Influence of Gender, Single-Sex and Co-Educational Schooling
on Students’ Enjoyment and Achievement in Mathematics
This research investigates the influence that gender, single–sex and co-educational schooling can have on students’ mathematics education in second level Irish classrooms. Although gender differences in mathematics education have been the subject of research for many years, recent results from PISA (Programme for International Student Assessment) show that there are still marked differences between the achievement and attitude of male and female students in Irish mathematics classrooms. This paper examines the influence of gender in more detail and also investigates the impact of single-sex or co-educational schooling. This is a follow on study which further analyses data collected by the authors when they designed a pedagogical framework and used this to develop, implement and evaluate a teaching intervention in four second level Irish schools. The aim of this pedagogical framework was to promote student interest in the topic of algebra through effective teaching of the domain. This paper further analyses the quantitative data collected and investigates whether there were differences in students’ enjoyment and achievement scores based on their gender and whether they attended single-sex or co-educational schools.
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1. Introduction
In modern day Ireland second level education is universal. However this was not always the case. In 1965 just over 12,000 students sat the Leaving Certificate. Today that figure is in the region of 53,000.[1] Such a growth in figures is a direct result of a developing recognition that education is an important feature of economic success and social progress in modern society. However despite such advancements, some discrepancies within the Irish education system are still in existence. For example some subjects are still stereotyped into male and female domains. Females are expected to outperform males in certain subjects and visa – versa. Differences are often recorded in how students in single-sex and co-educational schools perform academically. This research focuses on such discrepancies with regard to gender and type of school in Irish mathematics education.

