 ‘Students enjoyed and talked about the classes in the corridors’  
 Pedagogical Framework Promoting Interest in Algebra 
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Research suggests that there are two major reasons for the low numbers taking Higher Level[footnoteRef:1] mathematics in Ireland; namely, ineffective teaching and a subsequent lack of student interest in the subject. Traditional styles of teaching make it difficult for students to take an interest in a confusing topic in which they can see no immediate relevance. This is particularly true regarding the topic of algebra and its teaching in school. This paper describes a pedagogical framework designed by the authors for the effective teaching of algebra at lower secondary level in Irish schools that engages students, and promotes interest in the domain. This framework has provided the basis for the design and development of a teaching intervention that has been piloted in Irish schools. In this paper the authors focus on the design of the pedagogical framework and its use to develop classroom materials for a school based intervention. [1:  There are three levels of mathematics in the Irish school examination system 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.] 
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1. Introduction
Effective teaching is the backbone of any successful education system. Tarr et al. [1] assert that quality teaching is at the heart of quality education. This is backed up by the work of Sanders [2] and Wenglinsky [3] who argue that teacher effectiveness is the single biggest contributor to student success. There are many traits and skills that define an effective teacher. In addition to imparting valuable knowledge, effective teachers must also have the ability to harness student enjoyment and interest in their subject areas [4]. These are important qualities. Hidi and Harackiewicz [5] establish that the key to improving an individual’s academic performance lies in increasing the individual’s interest in the particular domain. This is supported by Hidi and Anderson [6] who argue that interest has a profound effect on students’ recollection and retrieval processes, their acquisition of knowledge, and their effort expenditure. With this in mind, the authors designed a pedagogical framework for the effective teaching of algebra at lower secondary level in Irish schools, with the aim of engaging with students and promoting interest in the domain. This paper describes the design of the framework along with the subsequent development, implementation and evaluation of a teaching intervention that was piloted in Irish schools.
2. Research questions
The main purpose of this research is to promote student interest in mathematics through effective teaching of the subject using the topic of algebra as an exemplar. With such purpose in mind, the following research questions were derived and helped guide each phase of research.
· What are the issues contributing to effective mathematics teaching that can stimulate and maintain student interest in topics at Junior Cycle level, for example the topic of algebra?
· What theoretical perspectives address such issues?
· How can such perspectives be integrated into a pedagogical framework that provides the basis for the development of an exemplar teaching intervention?
· How can such a teaching intervention be developed, implemented and evaluated?
3. Methodology
The authors decided to use a mixed method approach by combining both quantitative and qualitative methods of research. Qualitative researchers are interested in understanding the meaning people have constructed from their lived experiences [7]. Hence, qualitative methods of enquiry and analysis are more suitable when humans are the instruments of enquiry. This is why the authors decided on an intervention method of this nature. However, in order to evaluate the intervention a quantitative measure relating to the change in students’ interest is needed. Much research supports this integration of quantitative and qualitative research. The use of multiple methods reflects an attempt to secure an in-depth understanding of the phenomenon in question and allows for broader and better results [8].

4. Research design
The authors carried out the research in five main phases. The first phase began in October 2007 and the last phase was completed in October 2010. Phase 1 was a review of the current literature regarding the key issues underlying the study such as effective teaching, student interest and algebra. This phase ran concurrently throughout the study. Phase 2 involved the selection of theoretical perspectives and the design of a pedagogical framework. It was decided to field-test this framework through the development of an intervention for teaching algebra to 1st year (12 – 14 years old) students. The development of this intervention occurred in Phase 3 of the research. It was implemented and evaluated in Phase 4 and Phase 5 respectively. Each of the phases will now be described in more detail.
4.1 Phase 1: Review of literature
This broad review informed the future directions of the study and identified three key issues relevant to the research.  These were effective teaching, student interest and algebra.
4.1.1 Effective Teaching
In the U.S. the National Council of Teachers of Mathematics (NCTM) [9] identify that ‘the kind of experiences teachers provide play a major role in determining the extent and quality of student learning’. Despite such importance, research carried out by the National Council for Curriculum and Assessment (NCCA) [10] describes mathematics teaching in Ireland as procedural in fashion and highly didactic. There is a formal, behaviourist style evident that consists of whole class teaching and the repetition of skills and procedures demonstrated by the teacher [11]. This results in students learning the ‘how’ rather than the ‘why’ of mathematics. There appears to be little or no emphasis on students’ understanding the mathematics they are taught or indeed relating it to everyday life [12].
