rate of enrolment of females for the Level One CIA in 1995 

was somewhat surprising, given the trend of females under—enrolling in 

higher level mathematics courses and that students are able to 'opt—out' 

into a lower level course of study in Year 10. However this imbalance did 

not appear to adversely affect the overall performance of females, as a 

group, on the Level One CIA. Whilst the mean score for males was 

higher than for females, 53.18% and 50.75% respectively, the difference 

was not statistically significant. However, the standard deviation for the 

females' scores was higher than that for the males' (19.17 and 17.05 

respectively), indicating that the spread of the females' scores was 

somewhat greater than that for males. 

The absence of a statistically significant difference in Level Two was not 

surprising. The mean scores for females and males on the Level Two CIA 
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were almost identical-48.84% and 48.85% respectively. Similarly, the 

standard deviations for both groups were very similar-17.04 for females 

and 17.45 for males. Level Two comprises a majority of Year 10 

Mathematics students in any one year, and 1995 was no different; more 

than 48% of the 1995 candidature was enrolled in Level Two 

Mathematics. With such a large proportion of the cohort in this level, 

and it being the middle of three levels, there will be students in Level 

Two who will achieve at levels not too dissimilar to those of some Level 

One students while, at the same time, other Level Two students will 

achieve at levels not too dissimilar to those of some Level Three 

students. It is likely that the wide range of achievement scores, along with 

the large size of the sub—population and the similar size groups of 

females and males in Level Two, acted together to mitigate against large 

differences between mean scores of gender groups being found. 

The results for Level Three were curious, particularly in regard to the 

level of statistical significance to which the scores of females and males 

were different. Given the proportions of females and males in Levels One 

and Two, and the absence of statistically significant differences between 

the scores of the two groups in both of those levels, it would have been 

reasonable to expect a similar pattern to continue through into Level 

Three. However the opposite was the case: the difference between the 

average scores of males and females was statistically significant with a 

Plobservedi value equal to 0.006, Plcriticall = 0.05. 

An explanation for such a large difference, in light of the results for the 

other two levels, is not immediately obvious. However, when this result 

is considered, along with the representation of males and females in the 

top and bottom deciles in Level Three, it becomes apparent that a 
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substantial contribution to this difference came from the number of 

males and females who scored in the top decile of the range-23 males 

compared with six females! Furthermore, although the difference 

between males and females in the top decile was not statistically 

significant, the average score for males in this group was 3.2% higher 

than that for females in the same group. 

As was evident in the testing of other hypotheses, the extent of the 

differences in Level Three, in terms of curriculum strands and number of 

questions, was also commensurately large. Based on anecdotal evidence 

from many teachers in schools across the NT, a possible contributing 

factor to the disproportionate numbers of females and males in the top 

decile of scores could be that males are more likely than females to be 

moved 'down' to Level Three for student management purposes (poor 

behaviour, unsatisfactory attendance) rather than for reasons based on 
poor achievement or unsatisfactory performance in mathematics classes 
or on assessment tasks. This would result in a disproportionately higher 
number of more able and (potentially) higher achieving males, than 

similar females, in the Level Three sub—population. 

The experiences of the researcher and other teachers suggest that this is 
often the case, with many of these male students being quite able in 

mathematics—they simply choose, for whatever reasons, not to complete 

or hand in continuous assessment tasks and thereby reduce their chances 

of furthering their mathematical learning, as well as reducing their 

achievement scores. However their performance in timed tests and on 
assessment tasks such as the CIA is often superior to that displayed on 
continuous assessment tasks such as assignments, projects and 
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investigations—each of which requires time management and 

application out of class for successful completion. 

Hypothesis 2 
Males and females were represented proportionally, apropos of their 
representation in enrolments in each CIA, in the top and bottom deciles 
of overall achievement scores. 

There was no clear pattern in the numbers or proportions of males and 
females in the top and bottom deciles of achievement scores across the 

three levels at which the CIAs were set, and as was the case with the 

results from Hypothesis 1, the only statistically significant difference was 
found in Level Three. 

In Level One, females, who were over-represented in the total 

candidature, were also over-represented, albeit to a small and statistically 

insignificant degree, in both the top and bottom deciles of achievement 
scores. The results in Level Three add support to the contention proposed 
suggesting more males than females are moved down' to Level Three 
for student management purposes rather than because of ability. The 
observed and expected frequencies for males and females in each of the 
combined middle eight deciles and the bottom decile are similar in 

magnitude. However, there was a significant imbalance in the observed 
and expected frequencies for males and females in the top dedile of scores, 

which shows males were over-represented by more than 52%. 

The results of the analyses of Hypotheses 1 and 2 show the beginnings of a 

trend in terms of statistically significant differences between males and 
females: that the greatest, and largest number of, differences were found 
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in Level Three; that males and females in Level Two performed almost 

identically; and, that in Level One a 'mixed bag' of results, most of which 

were not statistically significant, was found. 