1.1 Background to Irish Mathematics Education System
Formal education in Ireland takes place in three stages. Primary education begins at ages 4 - 5 and continues for eight years. After completing their primary education all students progress to the second level system. Second level education is typically of six years and mathematics is a compulsory subject for all students. Students complete two main state examinations at second level, namely the Junior Certificate (JC) and the Leaving Certificate (LC) examinations. These examinations can be taken at three levels with the upper level referred to as Higher, the next level referred to as Ordinary, and the lowest level that can be taken referred to as Foundation. Approximately 80 per cent of those who enter primary education complete the full second level cycle.[2] 
1.2 Single-Sex and Co-Education Schools
In terms of the type of school, this study focuses solely on whether the schools are single-sex or co-educational. The proportion of single-sex schools in Ireland is very high by international standards.[3] In the majority of European countries there are no single-sex schools at second level while the remaining countries have fewer than five per cent of their students attending such schools.[4] Accordingly Ireland has by far the highest proportion of students in single-sex education in Europe.[4] These single-sex schools were often set up by religious congregations and continue to exist mainly in towns and cities that are large enough to sustain at least two separate schools.[5] At the beginning of the 1980’s a majority of second level students (58 per cent) attended single-sex schools.[4] Since that time the proportion has declined steadily and consistently. Today, about 40 per cent of second level students are in single-sex schools and they are more likely to be attended by females than by males.[6] About half of all females in second level are in single-sex schools compared with about one-third of males.[7] This difference reflects a parental preference for single-sex education for adolescent females, as Irish parents are free to send their children to the second level school of their choice.
While each category of school evolved from different historical contexts, and have different ownership and management structures, they have a great deal in common.[8] An intra-cluster correlation (ICC) is a percentage that gives an indication of how homogenous schools are within a given system. The ICC of Ireland for mathematics (16.7 per cent) based on the results of the PISA 2003 study was the eighth lowest among the 30 OECD countries and 39 participating countries for which data was available.[9] This shows there is little difference in the mathematical achievement of students attending the different school types. 
1.3 Gender
Mathematics has long been stereotyped as a male domain throughout the world.[10,11] There is a perception that the subject is “difficult, cold, abstract, theoretical, ultra-rational, but important and largely masculine”.[12,p.45] In the 1952 Irish LC mathematics examination, less than 1 per cent of females who sat the LC took the Higher level paper, compared with 26 per cent of males.[4] In 1991, males were still twice as likely as females to take the Higher level LC mathematics paper (16.1 per cent versus 8.2 per cent).[4] However, recent figures show that such a ‘gap’ in gender differences has been decreasing, and may cease to exist. In 2013, there was a near equal split between males and females taking the Higher level paper (females made up 47 per cent of those who took the Higher level paper).[1] In fact, in JC mathematics, females are more likely to take the Higher level paper than males.[4] Furthermore females have consistently outperformed males in JC mathematics for the previous twenty years.[4] For example, in the 2013 state examinations 21 per cent of females obtained a grade C or above in Higher level mathematics, compared to 20 per cent of males. These figures were as a percentage of all candidates in the subject.[1] However, such female performances have yet to transpire in LC mathematics. Males have consistently been more likely to obtain a grade C or above in Higher level LC mathematics since the early 1930’s. For example, of the 50856 students who sat LC mathematics in 2013, 10.2 per cent of males achieved a C grade or above compared to 8.4 per cent of females.[1] Such differences are more pronounced at the higher end of the spectrum where 7.4 per cent of males who took the Higher level paper obtained an A grade compared to 3.2 per cent of females.[1] Such figures are not limited to national examinations. The PISA studies show that males outperformed females in mathematics in all cycles since 2003, with significant differences in 2003, 2006 and 2012.[13]  
PISA can also inform us about students’ attitudes and beliefs. In Ireland, male students have significantly higher levels of motivation, perseverance, self-efficacy, self-concept and have a greater openness to solving mathematical problems than females.[13] Female students, on the other hand, have significantly higher levels of anxiety about mathematics and self-responsibility for failure in mathematics.[13] A study carried out by Forgasz, Becker, Lee and Steinthorsdottir [14] also reports that males are more confident about their mathematical ability and find mathematics more useful. 
2. Aim of the Study
This aim of this study is to investigate whether students’ enjoyment and achievement scores in mathematics are influenced by their gender and by the type of school they attended.
3. Methodology
This research investigates the influence that gender, single-sex and co-educational schooling can have on students’ mathematics education in second level Irish classrooms. This is a follow-on study that further analyses data collected by the authors when they designed a pedagogical framework with the aim of promoting student interest in algebra through effective teaching of the domain.[15] Based on this framework the authors developed, implemented and evaluated a teaching intervention in four second level Irish schools. In-depth detail regarding the design of the framework along with the subsequent development, implementation and evaluation of the teaching intervention is available in Prendergast and O’Donoghue [15]. However this paper focuses entirely upon the quantitative results of the evaluation with regard to students’ enjoyment and achievement. The data collected is further analysed to investigate whether there are differences in students’ enjoyment and achievement scores based on their gender or the type of second level school they attended.  
The intervention was developed as a fun, innovative resource pack for teachers to use when revising algebra and equations with 1st year (12 -14 year old) students. The resource pack comprised of two Parts.  Part 1 consisted of four lessons revising the Introduction to Algebra (variables, substitution, expansion of brackets) while Part 2 consisted of four lessons revising Equations. The pedagogical framework played an important role in the development phase. Every lesson was developed using activities and content that interlinked with the pedagogical framework and its underlying theoretical perspectives.[15]
Once the development was complete, the intervention was implemented in 4 second level Irish schools between September 2009 and June 2010. The schools involved were selected using a convenience sampling method to include two co-educational, one single-sex male and one single-sex female schools. Two 1st year (12 -14 year old) mixed ability mathematics groups from each of the four schools were randomly assigned as control and experimental groups and these made up a sample size of 177 students. In Part 1, the control group spent four classes revising the ‘Introduction to Algebra’ using the traditional textbook method. However the experimental group spent four classes revising using the teaching materials developed by the authors. Part 2 was based on the same strategy but on this occasion both groups revised ‘Equations’. Pre and Post statistical analysis was conducted to determine the enjoyment and achievement measures of both the control and experimental groups before and after the implementation of each part. These enjoyment levels were measured again in a post - delayed examination two months after the completion of Part 2. This was to determine whether any gains in enjoyment were maintained over a period of time. 