	To combat this there are many models, examples and illustrations throughout the literature on what constitutes effective teaching.  Swank et al. [13] created a model of effectiveness that was based upon teacher actions. For them, effective teaching meant more educational questions and less unproductive practices such as negative feedback. Million [14] classified effectiveness on the lesson design and method of delivery. Sullivan [15] related effective teaching to the ability to demonstrate knowledge of the syllabus and use a variety of teaching and learning methods. The end product of this was to noticeably increase student achievement. Although wide ranging, each of the characterisations certainly offer an insight into the intricacies of effective teaching and the importance of choosing appropriate pedagogical principles for the framework. 
4.1.2 Student Interest
Del Favero et al. [16] acknowledge that many studies have shown the energising function of interest in helping students to remember and understand material, and stimulate positive attitude towards a topic (Hidi, 1990; Mason & Boscolo, 2004; Schiefele, 1991, 1998). However, statistics released by the Programme for International Student Assessment (PISA) [17] show that less than half (48 per cent) of Irish 15 year old students agree that they are interested in the things they learn in mathematics. In addition only 32 per cent of Irish students declare that they look forward to their mathematics lessons, while only 33 per cent concur that they do mathematics for the enjoyment. The same study disclosed that over two-thirds of Irish 15 year olds ‘often feel bored’ at school while the Organisation to Economic Co – operation and Development (OECD) average for this is under 50 per cent [17].  This particular problem is related to ineffective teaching. Students are reluctant and unwilling to engage in a subject that they feel has little use or relevance to their own lives, for example the topic of algebra.
The issues that contribute to effective mathematics teaching link directly to the issues that can stimulate and maintain student interest in the subject as the teacher again plays an essential role. Helping teachers fulfil this role is an important part of this research. There are many recommendations offered throughout the literature. Firstly, it is important that teachers always demonstrate their own interest in the subject matter [18]. The next task for them is to engage their students in the topic. This can be done using certain aspects of the learning environment such as modification of teaching materials and strategies, and how tasks are presented [5]. For example, interest may be stimulated by presenting educational material in more meaningful context that illustrates the value of learning and makes it more personally relevant to students. Hidi [19] suggests other means to achieve interest such as selecting resources that trigger interest. These may include games, puzzles, hands-on activities and bright illustrated presentations depending upon the particular topic. However, while these actions can definitely trigger student interest many of them fail to maintain the student’s interest over time [20].
A study carried out by Mitchell [20] in the U.S. found that the two main factors in maintaining student interest over time are meaningfulness of task and student involvement. Meaningfulness refers to students’ perception of topics as meaningful to their own lives and the nature and degree of their understanding. Meaningfulness appears effective because content that is perceived as being personally meaningful to students is a direct way to empower students and hold their interest [20]. Involvement refers to the degree to which students feel they are active participants in the learning process. In Mitchell’s study, involvement also appears effective because when the process of learning is experienced as absorbing then that process is perceived as empowering to students and will therefore hold their attention [20]. Basically, students are more interested when they learn by doing as opposed to sitting and listening. 
Similar to empowering students through meaningfulness and involvement, Hidi and Harackiewicz [5] found that affording students more choice, or promoting perceived autonomy can promote individual interest. Del Favero et al. [16] also suggest that several forms of social interaction may also support the development of interest at various stages. This view is backed up by Hidi and Harackiewicz [5] who found that working in the presence of others resulted in increased interest for some individuals. Furthermore, Del Favero et al. [16] determine that problem-solving often can maintain interest by making students aware of inadequacies or inconsistencies of their previous knowledge of a topic thus encouraging further exploration of concepts and ideas. 
4.1.3 Algebra
There are many reasons for choosing algebra as the framework topic. Despite its importance, many problems remain in the teaching and learning of the domain. Artigue and Assude [21] suggest that many students see algebra as the area where mathematics abruptly becomes a non-understandable world. This view is not a new phenomenon. As far back as 1982, the Cockcroft Report in the U.K identified algebra as a source of considerable confusion and negative attitudes among students. Herscovics and Linchevski [22] found that many students consider algebra an unpleasant, alienating experience and find it difficult to understand. Evidence of this confusion can also be found in Irish classrooms. Algebra was identified as an area of difficulty at courses for mathematics teachers in an Irish study carried out by McConway [23]. In addition, Chief Examiner’s reports [24] have identified algebra as an area of weakness in national examinations over the past number of years. According to these reports, Irish student performance in algebra has shown little or no progress in the last ten years. Questions related to algebra are often the lowest scoring questions or continually avoided. On such evidence, it is clear that although algebra has long enjoyed a place of distinction in the mathematics curriculum many students have difficulty in understanding and applying even its most basic concepts. 