Hypothesis 3 
There was no statistically significant difference in the mean achievement 

scores of males and females who achieved in the top or bottom deciles of 

overall achievement scores. 

As has already been alluded to, the absence of statistically significant 
differences between the mean scores for males and females in the top and 

bottom deciles of scores is somewhat surprising, especially given the 

highly significant difference between the overall mean achievement 

scores for males and females in Level Three, and the over—representation 

of males in the top decile of scores at a rate of almost four times that of 

females. As was the case with the results of Hypothesis 2, there was no 

pattern in the differences across the three levels. 

Hypothesis 4 
There was no statistically significant difference in the mean achievement 

scores of males and females on each of the six sub-groups of questions 
classified by curriculum strand. 

Level One 

The contrast in the magnitudes of the statistical significance of gender 
differences for the Number (pcalc = 0.0002) and Measurement (pcalc = 

0.037) strands is explained, to some extent, in the analysis of Hypothesis 5, 

which pertains to the differences between females and males on 

individual questions. The analysis of performance by gender on each 

question showed there was a statistically significant difference between 
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the two groups on three individual Number strand questions, but there 

was no such difference in the results for any individual Measurement 

strand question. However the analyses of the Measurement strand 

questions do show that, on each of these four questions, the mean score 

for males was higher than the mean score for females. Thus, when the 

scores for these four questions were combined, the individual question 

differences between the two groups, which were not statistically 

significant, compounded to produce a difference for the whole strand 

which was statistically significant. The highly significant difference on the 

Number strand, as indicated by a Picaic]  value of 0.0002, can most likely be 

attributed to the fact that a consistent difference between males and 

females was found in a large group of students (N = 503) and on each of 

the three Number strand questions. 

An inspection of the mark distributions (Graph 1) for females and males 

for the Number strand in Level One clearly illustrates the superior 

performance of males on questions from this strand. The proportion of 

males was greater than the proportion of females in four of the top five 

intervals and it was lower than that of females in four of the five bottom 

intervals; more than 57% of males achieved scores equal to or greater 

than 11 out of 20 while less than 39% of females scored in the same range. 
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Graph 1 Percentage of Achievement Scores, by Gender, in each Interval 
for the Number strand on the Level One CIA 

Achievement scores for the Number strand on the 1995 Level 
One CIA 

25 

20 

15 
ale 

Female 
10 

Mark Intervals 

Table 20 Percentage of Achievement Scores, by Gender, in each Interval 
for the Number strand on the LevelOne CIA 

<9 9!~x<1 11:~x< 13:~x< :15<  17!~x< 19!~x:~ 
Mark Interval 1 1 3 1 5 1 7 1 9 20 . 

Male 0.45 2.23 8.48 14.29 16.96 22.32 14.73 15.18 3.57 1.79 

Female 0 1 5.74 14.34 i 20.79 1 20.79 1 12.19 1 12.55 7.17 1 5.38 1 1.08 

All figures are accurate to two decimal places. Note: The Number strand was allocated a 
total of twenty marks. In calculating percentages of scores in each interval, the zero out of 
twenty score was included in the first interval, which is three marks wide whilst the 
other nine intervals are two marks wide. 

The achievement patterns of males and females on the Measurement 

strand in Level One were less consistent than was the case on the 

Number strand. However inspection of the mark distributions for the 

Measurement strand (Graph 2) does show that, while there was little 

difference in the proportions of males and females who scored in each of 

the top three mark intervals, males were much more strongly 

represented (approximately 48% of males compared with around 22% of 
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females) in the next two mark intervals—representing marks between 9.5 
and 14 out of 19—and were substantially under—represented in the third 
and fourth lowest mark intervals; just over 11% of males achieved scores 
between 3.5 and 8 out of 19 while 24% of females achieved scores in this 
range. However, even given this superior performance of males overall 
on the Measurement strand, which was statistically significantly better 
than that of females, females did perform slightly better than males at the 
upper end of the mark range in the Measurement strand, with slightly 
more than 9% of females achieving scores from 16 to 19 out of 19 while 
just over 8% of males achieved scores in this range. 