Figure 1. Timeline of Implementation


Each lesson in Part 1 and 2 was always solely delivered by the teacher who followed specific procedures from a ‘Teacher Guidelines’ handbook that they were provided with. This was to ensure consistency in the implementation of the intervention across the four schools so the validity of the study would not be threatened. 
3.1 Instrument Measuring Student Enjoyment
In order to gain a quantitative measure of student enjoyment it was decided upon the use of Aiken’s [16] Scale which is a subject specific mathematics scale used to measure the attitude of students. Aiken’s developed two scales of attitude towards mathematics. These are the ‘Enjoyment Scale’ and the ‘Value Scale’. According to Aiken [16,p.70] “the E scale is more highly related to measures of mathematical ability and interest” whereas “the V scale is more highly correlated with measures of verbal and general – scholastic ability”.  
It was decided that students would only be required to complete the E scale as measures of mathematical achievement, interest and enjoyment are the primary concerns of this research and the inclusion of the V scale would double the time taken to complete. The Enjoyment Scale[footnoteRef:1] consists of 11 statements assessing students’ attitudes to mathematics. Aiken worded approximately half of the items on each scale in the direction of a favourable attitude and the other half in the direction of an unfavourable attitude towards mathematics. Respondents were asked to indicate their level of agreement or disagreement with each item; 0 = strongly disagree, 1= disagree, 2 = undecided, 3 = agree, 5 = strongly agree. Scoring on negatively worded items was reversed (i.e. 0 = strongly agree, 1 = agree, 2 = undecided, 3 = disagree, 4 = strongly disagree). Thus a high score would indicate a more favourable attitude towards mathematics. The highest possible score on the Enjoyment Scale was 44. Such a quantitative measure was useful in recording any change in students’ enjoyment of mathematics before, during and after the intervention. The reliability of the Enjoyment Scale was analysed using Cronbach Alpha scores and indicated very good reliability (>.89).  [1:  Appendix A] 

3.2 Instrument Measuring Student Achievement: Diagnostic Examination
The authors drafted four diagnostic examinations, two for Algebra (pre and post revision) and two for Equations (pre and post revision). These diagnostic examinations each contained five short revision questions on the topic. The authors wanted the same level of difficulty in the pre and post-examinations to see what improvements, if any, had been achieved during the revision weeks. Hence there were only numerical changes between the two diagnostic examinations for Algebra and the two for Equations. The four examinations were drafted using the authors’ personal experiences as mathematics teachers. The questions were based on and similar to those provided in Irish 1st year mathematics text books and were procedural in nature with no context provided. 

For example: 
Pre–Algebra Diagnostic Examination, Question 3: Expand the brackets  
Post–Algebra Diagnostic Examination, Question 3: Expand the brackets 

Pre–Equations Diagnostic Examination, Question 3: Solve the equation: 
Post–Equations Diagnostic Examination, Question 3: Solve the equation: 