Perhaps the biggest issue that can contribute to effective mathematics teaching for interest in the topic of algebra is to provide understanding and purpose to the abstract theory. Despite the topic’s obvious importance students are unable to see the everyday use of algebra in their own lives [5]. They are unlikely to see their parents solving equations or rewriting expressions. In fact, they are unlikely to see anyone around them use such algebraic manipulations [25]. Thus, it is very difficult for students to take an interest in a topic in which they can see no immediate relevance. This is the challenge facing the framework. In the effective teaching and student interest sections different methods aimed at making learning more meaningful and interesting were proposed. Such methods aim to provide a purpose and to bring a more concrete understanding of algebra to students. Other methods proposed such as the use of quizzes and games can provide a purpose to the algebraic activity for the students and help relate the topic to their everyday lives, while not neglecting the rules and procedures or mathematical constraints.
4.2 Phase 2: Selection of Theoretical Perspectives and Design of Framework
The second phase of the research design involved the selection of theoretical perspectives and the design of a pedagogical framework. The extensive literature review carried out in Phase 1 informed the research and identified three theoretical perspectives, one for each of the main domains on which this study is based.  These areeffective teaching, student interest and algebra. The theoretical perspectives are pedagogical principles based on social constructivism, a model for conceptualising algebraic activity and a model of interest development. Each of the theoretical perspectives underpin the research and are integrated in the design of a pedagogical framework for teaching algebra to children 12 – 14 years old. 

4.2.1 A Model for Conceptualising Algebraic Activity
Figure 1: Kieran’s [26] Model of Algebraic Activity


In 1996, Kieran developed a model for conceptualising algebraic activity that identified three important components of school algebra; namely,
· Generational activities: These are activities where students generate their own rules, expressions, or equations from given situations. 
· Transformational activities: These are often referred to as rule-based activities and require an appreciation of the need to adhere to well-defined rules and procedures.
· Global / meta level activities: These activities apply to all of mathematics and are not exclusive to algebra. For example finding the mathematical structure underlying a situation, being aware of the constraints of a problem situation and explaining and justifying.
Kieran’s model suggests that teachers must place emphasis on each particular activity when teaching school algebra. This model is the most appropriate for this study because in Irish classrooms transformational activities dominate. Algebra is a paper and pencil activity involving the following of rules and procedures. Each day of instruction is textbook led and focuses on a particular type of manipulation. For example one of the main Irish textbooks starts by introducing the concept of a variable, followed by the notion of algebraic expressions and substitutions, and then equations are presented. This structure  belongs to a curriculum that considers algebra as a series of skills to be mastered [25]. A minimalist approach to algebraic sense making takes place and competence in the subject is determined by the ability to memorise procedures.  
Thus, the objective for the framework based on Kieran’s model is to find a balance between algebraic activities. The model acknowledges that each activity is important and teachers must place emphasis on each particular type.  There must be a shift from traditionally taught classes but not to one which completely bypasses symbol manipulation and rule based procedures. Techniques and conceptual understanding must be taught together rather than in opposition to each other. Students must also be provided with purpose and that which encourage them to seek reasons for why something works while not neglecting mathematics constraints and structure. Kieran’s model for algebraic activity influences the design of the framework in relation to algebra. However, a different model is needed for interest development.
4.2.2 A Four Phase Model of Interest Development
The review of interest in the literature identified two related types of interest. These are situational interest and individual interest. Situational interest is a relatively temporary reaction and plays an important role in the early periods of learning. Something about the topic or environment grabs the student’s attention and urges them onwards. Thus, the activities and resources in the early stages of an intervention must be aimed at stimulating and maintaining situational interest in students. However, over time and certainly in the latter stages of the intervention individual interest must be catered for. With this in mind the authors have chosen a model proposed by Hidi and Renninger [27] to support interest development in their framework. This model builds on the work of Krapp [28] in which the notion of general stages of interest development was discussed and expanded. Hidi and Renninger [27] propose a four stage model that identifies situational interest as providing a basis for an emerging individual interest. Both situational and individual interests have been described as consisting of two stages. Situational interest involves a stage in which interest is triggered and a subsequent stage in which interest is maintained [19]. In individual interest, the two stages include an emerging individual interest and well-developed individual interest [27]. The proposed four-phase model as denoted by Figure 2 integrates these conceptualisations. 
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Figure 2. Hidi and Renninger’s [27] Model of Interest Development

Hidi and Renninger’s model provides a structure for the framework in which each student’s interest can be stimulated, nurtured and maintained throughout the intervention. The four stages are considered to be separate and sequential, where students can progress from one stage to the next when interest is supported and sustained. Conversely, if not supported, students’ interest can become inactive, retreat to a previous stage, or disappear altogether [27]. Differing levels of knowledge, effort and self-efficacy have been found to typify each stage of interest development [27].  Hence, in a class of thirty, one is unlikely to be able to characterise all students in the same stage. Teachers must be aware that in one particular lesson they may encounter students who have no personal interest in the topic and also students who are very passionate about the topic. The four stages proposed by Hidi and Renninger acknowledge this and suggest teaching strategies and tasks that can support students’ interest whether they are in the first stage or the last stage. Thus, Hidi and Renninger’s model for interest development is integrated into the design of the framework. However, pedagogical principles also need to be incorporated.