Graph 2 Percentage of Achievement Scores, by Gender, in each Interval 
for the Measurement strand on the Level One CIA 

Achievement scores for the Measurement strand on the 1995 
Level One CIA 

25 
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Mark Interval 

Table 21 Percentage of Achievement Scores, by Gender, in each Interval 
for the Measurement strand on the Level One CIA 

F. 0~x<2 2x<4 4~x<6 6~x<8 8cx< 10<x< 12~x< 14~x< 16~x< 18~x~ 

0894023577591607236J24551161580E 

Female I 1.08 1 3.58 8.24 1 15.77 1 19.00 1 14.70 1 17.56 1 10.75 1 7.17 1 2.16 
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Level Three 

Males and females, as groups, performed significantly differently on four 

of the six curriculum strands on the Level Three CIA and these 

differences underpin and reinforce the results found in the testing of 

Hypothesis 1. A comparison of the mark distributions for females and 
males for each of the four curriculum strands on which statistically 

significant differences were identified reveals a consistent pattern across 
all four strands: on the Measurement strand, a greater proportion of 

males achieved scores in each of the top five mark intervals than did 

females (Graph 3); on the Functions strand (Graph 4), while no Level 

Three student achieved a score in the top mark interval, a greater 

proportion of males achieved scores in the next two highest intervals 

than did females; on the Geometry strand (Graph 5), as on the 

Measurement strand, the proportion of males which achieved scores in 
each of the top five mark intervals was greater than the proportion of 
females in the same five intervals; and, on the Number strand (Graph 6), 

while no Level Three student scored in the top interval, the number of 

males in each of the next four highest mark intervals was proportionally 

greater than the number of females in each of these intervals. With the 
exception of a small number of mark intervals, the pattern described 

above was reversed in the lower mark intervals for all four strands, with 
females achieving proportionally more lower scores than males. 

Perhaps the most significant feature of the curriculum strand mark 

distributions for males and females was that no female scored in any of 
the top three mark intervals on the Measurement strand nor in the top 

mark interval on the Geometry strand. Also, while no student scored in 
the top mark interval on the Number strand, males achieved scores in 
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the second highest interval at a proportional rate in excess of six to every 
one female. 

Graph 3 Percentage of Achievement Scores, by Gender, in each Interval 
for the Measurement strand on the Level Three CIA 
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Table 22 Percentage of Achievement Scores, by Gender, in each Interval 
for the Measurement strand on the Level Three CIA 

Mark Interval 0~x<z2 2~x<4 4~x<6 6~x<8 8~x< 1O~x< 12~x< 14~x< 16~x< 18x< 20~x< 

10 !L...... 
Male 2 2.67 6 12.67 16 20 15.3 i 12.67 9.3 1.33 2 

Female 0.72 4.35 9.42 18.1 20.3 23.9 13.77 7.97 0 0 0 
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Graph 4 Percentage of Achievement Scores, by Gender, in each Interval 
for the Functions strand on the Level Three CIA 

Achievement scores, by Gender, for the Functions strand on the 1995 Level 
Three CIA 
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Table 23 Percentage of Achievement Scores, by Gender, in each Interval 
for the Functions strand on the Level Three CIA 

0:~x<25 I 25:~x<5 5!~x<75 75!~x<10j10:~x!~12 Mark Interval 
--.....-.------' 

Male 2.67 14.67 67.3 15.3 0 

Female 2.9 1 27.54 1 60.15 9.42 1 0 
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Graph 5 Percentage of Achievement Scores, by Gender, in each Interval 
for the Geometry strand on the Level I'hree CIA 

Achievement scores, by Gender, for the Geometry strand on the 1995 Level 
Three CIA 
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Table 24 Percentage of Achievement Scores, by Gender, in each Interval 
for the Geometry strand on the Level Three CIA 

Mark Interval 0~x<2 2~x<4 4x<6 6x<8 8~x<1 10~x< 12~x< 14~x< 16~x~ 

-r-1 
0 12 
.  

14 16 17 

Male .1.33 6.67 12 19.3 24.67 11.3 5.3 1.3 

Female 0.73 5.8 1 23.19 26.81 20.3 

1 16 

13.04 1 8.7 1.45 0 
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Graph 6 Percentage of Achievement Scores, by Gender, in each Interval 
for the Number strand on the Level Three CIA 

Achievement scores, by Gender, for the Number strand on the 1995 Level 
Three CIA 
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Table 25 Percentage of Achievement Scores, by Gender, in each Interval 
for the Number strand on the Level Three CIA 

Mark Interval 0x<2. 2.5~x< 5x< 7.5x< 10~x< 12.5< 15~x< 17.5!~x 20x< 22.5x 25!~x:~ 

5 5 7.5 10 12.5 x<15 17.5 <20 22.5 <25 26 

Male 0.67 2.67 10.67 3.3 13.3 15.3 23.3 12 12 4.67 0 
- 

Female 1.45 5.8 5.8 8.7 24.64 16.67 19.56 10.15 6.52 0.73 0 

The results of the analysis of the mean achievement scores of females and 
males on aggregate and sub-aggregate scores indicate some consistency 
with other results, which show that the largest differences between males 
and females in mathematics achievement occur in the top and bottom 
ranges (extremes) of the achievement spectrum: at both the top (Level 
One) and the bottom levels (Level Three) all statistkally significant 
differences found favoured males. However, the size and the actual 
number of differences were much greater within the Level Three sub- 
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population than was the case in Level One. The absence of any statistically 
significant differences between males and females within the Level Two 
sub—population, which was the largest of the three groups, is perhaps 
illustrative of the broad range of abilities and achievements in students 
which is often found in 'middle ability groups' generally, and within 
Level Two Mathematics groups in the NT specifically. 