Each question on the diagnostic examination was coded as ‘1’ for a correct answer and ‘0’ for an incorrect answer. The highest possible score on any of the four diagnostic examinations was 5. Once drafted, the diagnostic examinations were piloted with two 2nd year (13 – 15 year old) mathematics groups in October 2009 to ensure the level of difficulty and length of each examination was appropriate. Both pilot groups had not yet started Algebra 2 so would have covered the same material as the final research sample. Following this piloting each examination was revisited and revised accordingly to make suitable adjustments regarding difficulty, wording of questions and length of examinations. This helped to increase the validity and reliability of the diagnostic examinations.
4. Results of the Study
The data collected from the five Enjoyment Scale and four diagnostic examinations consisted of responses from 177 students (87 in the control group and 90 in the experimental group). Each student’s background information was also recorded (age, gender, school attended and group). 38.7 per cent of the students were 12 years of age while 59.6 per cent were 13 years of age. The remaining 1.7 per cent of students were aged 14. As the schools participating in the study included one single-sex male school, one single-sex female school and two co-educational school, an even gender distribution was expected. Females however were in the slight majority making up 54.3 per cent of the sample. Missing data was also coded to account for any unanswered questions, cases in which two or more answers were circled or if a student was absent. 
4.1 Descriptive Analysis of Enjoyment Scale
The Enjoyment Scale was given to both the control and experimental groups at different times namely:
· Baseline Enjoyment Scale – This scale took place before the intervention began. The students had just finished studying algebra but had not yet revised it.
· Post-Algebra Revision Enjoyment Scale – This scale took place after the students had revised algebra for four lessons.
· Pre-Equations Revision Enjoyment Scale – This scale took place when the students had just finished studying equations but had not yet revised it.
· Post-Equations Revision Enjoyment Scale - This scale took place after the students had revised equations for four lessons.
· Post-Delayed Enjoyment Scale – This scale took place two months after the completion of the intervention.
[bookmark: _Toc280223619]
[bookmark: _Toc289347406]This descriptive analysis outline by Prendergast and O’Donoghue [15] found that there was no statistically significant difference between the mean enjoyment scores of the control and experimental groups before or after the intervention. However, the mean score of students in the experimental group increased from (M: 25.40; SD: 8.95) before the intervention to (M: 26.99; SD: 9.48) after the intervention.[15] The mean score of students in the control group remained relatively stable throughout, decreasing slightly from before the intervention (M: 26.84; SD: 8.39) to after the intervention (M: 26.48; SD: 10.10).[15]
4.2 Further Analysis of Enjoyment Scale
The aim of this study was to conduct further analysis and explore whether there were differences in scores based on student gender and whether students attended single-sex or co-educational schools. This analysis had to take into account the many factors that may have affected the changes in enjoyment. Such factors included the school type, group, gender and the baseline level of enjoyment of each student (i.e. each student’s initial level of enjoyment). A mixed design ANCOVA was conducted with repeated measures of enjoyment over time, independent factors of school type, group, gender and a covariate of baseline enjoyment was conducted. 
4.2.1 Group Effect
This analysis showed that there was a statistically significant effect for group, F (1,122) =7.08, p=.01. This is important because it shows that after adjusting for the effect of other variables, the enjoyment levels of the experimental group did have a positive statistically significant change in comparison to the enjoyment levels of the control group.


4.2.2 School Type Effect
There was also a statistically significant effect for school, F (3,122) =3.32, p=.02. The four schools that took part in the study included a wide range of school types;
· School 1: Single-Sex males school
· School 2: Co-educational school
· School 3: Single-sex females school
· School 4: Co-educational school

The difference between students of each school was evident in the baseline scale of enjoyment prior to the intervention taking place. As can be seen from Figure 2, students of School 1 (single-sex male) recorded a mean score of 32.36 out of 44. The nearest score to School 1 was recorded by students in School 3 (26.22 out of 44) (single-sex female). Thus the two top ranking schools in terms of students’ enjoyment of mathematics were both single-sex schools. 
Figure 2. Performance of Schools in Baseline Enjoyment Scale

4.2.3 Gender Effect
[bookmark: _Toc280223623]The effect for gender was not statistically significant, F (1,122) =1.37, p=.24. However, a look at the overall results for the four schools does offer some interesting findings in relation to gender and mathematics. In short, males tend to enjoy mathematics more. This was evident from every scale where males showed higher levels of enjoyment than females (see Figure 3). 


Figure 3. Performance of Gender in Enjoyment Scale


Independent samples t-tests were conducted on the scores of each Enjoyment Scale comparing the mean scores of males and females.
· Baseline Enjoyment Scale: t (168) = 2.29, p = .02 (two tailed)
· Post-Algebra Revision Enjoyment Scale: t (162) = 2.01, p = .05 (two tailed)
· Pre-Equations Revision Enjoyment Scale: t (166) = 2.64, p = .01 (two tailed)
· Post-Equations Revision Enjoyment Scale:  t (168) = 1.65, p = .10 (two tailed)
· Post-Delayed Enjoyment Scale: t (164) = 3.79, p  .001 (two tailed)

