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Abstract: The role of differential equations (DEs) is very important in the modern technologies to inter-relate and solve a variety of routine or daily life problems. Several approaches
have been developed and more are being developed to make DEs course more effective and valuable. However, a limited work is available that may enable the comparison of these
methods. Therefore, in this study, articles for a 19-year period, from 1996 to 2015, have been critically reviewed and analyzed. Five main categories including, algebraic, graphical,
numerical, technological and inquiry oriented based approaches have been identified and compared. Algebraic based approaches are based on the several steps to solve the DEs
analytically, while graphical methods are the qualitative in nature, used to analyze either a graph or direction fields to solve a DE problem. Numerical methods offer the solution of DEs
through appropriate approximations. Recently development in the technology has integrated these three categories into single approach. Inquiry oriented based approaches have further
added the positive effect of environment, epistemological and motivational beliefs on the DEs learning. This study will open new avenues related to DEs learning and will enable to
indicate the potential area in which the further research is required.
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1. INTRODUCTION:

Differential equations (DEs) have an essential role in mathematics and have been at the center of calculus for centuries. The study of differential equations started in the late 17th century with
Sir Isaac Newton, who sought information about motion of planets indirectly through the analysis of rate of change equations (Rasmussen et al., 2000). The concept of DE is used to model and
understand real life problems. Therefore, these provide opportunities to formulate the application of phenomena from other discipline of science and social science fields such as Physics,
Astronomy, Biology, and Economics.

Teaching and learning of differential equation is the most difficult part of the mathematics course, particularly at pre-university level. This is because, the topic of differential equation along
with differentiation and integration is introduced first time at 12" year of study, and the students have no previous knowledge and understandings of this topic (Rehman et al., 2012). In
addition to it, students’ special attention, efforts and learning strategies are required to solve problems containing differential equations, particularly non-routine problems because these
problems are typically concerned with unanticipated, unusual, and strange solutions (Polya, 1981; Rehman et al., 2012).Even talented calculus problem solver sometimes became unable to
solve these non-routine problems(Dawkins et al., 2014). So it is common for students to avoid the essential part of mathematics, which leads to sever understanding problems at higher levels
of education, when they correlate the real life problems.

From the teaching point of view, most important aspects of the recent studies in mathematics education were to find competent strategies for teaching differential equation course. Within the
case of differential equation, various kinds of scheme have been come out to deal with the concepts related to them(Raychaudhuri, 2008). Generally, three different approaches (algebraic,
numerical and graphical) are employed to solve differential equations (Arslan, 2010b; Artigue, 1989). In traditional differential equation teaching and learning, algebraic approach
predominates, while recently, graphical and numerical approaches are more emphasized to facilitate the conceptual learning of differential equations.

In a traditional differential equation environment, Selahattin (2010b) reported that nature of students’ learning is procedural and is restricted to mastering and applying a few algebraic
techniques. Artigue (1989) supported these results in a sense, so as to learner do not have understanding of differential equation concept (Boyce, 1994; Rasmussen, 2001). The main difficulties
that students found when handling the algebraic based solutions of differential equations are related to the unsuitable choice of the method of solution or an incorrect process of integration
(Camacho-Machin et al., 2012b).
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Graphical based solutions are considered as qualitative approach and show the real understandings of the students. However, in graphical based solutions, different functions such as linear,
exponential, and trigonometric and hyperbolic functions are difficult to represent and retrieve (Camacho-Machin et al., 2012a). In addition to these, transition from the algebraic to the
graphical register is quite hard and students often make mistakes during this conversion (Camacho-Machin et al., 2012a).Geometric representation can be incorporated to provide sense to the
solution methods for ordinary differential equation while modeling different phenomena (Camacho-Machin et al., 2015; Rowland et al., 2004). However, it has proven to be critical for the
learners to adapt a geometrical approach for solving differential equations and their solutions.

In mid 1980s, the reform movement regarding to teaching of differential equations was stimulated by increased accessibility of technology and by calculus reform. The use of technological
advances as a reform movement in teaching and learning differential equations has been initiated to analyze ordinary differential equations regarding to algebraic, numerical and graphical
representations (Camacho-Machin et al., 2015; Hubbard et al., 2012). This moment yielded better results due to awareness of technological advances at higher levels of education (Rowland,
2006; Rowland et al., 2004).Further this movement moved a step ahead by means of introducing the inquiry-oriented approach to the teaching and learning of differential equations (Gado,
2005; Ju et al., 2007).

Literature reveals that various researchers have done their best to identify the difficulties arose during teaching and learning differential equation course and they also tried to overcome these
issues by employing different approaches. However, up to researchers’ knowledge, no one has critically reviewed and compared these studies in the last decade. Therefore, in this study,
articles regarding to the issues and of teaching and learning differential equations problem solving and different approaches have been reviewed.

2. RESEARCH OBJECTIVES:

The aim of current article is to review the research approaches or movements regarding to the issues of teaching and learning differential equations problem solving. It is anticipated that the
findings of current study will assist students, educators and researchers with some insightful ideas about the pattern or approaches, and issues studied in the area of differential equations.
The research questions addressed by this study are therefore:
1. What are the main approaches or classifications for teaching and learning of differential equation problem solving?
2. What are the recent trends in the DEs problem solving between the years 1996 to the year 2015 from these hundred selected journal articles.
3. How technology advances and inquiry oriented differential equation projects contribute towards students understanding of differential equation concepts?
4.  What is the potential area, particularly at pre-university level, in which the further research is required?
The following sections have demonstrated the introductory approaches, and tabulated form of the reviewed articles. The last section summaries our conclusions and some implications of
results and unresolved issues for the future research.