Hypothesis 5 
There was no statistically significant difference in the mean scores of 
males and females on any individual questions which belonged to 
curriculum strands on which statistically significant differences were 
fo u n d. 

Level One 

The finding of statistically significant differences on all three Number 
strand questions on the Level One CIA was one of the most conclusive 
findings of this analysis. Previous research has suggested that while 
females achieve as well as, if not better than, males in arithmetic, males 
score higher on multistep worded number problems (Fennema and 
Carpenter, 1981), perform better than females on percentages (Becker, 
1990) and that the performance of females on tasks related to speed—
distance—time is inferior to that of males (Edwards, 1984). In interpreting 
the findings from the analysis of the Level One CIA, and concluding on 
the external validity or generalisability of the results, it is important to 
keep in mind exactly what comprises the Number strand in junior 
secondary mathematics in the Northern Territory; in particular, what 

material comprised the three questions, the results of which are under 
discussion here. 
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Question 1 was a collection of six separate one and two mark tasks 

covering place value, standard form, percentages, speed—time rates and 
the conversion of linear measurement scales. Question 4 likewise, was a 
collection of five separate (unrelated) one and two mark tasks on index 
laws, surds, logarithms and exponential growth. Question 14, from 
Section B of the CIA, contained five related parts with a central focus on 
direct variation. Given the breadth of content which is classified as 

Number in Year 10 Mathematics in the NT, one should be cautious when 
drawing conclusions about the consistency of these results with other 
studies, other than to say the general area of arithmetic—percentages and 
rates particularly—appears to be one in which high achieving males 
achieve higher scores than do females in the junior secondary years of 
schooling. 

Level Three 

Males and females in Level Three performed significantly differently on 
eight out of fourteen questions from the four curriculum strands which 
yielded statistically significant differences between the two groups. Of 
these eight questions, three came from each of the Number and 

Measurement strands with one each from the Geometry and the 
Functions and Graphs strands. Interestingly, there was some consistency 
between the Level Three and Level One results apropos of the questions 
on which statistically significant differences were found, with questions 
from the Number strand producing differences at both levels. Also, while 
no individual Measurement questions from Level One showed 

statistically significant differences between males and females, the strand 
overall did, as did both the strand overall and individual questions from 
the Measurement strand in Level Three. 
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In Level Three, the Number strand, which yielded statistically significant 

differences between males and females, induded the following material: 

Question 1 - place value, standard notation, rounding, and order of 

operations; 

Question 3 - fractions and percentages; 

Question 13 - money and income; (not statistically significant) 

Question 18 - money and 'best buys'. 

The Measurement strand, which also showed that males and females 
performed significantly differently, comprised material on: 

Question 2 - consumption rates, conversions between units, 

approximating volume (proportionally); 

Question 4 - best (reasonableness of) estimates of measurements of 

various objects; 

Question 5 - time, speed-time-distance; (not statistically significant) 

Question 6 - volume, perimeter and area calculations; (not 

statistically significant) 

Question 12 - bearings, scale drawing calculations and unit 

conversions. 

The other two questions on the Level Three CIA which produced 

statistically significant differences were: 

Question 7 - angles, symmetry and solid geometric identification 

(Geometry); and 
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Question 19 - interpretation of graphical information relating to 

continuous curves representing weight gain over time 

(Functions and Graphs). 

The differences between gender groups on questions from the 

Measurement and Geometry strands—in favour of males—are 

consistent, to some extent, with the results of previous studies (Engelhard 

Jr. 1990; Fennema & Carpenter, 1981; Battista, 1990; Hanna, 1986). The 

differences found on questions from the Number strand, however, are 

only partly consistent with other results. Other studies have found that, 

in general, females tend to perform better than males on arithmetical and 

computational tasks—percentages, ratios and rates notwithstanding 

(Engelhard Jr 1990; Joffe and Foxman, 1988). The three Number strand 

questions on which gender differences were found included a wide range 
of content material—all of which was handled better by males than by 
females. 

Hypothesis 6 

There was no statistically significant difference in the proportional 
distribution of scores of males and females on separate question parts of 
individual questions where statistically significant differences were 
found. 

Only one individual question part in each of Levels One and Three 

yielded statistically significant differences in the proportional 

distributions of scores of males and females. 
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Level One 

In Level One, the mean scores for the random sample on the questions 
which yielded statistically significant differences were very similar in size 
to the mean scores for the whole sub—population: 

Question I - sample mean 4.4 (SD 1.5), sub—population mean 4.5 (1.6); 
Question 4 - 3.4 (1.6) and 3.5 (1.7); and 

Question 14 - 2.8 (1.5) and 2.7 (1.6). 