There was a statistically significant difference between the scores of males and females in four of the five scales. The only scale that was not statistically significant was the Post-Equations Revision Enjoyment Scale, where males still had a higher mean (27.76; SD: 10.34) compared to females (25.47; SD: 10.01). 
[bookmark: _Toc280223624]The authors checked these figures to determine if they had been affected by the high enjoyment scores of students in single-sex schools. Thus, a more specific examination of the findings took place which centred solely on the performance of both sexes in co-educational schools only. These generally proved consistent with the overall findings. Excluding the first scale (Baseline Enjoyment), males once again exhibited greater enjoyment on every scale (see Figure 4). Independent samples t-test found that the differences in scores were only statistically significant on the last scale (Post - Delayed) where males had a much higher mean (25.41; SD: 8.51) than females (21.72; 9.55) – t (61) = 2.09, p = .04 (two tailed). 
Figure 4. Performance of Gender in Enjoyment Scale (Co-educational Schools Only)

4.2.4 Baseline Effect
[bookmark: _Toc289347407]The baseline level is the measure of each student’s enjoyment at the start of data collection. It was used to compare initial levels of enjoyment with changes in response to the intervention. All students had different initial levels of enjoyment before the intervention began. Some students already had a high enjoyment level of mathematics. For example, three students scored 44 out of 44 in the first scale. Thus the intervention could not increase their enjoyment levels any further. However, other students’ enjoyment was very low to begin with. For example one student scored 4 out of 44. This analysis showed that there was a statistically significant effect for initial enjoyment level of each student, F (3,122) =7.60, p=.00. This suggests that the changes were dependent on where each student’s level of enjoyment started out. 
4.3 Descriptive Analysis of Diagnostic Examination
In addition to the measures of enjoyment, there were also four diagnostic examinations given to both the control and experimental groups at different times namely:
· Pre-Algebra Revision Diagnostic Examination – This took place before the intervention began. The students had just finished studying algebra but had not yet revised it.
· Post-Algebra Revision Diagnostic Examination – This took place after the students had revised algebra for four lessons.
· Pre-Equations Revision Diagnostic Examination – This took place when the students had just finished studying equations but had not yet revised it.
· Post-Equations Revision Diagnostic Examination - This took place after the students had revised equations for four lessons.

Independent samples t-test’s carried out by Prendergast and O’Donoghue [15] found that in each of the four diagnostic examinations there was no significant difference between the scores for the control and experimental group, although both groups show a statistically significant increase during each Part. In Part 1, the mean scores of students in the control group showed a statistically significant increase from pre revision (M = 2.50, SD = 1.64) to post revision (M = 2.86, SD = 1.68), t (82) = 2.72, p = .01.[15] There was also a statistically significant increase in the diagnostic scores of students in the experimental group from pre revision (M = 2.34, SD = 1.65) to post revision (M = 2.85, SD = 1.74), t (83) = 3.86, p<.001.[15]  In Part 2, the mean scores of students in the control group again showed a statistically significant increase from pre revision (M = 3.16, SD = 1.35) to post revision (M = 3.65, SD = 1.60), t (82) = 4.63, p<.001.[15] There was also a statistically significant increase in the diagnostic scores of students in the experimental group from pre revision (M = 2.91, SD = 1.62) to post revision (M = 3.60, SD = 1.41), t (84) = 5.03, p<.001.[15]  
4.4 Further Analysis of Diagnostic Examination
Similar to the Enjoyment Scale, the authors used this study to carry out further analysis on the Diagnostic Examinations. This analysis examined the school type and gender effect in more detail.
4.4.1 School Type Effect of Diagnostic Examinations
[bookmark: _Toc280223627]Similar to the Enjoyment Scale, differences were evident between the performances of students in each school in the diagnostic examinations (see Figure 5). 




Figure 5. Performance of Schools in Diagnostic Examination


The highest mean score of the study (3.84) was achieved in the post – equation revision diagnostic examination by students in School 3 which was a single-sex female school. The lowest mean score of the study (2.29) was achieved in the pre – algebra revision diagnostic examination by students in School 2 which was a co-educational school (see Figure 5). 