4.2.3 Pedagogical Principles
The main purpose of effective teaching is for learning to occur [29]. Therefore pedagogical principles must be congruent with the theory of learning to which they subscribe [30]. Hence, the authors decided to consider three well-known and individually contrasting learning theories.  These arebehaviourism, social learning theory and social constructivism before considering pedagogical principles. Each of these learning theories differs sharply from the other. Behaviourism focuses on modifying behaviours that will lead to learning and is the approach used in many traditional classrooms. It stresses practices that emphasis rote learning and the memorisation of formulas, single solutions, and adherence to procedures and drills. However, social learning theory determines that learning can occur without a change in behaviour. The theory considers that people learn within a social context that is facilitated through concepts such as modelling and observational learning. Social constructivism on the other hand contrasts with this. It posits that learners actively construct their own knowledge and the teacher merely acts as a facilitator in the classroom. Each of these theories foreshadow approaches that are important to develop in order for learning to occur. Indeed, aspects of each are needed in every learning experience as no one method serves all of the students in a class successfully. Some individuals like representations and visualizations or some prefer formulae and variables and again others like something in between representations and formulae [31]. However, the authors felt that the learning theory that best served the needs of this intervention was social constructivism. Current styles in Ireland rely too much on rote learning followed by the repetitive practice of skills and procedures. This behaviourist style of learning is undoubtedly needed to some extent in mathematics along with elements of the social learning theory such as self-control and self-regulation. However, the social constructivist learning approach provides an opportunity for students to understand and develop an interest in the material as opposed to memorising for the purpose of attaining good grades. Thus the pedagogical principles for the framework must be congruent with the social constructivism theory of learning. 
[bookmark: _Toc289347373]Theories of learning are descriptive rather than prescriptive [30]. They tell us what happens after the fact.  Pedagogical principles on the other hand attempt to set forth the best possible means of leading the student toward the fact. Social constructivism at its broadest gives recognition and value to new instructional strategies in which students are able to learn mathematics by personally and socially constructing mathematical knowledge [32]. Essentially, students are encouraged to form new understandings of mathematics using analysis of their existing ones. These understandings depend on the way the learner interacts with situations, beliefs, attitudes, and previous experiences. Learners using this approach tend to look for similarities and differences within their own experiences as they encounter new situations. Hence, social constructivist teaching strategies include more adaptive, experiential and reflective learning activities such as problem solving, group work and also elements of discovery methods of teaching. These will be the main instructional practices on which the framework will be based. However, particular pedagogical principles that subscribe to the learning theories of behaviourism and social learning will also be evident in many, if not all, of the lessons. Transformational activities of algebra are primarily rule and procedural based and are often taught best using behaviourist teaching strategies such as ‘drill and practice’ and whole class teaching. The framework will also include some instructional practices that subscribe to the social learning theory such as scaffolding as well as providing students with the opportunity to display traits of self-regulation and self-control. 
4.2.4 Integrating the Theoretical Perspectives into one Framework
Figure 3: Integrating the Theoretical Perspectives into one Framework

The literature review detailed in Phase 1 allowed the authors to develop a better understanding of the issues contributing to effective mathematics teaching that can stimulate and maintain student interest in the topic of algebra. Furthermore, it helped the authors identify concerns within each domain and suggested strategies for the framework on how best to overcome them. Such strategies helped identify three theoretical perspectives each of which has something special to offer. The challenge then for the authors was to combine these perspectives into a viable, integrated framework. 
The main aim of the framework is to promote student interest in algebra through effective teaching. Hidi and Renninger’s [27] model provides a structure for the framework in which each student’s interest can be stimulated, nurtured and maintained over time. They propose four stages of interest development and suggest teaching strategies and tasks that can support students’ interest whether they are in the first stage or the last stage. Many of these teaching strategies and tasks coincide with the chosen pedagogical principles. For example, Hidi and Renninger’s [27] model suggest that situational interest in students is best stimulated and maintained through the meaningfulness of tasks and their personal involvement in hands on activities. Such strategies coincide with a social constructivist approach to teaching, incorporating problem solving (meaningfulness of tasks) and group work (personal involvement). Furthermore, integrating Hidi and Renniger’s [27] model of interest development and the pedagogical principles of social constructivism, allows students to constantly build on their interest and knowledge in unison from lesson to lesson. Students will specifically be building upon their algebraic knowledge which is the focus of the third theoretical perspective. Kieran’s [26] model for conceptualising algebraic activity determines that there are three important components of school algebra. These are generational activities, transformational rule-based activities and global/ meta-level activities. Each activity is important, thus the framework must place emphasis on each particular type. The main focus of Kieran’s [26] model is promoting understanding and providing purpose to the rule based activities of algebra. Such endeavours tie in closely with the pedagogical principles of social constructivism and also overlap with the model of interest development where the meaningfulness of tasks is important. 