Given the closeness in size of these respective sample and sub—
population statistics, it is reasonable to generalise sample findings to the 
sub—population. However it is important to keep in mind that there were 
differences between the representation of males and females in the sub—
population and in the sample. The Level One study sample comprised 39 
males and 41 females, 48.8% and 51.2% respectively, while the sub—
population comprised 224 males (44.5%) and 279 females (55.5%). 

It is of some interest, and possibly significance, that the question part 
which yielded a statistically significant difference between males and 
females—in favour of males—was an exclusion point, included to assist 
in spreading the scores of, and discriminating between, the highest 
achieving students in Level One. This result, although isolated in this 
study, is consistent with those from other studies (Benbow and Stanley, 
1980; Hall and Hoff, 1988) which showed that males perform better than 
females on the most difficult and highly complex tasks. On Question 4v, 
worth two marks, the mean score for males was 0.923 while for females it 
was 0.463; that is, the mean score for males, which was almost 50%, was 
approximately twice that of the score for females. Coupled with the highly 
significant result of the Chi—square analysis (pcalc = 0.007) of the 
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proportional distributions of female and male scores, it would be 

reasonable to conclude that this question part obviously provided much 
greater difficulty for females than it did for males. 

Level Three 

Despite the abundance of gender-based differences on various aspects of 
the Level Three CIA, the analysis of question parts revealed only one 

individual question part on which females and males performed 

significantly differently. A comparison of mean scores for questions 

which yielded statistically significant gender differences for the Level 
Three sample and the Level Three sub-population respectively showed 
that seven of the eight mean scores were very close in size, and that the 
respective standard deviations did not vary greatly: sample mean-4.9 

(sample standard deviation-1.6) and 5.0 (1.8); 1.6 (1.0) and 1.7 (1.0); 1.9 (1.2) 

and 2.1 (1.3); 3.0 (1.3) and 2.9 (1.3); 3.0 (1.4) and 3.2 (1.4); 2.0 (1.0) and 2.0 

(1.0); and, 2.9 (1.1) and 2.9 (1.0). The mean scores on the eighth question 
(Question 7; Geometry) were substantially different, with the sample 

mean being 3.3 while the sub-population mean was 4.8. As was the case 
in the Level One study sample, there were differences between the 

proportions of females and males in the Level Three study sample and 

the sub-population. In the study sample there were 37 males and 23 

females, 61.7% and 38.3% respectively. However the Level Three sub-

population comprised 150 males (52.1%) and 138 females (47.9%). Such 
differences need to be considered when interpreting these results and 

when generalising from the sample to the sub-population, and then to 
other populations. 

The one question part which revealed a statistically significant difference 
between females and males was a multiple choice task from the Number 
strand, which required students to round an amount of money to the 
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nearest dollar (Figure 2). There were 23 multiple choice questions on the 
Level Three CIA, 17 of which were in questions for which statistically 
significant differences were calculated, and for which statistical analyses 
were done on individual question parts. Given this proportion (one out 
of 17), the educational significance of this difference in performance 
between males and females in relation to the multiple choice nature of 
the task is minimal and somewhat questionable in this context. 

Content Analysis 

Engelhard Jr (1990) suggests that the potential effects of item 
characteristics, such as cognitive complexity and content category, need to 
be considered carefully in interpreting results, as opposed to basing 
conclusions on findings conducted on aggregate unidimensional data. 
Radatz (1979) supports this position, contending that, despite the 
impossibility of developing a definitive system of error classification, 
content and error analysis of students' responses can yield information, 
both about how differences in performance arise and about the possible 
avenues for exploration to reduce or eliminate them. 

A weakness in the use of error analysis of student responses on system—
wide assessment instruments such as the CIAs is the uncertainty that 
surrounds the classification of some errors. Radatz (1979) confirms that it 
is often difficult to make a sharp separation between the possible causes of 
a particular error and that there is often close interaction among the 
various causes. Moreover, without the opportunity to interview a 
student soon after completing a task, and thereby increase the degree of 
certainty of error classification, only possibilities regarding the 
classification of errors can be proposed. 
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Level One 
The students who answered 59  to Part 4v(b) (Refer Figure 1) appear to 60 

have interpreted the rate of growth as a 'lock—step' linear progression, 
with the bacteria population filling one sixtieth of the test tube every 
minute (despite being told in the initial part of the question that the 
number of bacteria doubled every minute). Some students were 
obviously aware of the significance of the wording 'doubling', but lacked 
the necessary depth of understanding of either exponential growth or the 
mathematical equivalent of the natural language word 'doubling', as they 
simply multiplied 59  by 2  to get 118  

-! Such errors seem to be linked to 120 

problems of association, through negative transfer of knowledge of 
different kinds of mathematical functions, and mastery of basic 
arithmetical procedures. 