Further analysis of the diagnostic examination show that, although, none of the differences were statistically significant, males in single-sex schools had higher mean scores than males in co-educational (See Table 1) and females in single-sex schools had higher mean scores than females in co-educational schools (See Table 2). 
Table 1. Males Mean Diagnostic Scores in Co-educational and Single-Sex Schools
	
	Co-educational 
	Single-Sex 

	Pre – Algebra Revision Diagnostic Examination
	2.24
	2.62

	Post – Algebra Revision Diagnostic Examination
	2.71
	3.02

	Pre – Equations Revision Diagnostic Examination
	2.69
	2.85

	Post – Equations Revision Diagnostic Examination
	3.28
	3.67




Table 2. Females Mean Diagnostic Scores in Co-educational and Single-Sex Schools
	
	Co-educational 
	Single-Sex 

	Pre – Algebra Revision Diagnostic Examination
	2.46
	2.58

	Post – Algebra Revision Diagnostic Examination
	2.94
	3.02

	Pre – Equations Revision Diagnostic Examination
	3.08
	3.33

	Post – Equations Revision Diagnostic Examination
	3.77
	3.84


4.4.2 Gender Effect of Diagnostic Examinations
[bookmark: _Toc280223628]In the examination of results of the Enjoyment Scale, it was found that males showed higher levels of enjoyment than females. Interestingly when analysing the results of the diagnostic examinations with a specific focus on gender, there were some contradictory findings. While males enjoyed the subject more, females outperformed them on the diagnostic examinations. Such findings were standard throughout the intervention with females scoring higher than males on each of the four examinations (See Figure 6). These findings do not support the significant and strong correlation established in several studies between students’ attitudes towards mathematics and achievement.[17-19] Females outperformed males even though they enjoyed the subject less.
Figure 6. Performance of Gender in Diagnostic Examination


In a similar way to the analysis of the Enjoyment Scale, the authors were concerned that these figures may have been affected by the high performance of students in single-sex schools. Thus once again a specific examination of the findings took place which centred solely on the performance of both sexes in co-educational schools only. These again proved consistent with the overall findings with females scoring higher than males on every examination (see Figure 7). 
[bookmark: _Toc280223629]Figure 7. Performance of Gender in Diagnostic Examination (Co-educational Schools)

5. Discussion
5.1 School Type Effect
[bookmark: _Toc289174208]Despite Irish schools having a comparatively low ICC score (16.7 per cent) for mathematics, the evaluation of the Enjoyment Scale showed that there was a statistically significant effect for school. The findings showed that the two top ranking schools in terms of students’ enjoyment of mathematics were both single-sex schools. This is interesting as there has been much debate in mathematics education over the preference for single-sex or co – educational schooling. Ireland is unusual in a European context in that a large number of schools are still single-sex institutions at both primary and second level.[3] A study carried out by Close and Sheil [6] found that about 40 per cent of second level students in Ireland still attend single sex-schools. About half of all females in second level are in single-sex schools compared with about one-third of males.[7]
However, Ireland is beginning to conform to international trends and co – education is being actively promoted by the Department of Education and Skills [20] with the amalgamation of existing single-sex schools into co-educational schools. This may be more economically beneficial for the Government. Nevertheless, the question still remains as to whether this is more educationally beneficially. There are arguments for and against such moves in the literature. Hanafin [21] carried out a large study in Ireland on the gender effects of co-educational and single-sex schooling on examination performance. She concluded that the majority of students of both sexes, “express a preference for co-education”.[21,p.134] On the other hand, evidence that segregation of sexes in different schools leads to better mathematics education has also been reported as far back as 1967 by Pidgeon.[22] In this study Pidgeon found that for all students from the age of 13 up, males in single-sex schools had higher mathematics averages than males in co-educational, and females in single-sex schools were superior to females in co-educational schools.[22] In recent years single-sex schooling has received increased attention. A 2007 government backed review in the UK argued that males should be taught separately.[23] In addition Fryer and Levitt [24] have suggested that single-sex schooling might reduce the gender gap in mathematics. 
Varying explanations have been put forward to explain the benefits of single sex schooling. Recent studies have shown that teachers do not interact in the same way with females and males in co-educational groups.[3,20] An Irish study carried out by Lynch and Lodge [20] found that in the mathematics classroom, 57 per cent of interactions between the teacher and students were evenly distributed. However the remaining interactions were seen to favour male students. Such figures are supported by the work of Howe [25] who found that males are more likely to be in the interaction rich category while females tend more to be interaction poor. Research by Fennema [26] also found that females have many more days in which they do not interact at all with the teacher. Furthermore teachers have been found to provide more praise and encouragement for males than for females in co-educational mathematics groups [27]. These findings certainly underline the advantages of single-sex schooling particularly for females. Belenky et al. [28] argue that this learning environment gives females a space for themselves where their voices are heard and their ways of thinking and learning are acknowledged and valued. Such advantages are certainly evident from the results of the diagnostic examinations where the highest mean score (3.84) was achieved by students in School 3 (single-sex female school).