Any educational intervention developed from this framework must firstly trigger student’s situational interest before maintaining it and nurturing it through Hidi and Renninger’s [27] stages. This can be done through effective teaching of the subject with a focus on the pedagogical principles of social constructivism. These principles include strategies such as group work and problem solving and also must place emphasis on the different activities of algebra [26]. It is evident that the three theoretical perspectives overlap and interlink with each other and share many similar characteristics. A more specific example of how the framework works will be provided in the next phase where the development of the intervention is detailed and the role of the framework and each theoretical perspective is highlighted.
4.3 Phase 3: Development of Intervention 
The intervention was developed in Phase 3 of the research as an algebra revision package for 1st year (12 -14 year old) students. The framework played an important role in the development phase. Every lesson was developed using activities and content that relate to the framework and each theoretical perspective played an important role. In addition to these perspectives the authors used the internet when brainstorming for innovative lessons and several mathematics textbooks to guide the difficulty level of the content. The help of participating teachers was also central to development.
In some cases one aspect of a particular theoretical perspective dominated a lesson. However in other cases different aspects of each perspective were combined in one lesson or in different parts of one lesson. An example of this occurred in Lesson 1 of Stage 1. The main aim of the first lesson was to revise the main aspects of the ‘Introduction to Algebra’ and to stimulate students’ interest in the topic of algebra. The broad range of these aims proved difficult in the design of the lesson. On one hand the lesson had to revise many different transformational aspects of algebra such as substitution, adding and subtracting algebraic terms and removing brackets. On the other hand the lesson had to engage with students and trigger interest for those who had no previous personal interest in the topic (Stage 1 – trigger situational interest). The lesson also had to engage with students who may have had some previous interest in the topic (Stage 2 – maintain situational interest). It was not anticipated that any students would have yet developed an individual interest in the domain as the topic was still relatively new. 
In order to revise each of the main aspects in one lesson, a large amount of whole class teaching involving the revision of different algebraic terminology and techniques was decided upon. Such activities are largely transformational (rule based) in nature and bear the hallmark of a behaviourist teaching approach. However, throughout the lesson a conscious effort was also made to allow students to build upon their previous knowledge of arithmetic and construct their own knowledge and understanding of algebra (social constructivism). They were encouraged to consider the differences between arithmetic and algebra (for example why we need different methods to simplify arithmetic and algebraic expressions), what the purpose of algebra is and why algebra is so important. 
Additionally, with the purpose of stimulating student interest, it was decided that the lesson be taught through the use of an innovative PowerPoint presentation, many aspects of which had the ability to grab the students’ attention such as the use of Information and Communications Technology (ICT), animations and colourful presentation. The PowerPoint presentation also included links to web games, humour and references to student hobbies where possible. Research also suggests that the inclusion of historical data can stimulate interest amongst students [33]. Hence, a brief account of the origins of algebra was presented through a short YouTube clip along with an illustration of the first true algebra text still in existence. Comparisons were made between symbols used today and those used thousands of years ago. 
Finally, in order to stimulate and maintain further student interest and indeed further student understanding, it was decided to include a second activity that linked ‘magic’ to mathematics. Students were asked to think of a number. They were then asked to work through the ‘steps of the magic procedure’ using this number. They also had to write expressions for the process using their number as well as calculating the intermediate results. For example, think of a number: 7; add 5: [7+5]; multiply by 3: 3[7+5]; subtract 3: 3[7+5] - 3; divide by 3: [7+5] -1; subtract original number: [7+5]-1 -7.  This results in 4.  Groups of students were then able to compare their ‘algebraic’ expressions by following the same pattern with different starting numbers and they could then see how algebra generalised their thinking. This was a very appealing and engaging activity for students that had the ability to trigger and indeed maintain situational interest in algebra depending on the individual. It involved both generational and global /meta level activities to algebra and also incorporated different pedagogical principles such as directed discovery and experimentation (social constructivism) both of which take place in a social context (social learning theory). Hence, the influence of each theoretical perspective was evident throughout the lesson. 