The slightly larger proportion of nil responses from females (29% 
compared with 23% of males), coupled with the slightly higher rate of 
unclassified incorrect responses by males, suggests that males were, to 
some extent, more inclined to 'have a go' and persevere, however 
misguided, to complete the task. The apparent greater reluctance of 
females than males to guess or persevere even when unsure is supported 
by the findings of Choppin (1975). Furthermore, the analysis of 
combinations of incorrect responses to parts (a) and (b) yielded a result 
which is of some educational significance. Of those students in the 
sample who chose Option C in part (a) and answered 59  to part (b), ten 60 

(77%) were females and three (23%) were males. This combination of 
responses indicates an association of some strength between linear 
functions, with a positive gradient, and exponential growth (over time), 
on which females were much more likely to base their answers than were 
males. 

Page 122 



Incorrect answers to Part 4v(b) categorised as 'Unclassified' varied 
considerably, with eight different answers from nine males and eight 
different answers from eight females. It was possible to gain some insight 
into the thinking, albeit incorrect, that generated some of these responses. 
For example, two males gave 259  as their answer while another gave 259  - 
258 as his answer. These students obviously had some understanding of 

118 the concept of exponential growth. A fourth boy answered , suggesting 

some confusion about what is affected by a 'doubling' growth rate. 
However, their answers suggest that their efforts to answer the question 
correctly were hampered by applying irrelevant strategies combined with 
a lack of mastery of the concept of doubling specifically, or exponential 
growth in general. The other five incorrect responses by males (59.7141,  15 

16 

and were less readily explained. It is possible that the 

response of 58  was the result of simply subtracting one from 59 (the 60 

minutes component of the time stated) and dividing by 60 (the number of 
minutes in an hour). This response suggests also an association between 
linear functions and (exponential) growth. 

Three of the incorrect responses by females were able to be explained to 
some extent, however the thinking that might possibly have generated 
the other five responses was not apparent. Answers of 99% (59 is one less 

59 . 11.59 than 60 so subtract one from 100), j(double the denominator) and 
12 

(write hours and minutes as a decimal and divide by the hour value that 
is being approached) were, to some extent, transparent. Each of these 
responses is obviously linked to a significant lack of mastery of the 
content area concerned, which have possibly led to errors of association: 
using decimals to represent hours and minutes, multiplying the 
denominator of a fraction by two and thereby halving the number—a 
number which was obtained initially through a lack of understanding of 
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the mathematical task implicit in the question and giving equivalence to 
two numbers of the form (where n is a positive integer), presumably 

because there was a difference of one between the numerator and 
1 denominator. On the other hand, responses of 60%, -j-, 2 . 

4 g. and 

were not able to be explained. 

Level Three 

In addition to males choosing the correct option in Question lii (Refer 
Figure 2) much more frequently than females, there was also a consistent 
pattern in the rates at which different incorrect responses were chosen by 
each of the two groups. 

The choice of the distracter Option C (rounding $75.45 to $75.50) suggests 
that these students could round according to arithmetic convention or 

current commercial practice but that some problem was encountered in 
translating the wording of the question, or maybe even in simply reading 
the question carefully, and hence corresponding with what Radatz (1979) 
classified as errors due to language difficulties. Females were inclined to 
have made this type of error at a rate of three for every two males who 
did likewise. The choice of distracter Option D (rounding $75.45 to $76), 
chosen by females at a rate four times that at which males chose it, 
suggests that there was a problem with either understanding the 

convention of rounding or in comparing the relative sizes of differences 
($76 - $75.45 compared with $75.45 - in determining which answer 
was closest in magnitude to the amount in question. Such a response 
indicates a lack of mastery in either the knowledge of the conventional 
rounding procedure or in basic operations involving decimals. Another 
possibility is that the digit 5 in 45 combined with the instruction to round 
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to the nearest dollar to interfere in the process of finding the correct 

solution; that is, if a number ends in five, then round it 'up'! 

Whilst males have been reported as performing better than females on 

multiple choice questions (Bolger, 1984; Becker, 1990), their superior 

performance on this question was an isolated result on the Level Three 

CIA as it was but one of 23 multiple choice questions on the CIA, and only 

one of 17 which were part of questions for which statistically significant 

differences between males and females were calculated. Also, the inferior 

performance of females on what is essentially a straight—forward 

arithmetical task is inconsistent with other findings (Hyde, Fennema and 

Lamon, 1990; Joffe and Foxman, 1988) which suggest that females perform 

as well as, or better than, males in arithmetic. 
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Conclusion 

Summary of Results 

In summary, the analysis of achievement data from the 1995 Year 10 

Mathematics CIAs—Levels One, Two and Three—revealed that 

differences of both statistical and educational significance, did exist 

between the performances of males and females: 

• statistically significant differences were found in Levels One and Three 

on aggregated scores for the CIAs overall; 