5.2 Gender Effect
The findings from the school type effect support the view that some form of a gender issue still exists in mathematics education. The results of the study show that females, whether in co-educational or single-sex schools, continuously achieved better scores on the diagnostic examinations. This conforms to the results of JC State Examinations (which examines students in the same age bracket as this study), where females have been consistently outperforming males since 1993.[4] However in the same report O’Connor [4] makes an interesting comparison to the results of the PISA studies (2003, 2006, 2009 and 2012) where Irish 15 year old males consistently outperform females. The differences between the national and international assessments may arise from the strong emphasis on the real-life problem approach to mathematics in PISA, which contrasts to a certain extent with the Irish emphasis on procedures, abstract concepts, and proofs.[4] This is backed up by a U.K study carried out by Brown, Brown and Bibby [29,p.12] where a typical response by females was “because I don’t feel maths is a natural skill - I have to learn it ‘by rote’ rather than completely understanding it”. Similar to the Irish JC mathematics examination, the diagnostic examinations used in this study were very procedural in nature with little emphasis on real – life or understanding. O’Connor [4] and Brown, Brown and Bibby [29] suggest that some students, particularly females, may perform better in such examinations while males prefer to apply their knowledge to solve real life problems. This may offer some explanation for the differences in performance between males and females.   
However, although out scoring their male classmates on every diagnostic examination, females still had lower levels of enjoyment on every scale. This is not an isolated occurrence. Lafortune and Kayler [30] performed a study in Quebec and noted that females had more negative attitudes towards mathematics even though they performed equally if not better than males. Other studies have found that males were more confident, enjoyed mathematics more than females and found it more useful.[14,31] These studies confirm the findings of PISA in Ireland which suggest that males have significantly higher levels of motivation, perseverance, self-efficacy, self-concept and have a greater openness to solving mathematical problems than females.[13] Female students on the other hand have significantly higher levels of anxiety about mathematics and self-responsibility for failure in mathematics.[13]
Many possible reasons for such negative female attitudes are cited throughout the literature. Mathematics has long been stereotyped as a male domain.[10,11] Opyene - Eluk and Opolot – Okurut [32] reported that mathematically capable females may fear that their achievement in mathematics will have a negative effect on their social relation with males. They may unconsciously allow themselves to be put off mathematics and feel that it is a subject to be endured, not enjoyed mainly because of social constraints [33] and a way of affirming femininity.[34] This is summed up best in a quote from an anonymous female in a study carried out by Burton [35,p.20): “it’s fashionable not to like math’s – when you’re at secondary school they think you’re weird if you like math’s……especially if you’re a girl”. Seegers and Boekaerts [36] also found that females have a tendency not to be comfortable in the mathematics classroom, particularly in co-educational schools (this may explain why students in the single-sex female school had a mean score of 26.22 in the Baseline Enjoyment Scale, while the mean score of females for the same scale in co-educational schools was 23.62). There is likely to be a competitive atmosphere present in co-educational classrooms with males displaying a higher level of ego orientation than females.[37] They try to assert their gender role identity of being superior and are more positive about personal aptitudes in mathematics.[38]
6. Conclusion
The main purpose of this research was to investigate whether students’ school type and gender had an influence on their enjoyment and achievement in mathematics. No student’s education should be disadvantaged by their gender or by the type of school they attend. A high achieving education system that Ireland aspires to must combine quality with equity.[39]
However the results of this study are in line with previous studies [4,13,29] which indicate that both gender and school type can have an effect on a student’s mathematics education. 
The analysis of the scores of both the Enjoyment Scales and diagnostic examinations revealed many discrepancies with regard to gender. With regard to student enjoyment, although out scoring their male classmates on every diagnostic examination, females still had lower levels of enjoyment on each scale particularly in co-educational schools. This is a result of underlying structural and personal barriers by which students, teachers and society perceive mathematics as a male domain.[29] With regard to student achievement, the findings of this study are in line with the results of national mathematics examinations in Ireland. Females in the early years of second level education are outperforming their male counterparts. However such findings are contradicted by the findings of PISA where 15 year old Irish male students consistently outperform their female classmates. Although reasons for this have been suggested more in-depth research is needed to determine why. 
The further analysis of the Enjoyment Scales found that there was a statistically significant effect for school type. The differences were on the basis of whether the school was co-educational or single-sex. Further research in this area is also needed as there are many contradicting studies. Some studies suggest that single-sex schooling can reduce the gender gap [24] while others suggest that there is no such evidence of this.[5] The Irish education system provides a unique opportunity for such research as there are still a large number of students attending single-sex schools.
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Students taught Algebra