This is an example of one lesson developed from the framework. Eight forty minute lessons were developed in total. The teaching materials were presented as a revision package for 1st year algebra and comprised of two Parts.  Part 1 consisted of four lessons revising Algebra 1 (variables, substitution, expansion of brackets) while Part 2 consisted of four lessons revising Equations.
4.4 Phase 4: Implementation
Once the development phase 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. However, the sample size of 177 students encompasses a wide the range of school types (mixed, single sex, Secondary, Community, Catholic, rural and urban) that gives credibility to the findings in a more general case. Two 1st year (12 -14 year old) mixed ability mathematics groups from each of the five schools were randomly assigned as control and experimental groups. In Part 1, the control group spent four classes revising the ‘Introduction to Algebra’ using the traditional textbook method. However, the experimental group revised 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 interest levels and ability of both the control and experimental groups before and after the implementation of each part. These interest levels were measured again in a post - delayed test two months after the completion of Part 2. This was to determine whether any gains in interest were maintained over a period of time.

Figure 4. 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 so the validity of the study would not be threatened. 
4.4.1 Instrument Measuring Student Interest
In order to gain a quantitative measure of student interest many possible options were considered. Established scales for assessing attitudes and individual/situational interests are available in most subject areas (chemistry – SOSC; reading – Estes Scale). The Educational Testing Service also has a number of books that have bibliographies listing available measures of student attitude towards school. Included among these are self-report, paper and pencil instruments and observation instruments. Despite the advantages of many of these methods the authors wanted a mathematics specific scale. Mitchell’s [20] Scale of Interest was considered. However, the scale is very long (39 statements) and there was also a fear that some of the statements would make participating teachers feel that their teaching was being judged. Hence, it was decided upon the use of the use of Aiken’s [34] 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 arethe ‘Enjoyment Scale’ and the ‘Value Scale’. According to Aiken [34, 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”. There are four statements on the E scale which may be linked directly to student interest;
2: Mathematics is enjoyable and stimulating to me.
4: I am interested and willing to use mathematics outside school and on the job.
9: I am interested and willing to acquire further knowledge of mathematics.
11: Mathematics is very interesting, and I have usually enjoyed classes in the subject.
Hence it was decided that students would only be required to complete the E scale as measures of mathematical ability and interest are the primary concerns of this research and the inclusion of the V scale would double the time taken to complete. The Enjoyment scale consists of 11 statements assessing student attitudes to mathematics. Respondents were asked to indicate their level of agreement or disagreement with each item allowing the authors to gain a quantitative measure of the change in student interest and enjoyment of mathematics during and after the intervention.
4.4.2 Instrument Measuring Student Ability: 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 a mathematics teacher along with the help of teachers in the four participating schools. The guidance of a number of 1st year mathematics textbooks was also invaluable, along with some worthwhile research in the area. The four diagnostic examinations were also piloted with two 2nd year (13 – 15 year old) mathematics classes in October 2009 to ensure level of difficulty and length of each examination was appropriate. Both pilot classes 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.
4.4.3 Instrument Measuring Teacher Acceptability towards Intervention 
Throughout the intervention teachers of the experimental group (N=4) were asked to complete a journal to reveal their opinions and outlook on the effectiveness of the teaching materials. These journals were collected after each part. Teachers were asked questions to rate each part of the intervention and also rate the overall intervention using a five point Likert scale. The teacher journal also acted as an instrument for the collection of qualitative data. At the end of each lesson three open ended questions were asked of teachers along with an option for further comments. The three questions were the same for each lesson:
· Do you think the lesson was successful in stimulating student interest in the topic?
· Did the lesson help students develop an extended understanding of the topic?
· What is your opinion on the teaching methods employed in the lesson?
It was hoped that the use of such open ended questions would allow for truer and more flexible assessments of what the teachers really felt about the intervention.
4.5 Phase 5: Evaluation
[bookmark: _Toc289347402]The fifth and final phase concerns the evaluation of the intervention. A central component of any intervention is its evaluation. There are four key parameters, outlined by Shapiro [35], by which intervention research can be evaluated. These are not concerned with how the change is brought about but with establishing the boundaries of effectiveness or the relevance to practice. The four parameters outlined by Shapiro [35, p.290] are treatment effectiveness; treatment integrity; social validity; and treatment acceptability. Each of these will now be considered in more detail with specific attention paid to this intervention.
4.5.1 Treatment Effectiveness
The degree of effectiveness of the intervention is essentially a quantitative measure related to the amount of change or improvement evident among the experimental group, ideally in comparison with a control group who have not experienced the intervention. The randomly assigned control and experimental groups were selected to be similar in their mix of ability and were taught for the same length of time while the students were tested to distinguish improvements or change. Such tests involved attitude and diagnostic measures which were analysed. The data consisted of responses from 177 students (87 in the control group and 90 in the experimental group). Each student’s background information was recorded (age, gender, school attended, teacher and class). Each statement on the Enjoyment scale was coded to indicate students’ level of agreement or disagreement with each item. The highest possible score on the Enjoyment scale was 44. In addition, 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. 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. The reliability of the Enjoyment scale was analysed using Cronbach Alpha scores and indicated very good reliability (>.89). 