• the top decile of scores in Level Three was the only top or bottom 10 

per cent of scores, in any of the three levels, to reveal a statistically 

significant difference in the proportional representation of males and 

females—although no statistically significant differences were found 
between the scores of females and males in the top or bottom deciles 
on any of the CIAs; 

• on whole content strands, statistically significant differences were 

found in Level One (Number and Measurement strands) and in Level 
Three (Number, Measurement, Geometry and Functions and Graphs 
strands); 

• three questions from the Number strand in Level One were found to 

reveal statistically significant differences while there were eight 

questions in Level Three (three from each of Number and 

Measurement, one from Geometry and one from Functions and 

Graphs) which did likewise; 
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• within these questions, only one question part in each of Level One 
and Level Three revealed further statistically significant differences at 
the individual task level; and 

• the responses of males and females on these two parts showed that, on 
these two tasks at least, the understandings and the types of errors 
made differed markedly between the two groups, but also that lack of 
mastery, rather than other factors, was a significant factor in students 
from both groups producing incorrect responses. 

In each of the instances outlined above, the difference between the two 
groups was in favour of males over females. 

In Level One, differences were found between females' and males' mean 
scores for specific curriculum strands (Number and Measurement), for 
individual questions from these strands and on one question part from 
one of these questions (from the Number strand). No differences were 
found between males and females on the aggregated data for the Level 
One CIA, nor in the top or bottom dediles for these data. 

In Level Three, differences between the two gender groups were found on 
aggregated results for the CIA, specific curriculum strands (Number, 
Measurement, Geometry and Functions and Graphs), individual 
questions from these four stands and on one part of one of these 

questions (from the Number strand). A difference was also found in the 
representation of females and males in the top decile of aggregate CIA 
scores. 

Whilst the number, and extent, of the differences in Levels One and 
Three were different, there were elements of commonality between the 
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two levels: the largest, and largest number of, differences in both levels 
were found in the Number and Measurement strands, either on whole 

strands, individual questions or parts of questions; and, both of the 
individual question parts (one from each level) on which a statistically 
significant difference between male and female performance was found 
were from the Number strand and both were either multiple choice or 
contained a multiple choice component. 

The content analysis of students' responses on individual question parts 
which showed a statistically significant difference by gender revealed but 
two differences of educational significance between gender groups. In 
Level One, the understanding females had of exponential growth, and 
how it is represented graphically, was considerably less well-developed 
than it was among male students. A consistent error found among 
females' incorrect responses involved the association of a graph showing 
linear increase with a textual description of exponential growth. In Level 
Three, the performance of females in rounding an amount of money 
($75.45 to the nearest dollar) was substantially below that of males, with 
females rounding to $76.00 at a rate of four for every one male who did 
so. 

As the summary above shows, the results of the analyses conducted 
found that all of the statistically significant differences between males and 
females, be they in mean scores or in representation, were in either Level 
One or Level Three; no such differences were found in the Level Two 
sub-population, the middle of the three groups. Notwithstanding the 
differences in achievement that were found in this study, some of which 
were quite large, it would be fair and accurate to conclude that, even 
though every significant difference found was in favour of males, within 
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gender group differences were more widespread, and larger, than between 
gender group differences. In this respect this study has reiterated the 
findings of myriad other research in this field (Leder in Grouws, 1992). 

Curriculum Implementation 

The time that students were enrolled in mathematics courses of differing 
levels prior to sitting the CIAs at the end of Year 10 can vary considerably 
from student to student and from school to school. Secondary schools 
throughout the NT have autonomy in the organisation and 
implementation of the BACOS at the school level; the only requirement 
is that by the end of the third of four terms in Year 10—the third year of 
secondary school—all students must be enrolled to sit one of the three 
CIAs in mathematics and have had the opportunity to learn and master 
the material which the CIA questions will cover. Some schools use a 
traditional horizontal timetable where students are placed into Level 
One, Level Two or Level Three at the beginning of secondary school (Year 
8). Others choose to stream—off classes more selectively at the end of each 
semester until, by the end of Year 9, students have been placed into one of 
the three different courses of study in mathematics. Other schools have 
curriculum offerings organised vertically, where students from different 
year levels are able to enrol in courses based on prior achievement and 
potential rather than on chronological age and then ability, while still 
other schools, usually because of staffing restrictions, have students 
covering a range of abilities and achievement levels in the same class(es). 

This leads to the consideration of the potential performance differential 
between those students who studied a more clearly identified 
mathematics course for longer periods of time, for example being in a 
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Level One class from, say, halfway through Year 8, over those students 
who had learned mathematics in classes that were more heterogeneous 
with regard to student ability and previous achievement levels. 
Experience has shown that the movement between mathematics classes 
at different levels is almost always down; that is, either from Level One to 
Level Two or from Level Two to Level Three. 