Pre Algebra Revision Enjoyment and Achievement Measure


 Part 1 - Algebra Revision


Part 2 - Equations Revision


Post Algebra Revision Enjoyment and Achievement Measure


Students taught Equations


Pre Equations Revision Enjoyment and Achievement Measure


Post Equations Revision Enjoyment and Achievement Measure


Post Delayed Enjoyment Measure












Baseline Enjoyment Test	School 1	School 2	School 3	School 4	32.36	23.32	26.22	25.36	Males	Baseline Enjoy	Post-Algebra Enjoy	Pre-Equations Enjoy	Post-Equations Enjoy	Post-Delayed Enjoy	27.59	27.89	28.14	27.759999999999987	29.5	Females	Baseline Enjoy	Post-Algebra Enjoy	Pre-Equations Enjoy	Post-Equations Enjoy	Post-Delayed Enjoy	24.91	25.25	24.52	25.47	24.52	Males	Baseline Enjoy	Post-Algebra Enjoy	Pre-Equations Enjoy	Post-Equations Enjoy	Post-Delayed Enjoy	23.55	24.37	24.12	23.55	25.41	Females	Baseline Enjoy	Post-Algebra Enjoy	Pre-Equations Enjoy	Post-Equations Enjoy	Post-Delayed Enjoy	23.62	23.9	21.88	22.439999999999987	21.72	Pre-Algebra Revsion Diagnostic Test 	School 1	School 2	School 3 	School 4	2.62	2.29	2.58	2.4099999999999997	Post-Algebra Revision Diagnostic Test	School 1	School 2	School 3 	School 4	3.02	2.8699999999999997	3.02	2.79	Pre-Equation Revision Diagnostic Test	School 1	School 2	School 3 	School 4	2.8499999999999988	2.79	3.3299999999999987	2.9899999999999998	Post-Equation Revision Diagnostic Test	School 1	School 2	School 3 	School 4	3.67	3.4499999999999997	3.84	3.69	Males	Pre-Algebra Revision	Post-Algebra Revision	Pre-Equations Revision	Post_Equations Revision	2.4299999999999997	2.8699999999999997	2.75	3.48	Females	Pre-Algebra Revision	Post-Algebra Revision	Pre-Equations Revision	Post_Equations Revision	2.52	2.98	3.21	3.8099999999999987	Males	Pre-Algebra Revision	Post-Algebra Revision	Pre-Equations Revision	Post_Equations Revision	2.2400000000000002	2.71	2.69	3.2800000000000002	Females	Pre-Algebra Revision	Post-Algebra Revision	Pre-Equations Revision	Post_Equations Revision	2.56	2.94	3.08	3.77	20