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Descriptive Analysis of Enjoyment Scale
[bookmark: _Toc280223619]The Enjoyment Scale was given to both the control and experimental groups at five different times throughout the study, before and after Part 1 and 2 and also two months after the completion of the intervention (during this interval, the experiment and control groups were taught mathematics lessons as normal, under no research instructions, by their respective teachers). Descriptive analysis 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. 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).


Figure 5. Means of Five Enjoyment Scales


A paired – samples t – test did find that there was a statistically significant increase in the Enjoyment scores of students in the experimental group before and after Part 1 of the intervention (t (83) = 2.5, p = .01).  However, it must be noted that the mean score of students in the experimental group did drop marginally between Part 1 and Part 2 (from M: 26.23; SD: 9.52 to M: 25.79; SD: 9.56) when customary methods of teaching and learning would have once again been employed. This suggests that for the majority of students their interest was still externally supported and remained at a situational stage (Stage 1 or 2 of Hidi and Renninger’s model). Nevertheless, the mean scores did not drop in the post - delayed scales suggesting that students now had a more self-generated interest and enjoyed a more stable disposition towards the subject (Stage 3 or 4 of Hidi and Renninger’s model).

[bookmark: _Toc289347407]Descriptive Analysis of Diagnostic Examination
As mentioned previously, in addition to the measures of enjoyment, there were also four diagnostic examinations given to both the control and experimental groups pre and post each part of the intervention. With regard to the algebra revision in Part 1, a paired – samples t – test was conducted and found that there was a statistically significant increase in the diagnostic scores of students in the control group from pre revision (M = 2.50, SD = 1.64) to post revision (M = 2.86, SD = 1.68), t (82) = 2.72, p = .01.  A second paired – samples t – test found that 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.  
With regard to the equations revision in Part 2, a paired – samples t – test was conducted and found that there was a statistically significant increase in the diagnostic scores of students in the control group from pre revision (M = 3.16, SD = 1.35) to post revision (M = 3.65, SD = 1.60), t (82) = 4.63, p<.001. A second paired – samples t – test found that 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.  
[bookmark: _Toc289347409]Independent samples t-test’s found that in each of the four diagnostic examinations that there was no significant difference between the scores of the control and experimental group. This analysis shows that students in the experimental groups learned just as much as those in the control group using fun and innovative methods of teaching. This is promising as teachers are often reluctant to adopt new practices or procedures unless they feel sure they can make them work [36]. 
4.5.2 The Integrity of the Intervention
This integrity is related to the extent to which the intervention is actually executed in the manner prescribed in the documentation. This is of utmost importance to ensure that the intervention can be implemented with replicable results [35] and it is greatly influenced by the validity of the study. A ‘Teacher Guidelines’ handbook was provided to each participating teacher to ensure the intervention was implemented with adherence to the same procedures across all schools. Further threats to the validity of this study were minimised at the design stage by adhering to a number of points such as choosing an appropriate time scale, ensuring availability of resources for the research to be undertaken, selecting and devising appropriate instruments for the collection of data, having specific time periods between the pre, post and post - delayed examinations, and matching control and experimental groups fairly. Each of these points ensured that the intervention was executed in the same manner in each school thus ensuring reliability and the integrity of the intervention. 
[bookmark: _Toc289347410]4.5.3 Social Validity of the Intervention
Social validity is defined as ‘the evaluation of the intervention’ by the participants [35, p.293]. Teachers were also asked questions to rate each phase of the intervention and also rate the overall intervention. These findings from the teachers’ journal indicate that overall teachers found the intervention a very worthwhile successful initiative that helped students to develop an interest and understanding of school algebra and facilitated student learning. Encouragingly, the majority feel that they would use the teaching materials when revising algebra again and also expressed a wish for similar teaching materials for other topics in mathematics.
4.5.4 [bookmark: _Toc289347413]Intervention Acceptability
This is closely related to social validity but is a measure of the degree to which participants receiving or giving the strategy like the intervention procedures. Based on the findings regarding the ‘social validity’ of the intervention, the ‘likeability’ rating of the intervention among the cohort was extremely high. This is particularly evident from qualitative data obtained from the completion of the journal by teachers of the experimental group (N=4). The identity of each of the teachers was coded when analysing the data, for example T1: Teacher of experimental class from School 1. 