Whilst no empirical evidence was available to quantify the effect of 
spending more time in a streamed class rather than in an unstreamed 
class, it could well be conjectured that students who spend more time in a 
Level One class, in which all activities are focused at that level, would be 
advantaged over those students who spent less or no time in a streamed 
Level One class, but rather were part of a class in which instructional and 
learning activities were tailored to cater for a wider range of abilities. On 
the other hand, a difference in the level of overt competitiveness between 
students may well vary between classes of homogenous and 
heterogeneous abilities, and this may well affect the chances of success for 
males and females differently. 

Experience as a secondary school mathematics teacher and as a system-
wide moderator suggests that students who moved from Level One to 
Level Two, or from Level Two to Level Three, would be advantaged over 
those students who had been in either of these two levels, in streamed 
settings, for longer periods of time. Given the clear-cut and substantial 
differences that exist between the three levels in the content coverage and 
the extent to which abstract concepts are developed, such differences in 
learning outcomes and performance should not be surprising. Students 
who had worked in a streamed class at Level One, even if with limited 
success, would, in general, be expected to achieve at a higher level when 
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moved to a Level Two course, than students who had always been placed 
in Level Two. A similar pattern could reasonably be expected in moving 
from Level Two to Level Three. 

Given that there appears to be a well -established pattern in self 
perceptions of ability, and reasons for success or failure in mathematics 
between males and females (Armstrong and Price, 1982; Eccies and Jacobs, 
1986; Hyde, Fennema and Lamon, 1990), it could well be within the realm 
of possibilities that at least some of the gender differences in mathematics 
achievement, at least in Year 10 in the NT, are associated with the time 
students spend in streamed and unstreamed classes or the movement of 
students into lower streamed classes, particularly if there is a difference in 
the proportions of males and females that move 'down a level'. 

Another factor which should be borne in mind when considering the 
achievement levels of males and females in classes streamed, ostensibly 
on the basis of ability, is the influence of a departmental staffing formula. 
Secondary schools are staffed according to a particular student—teacher 
ratio. However this ratio is applied to the whole school and not to 
individual learning areas. So, for example, a Mathematics faculty may 
have five teachers to cover classes for 150 students in a particular year 
group. Based upon departmental, union and work health guidelines, 
maximum class numbers are established. Using the above figures this 
could well mean allocating 30 students to the top (advanced) class, 30 
students to each of three middle (standard) classes and thirty students to 
the bottom (basic) class without appropriate consideration of the ability 
levels, or prior achievement, of all the students. This 'forces' some 
students into courses of study for which they are not best suited and can 
occur in both directions, forcing more able students to study mathematics 

Page 13 



at a level lower than they should, while at the same time forcing less able 
students to study at a higher level to 'make up the numbers'. Whether 
the different modes of curriculum implementation and/or class 
organisation used in NT schools affected females and males differently, as 
evidenced through their respective achievement scores, was not 
considered in this project. 

Shortcomings of the Project/Suggestions for Improvement 

Whilst a process of random selection of students' scores was initially 
deemed to be a sufficient and appropriate method by which to identify a 
sample with which to work, the characteristics of at least one of the 
samples, in terms of female and male representation, were considerably 
different from those of the sub—population. A simple refinement to that 
process of randomly selecting males and females in the same proportions 
as they were found in the sub—population would have improved the 
validity of extending any findings from the sample to the sub—
population, and possibly to other similar populations. 

Whilst the scope of this study did not encompass the analysis of affective 
or socio—economic characteristics of students, or their educational 
situations—and their relationships or associations with performance—
future studies of students in the Northern Territory could be enhanced by 
considering such factors. 
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Suggestions for Further Research 

The consideration of educational situational factors such as type of school 
(comprehensive—Years 8-12, junior secondary—Years 8-10, area—Years 
1-10); whether students in different levels are taught in different 
classes—organised by mathematics level—or in composite classes; how 
curriculum is organised and implemented—streamed horizontally, 
vertically timetabled, heterogeneous groupings; whether students chose 
to, or were placed involuntarily, into Year 10 Mathematics classes 
(especially given the well established reluctance of females to voluntarily 
enrol ii. higher level mathematics courses, and the disproportionate rate 
at which males overestimate their mathematical ability); and whether 
they are taught by female or male teachers may well be illuminating 
apropos of the achievement differences which seem to increase in 
magnitude throughout the junior secondary years of schooling, and some 
of which were found in this study. 

An examination of other variables such as students' personal perceptions 
of ability, their motivational levels, their application in preparing for an 
external assessment task—such as the CIAs, their performance on, and 
commitment to, school-based continuous assessment would also provide 
valuable additional data upon which myriad other potential relationships 
could be explored and conjectures tested, relationships that just may shed 
more—and maybe new—light on the inconclusive results which have 
been reported hitherto from studies of gender-based differences in 
mathematics performance. 
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