One of the main aims of the framework was to stimulate and promote student interest in mathematics; T4: They were really interested and spoke about it at length on the following day (Phase 2 – Lesson 3). It was hoped that such interest would evolve into a cyclical series leading to further enjoyment in the subject; T2: Students enjoyed and talked about the classes in the corridors! (Further comments – Overall). As well as promoting student interest and enjoyment it was also very important for the intervention to promote student understanding in mathematics;  T1: It helped them have an understanding of the purpose of equations and what the equation was asking of them (Phase 2 – Lesson 1). Another theme which emerged from teachers’ comments is how the intervention helped students to become more actively involved in lessons; T3: Interactive methods in which the students were involved throughout (Phase 1 – Lesson 2). In keeping with the pedagogical principles it was also important that the teaching intervention incorporated a variety of teaching approaches and was not restricted to one particular manner; T2: Different (approaches), shows that maths can be learned in creative ways outside the classroom (Phase 1 – Lesson 4). In addition to commending the suitability of the material (T3: Each question was relevant and challenging (Phase 2 – Lesson 4)), teachers were also impressed with the many practical, relevant and real life contexts provided. This allowed the teacher to place the theory in a very practical setting in which students could relate content to their own lives, thus increasing understanding; T4: They could see how it could be used in everyday life. Before this it was just another chapter in the maths book (Phase 1 – Lesson 2). However, while the majority of the feedback suggested support for the intervention some suggestions were made for improving the teaching materials. The majority of these focused on the need for more activity on the part of the student and more examples particularly in Lesson 1 of each part; T5: They did not ‘do’ enough maths (Phase 2 Lesson 1).

Thus it can be concluded that the evaluation of the intervention based on the four key parameters outlined by Shapiro [35] reached a successful conclusion. The analysis of the intervention using the Enjoyment Scale leads to the conclusion that a positive change in the interest of students in the experimental group did occur. Although these changes are small ‘even slight improvements in the average can positively affect millions of students’ [37, p.12]. The analysis of the intervention using the diagnostic examination shows that students in the experimental group learned just as much as those in the control group while enjoying the subject more. The integrity of the intervention was maintained through the validity of the study and ensuring that the intervention was executed in the same manner in each school. The reviews from the teachers’ journal indicate that overall teachers found the intervention a very worthwhile successful initiative which helped students to develop an interest and understanding of school algebra and facilitated student learning. Although this was not confirmed by statistical analysis the authors believe that a longitudinal study is needed to implement a longer intervention and this would show that the key to improving an individual’s academic performance lies in increasing the individual’s interest.
5. Discussion and Conclusion
This framework combines three theoretical perspectives in order to promote student interest in mathematics through effective teaching, using the topic of algebra as an exemplar. Each of these are issues of concern in present day mathematics education, both from an Irish and an international perspective. For example, Hidi and Harackiewicz [5] ascertained that interest has a powerful effect on student academic performance. Sanders [2] and Wenglinsky [3] asserted that effective teaching is the single biggest contributor to student success. Lastly, MacGregor [38] acknowledged that algebra is a prerequisite for the study of mathematics and indeed many forms of further education and employment. However, despite the recognised importance of the three domains many problems remain in relation to each. For example, fifty two per cent of Irish students are not interested in things they learn in mathematics [17]. Problems regarding effective teaching make up the main concerns in mathematics education nationally and internationally [10, 39] and to compound matters, algebra is seen as an area where mathematics abruptly becomes a non-understandable world [21]. In view of the importance of each of these domains, the manner in which this integrated framework addresses these concerns is significant. The successful field testing of the framework showed a statistically significant increase in the Enjoyment scores of students in the experimental group before and after Part 1 of the intervention. This is evidence that positive changes in student attitude can occur through the appropriate design and development of innovative teaching materials that are supported theoretically. These teaching materials can improve the teaching and learning of mathematics in Ireland. This is an important educational aim of the Irish Government at present and is stressed in the work of ‘Project Maths’[footnoteRef:2] and the National Centre for Excellence in Mathematics and Science Teaching and Learning (NCE-MSTL). This framework contributes to and supports the work of both initiatives by providing teaching materials that coincide and overlap with their aims and objectives. The framework is also portable and could be adapted to promote interest in many different topics of mathematics. The models used for effective teaching and interest development are extremely flexible and could be used with other topic specific theoretical perspectives. This has implications for further studies in which the authors would like to conduct further research and adapt the framework to promote student interest in several different mathematical topics in Irish second level schools. [2:  ‘Project Maths’ is a major education initiative currently underway in Ireland which involves the introduction of revised syllabuses for both Junior and Leaving Certificate Mathematics. It involves changes to what students learn in mathematics, how they learn it and how they will be assessed.] 
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