3. METHODOLOGY:

Literature has been keenly investigated which showed that several researches and research projects have been conducted on teaching and learning differential equation different. Initially,
teaching DEs were classified as, traditional DEs teaching and contemporary DEs teaching. However, integration of technological advancements and addition of recent researches, teaching and
learning DE course may be classified into 5 main groups such as, analytical, graphical, numerical, reform movements. The reform movements further include incorporation of technology and
Inquiry-oriented differential equations (IO-DE) projects, psychological factors. In addition to these, several researchers also worked on other perspectives, such as concept maps and vee
diagrams etc.

Major Techniques Related to Teaching and Learning of DE

Figure 1 illustrates the frame work for the current work. Detail of each method is provided in the following sections.

Algebraic /Analytic Techniques

Algebraic methods are mostly procedural in nature, involving different symbols, steps and techniques to solve differential equations problems. Traditionally, to solve differential equation
means to find a value for unknown, consequently it is essential to find an expression for the unknown function (Habre, 2003). Analytically, a solution to a differential equation is a function that
satisfies the ordinary differential equation. Generally, ODE equations are categorized as linear, separable, exact, and others.
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An analytic method of solution is offered the student for each class of equation whereas integration is essential in the solution process. Hence integration, formulas and steps are important in
these kinds of approaches. Both of the general and exact solutions are possible through these approaches. At higher university levels, partial differential equations are solved using these
techniques. Everywhere the answer connected to the algebraic solution of DEs are concerned, errors stemmed from student’s misunderstanding over equation type with another or symbolic

errors (Arslan, 2010b).
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With less training and efforts, teachers can be effectively taught the course by applying few procedures and steps. According to Habre (2000), mostly students prefer algabraic method, arguing
that this method gives exact answer.However, beside of their simplicity, several drawbacks limit their use. Although in a traditional differential class, nature of students’ learning is procedural,
but is restricted to mastering and applying some algebraic techniques (Arslan, 2010b). The main difficulties that students found when handling the algebraic based solutions of differential
equations are related to the unsuitable choice of the method of solution or an incorrect process of integration (Camacho-Machin et al., 2012b). It is align with the Artigue (1989) in a sense, that
students have misunderstanding and learning difficulties relating to differential equations (Boyce, 1994; Rasmussen, 2001).

In addition, regarding to the interpretation of algebraic expression, Rowland et al. (2004) documented some difficulties while students interpreted the terminologies involved in an ordinary
differential equation (ODE) contextually, and whilst they converted the context into mathematical form. In their study, only one student from physics background were able to recognize dv/dt
as representing acceleration and recognized that they have to find out an equation for acceleration instead of velocity. Rowland (2006) reported that students thought in term of rate of change.
However, difficulties also take place when they conceptualized a constant as the rate of change as that term ‘constant’ is somewhat explicitly static, hence it could not be a rate of change.
Similar results are reported by Arslan (2010b). The cause for the students’ failure to comprehend the issue may be the course content and instruction of differential equations course
(Blanchard, 1994; Boyce, 1994). Several researchers suggested that traditional instructions are not adequate particularly for conceptual learning and hence contemporary approaches in
teaching and learning are required (Arslan, 2010a; Boyce, 1999; Habre, 2003; Rasmussen et al., 2000).

Therefore, Mallet et al. (2009) illustrated constructive, discovery-based approach in teaching and learning, wherein students utilize their accessible skills as a frame work for the accumulation
of ordinary differential equations solution. This strategy is online with the ‘Five E’s’ of constructivism: engage, explore, explain, elaborate and evaluate(Bybee, 2001). Moreover, instead of
relying on traditional instructional methods, Mallet et al. (2009) replaced the teaching resources, includes worksheets, lecture notes, and demonstrating materials to teaching resources as align
with constructive approach.

Zandieh et al. (1999) and Habre (2003) have differentiated the students conceptual understanding of the meaning of an ODE and its solution. In these studies, open ended question were posed
about differential equation concept and its solution concept and students given the correct definitions, although algebraically. Habre (2003) employed the algebraic problem solver. However,
the target students were failed to conceptualize DEs and their solution. These students were not succeeded to classify the type of differential equation. Few have also used incorrect symbols
while solving ordinary differential equation algebraically. Similarly, Camacho-Machin et al. (2012a) documented that for the verification of the solution function, students tried to use
algorithm strategy (substitution method or direct method), instead of relying on concepts associated with it. Earlier few researchers also reported that ideas from basic concepts of pre-calculus
and calculus such as mathematical differences among quality, rate and rate of change (Rowland, 2006; Rowland et al., 2004), equation and solution (Raychaudhuri, 2008) are essential for the
achievement of DEs course. In addition, Czocher et al. (2013) illustrated that vital concept such as functions, derivatives, integrals, are vastly epistemological mismatches between calculus and
differential equation. However, there is a strong interrelation with these mathematical concepts and differential equation. For example, the concept of derivative might be the bridge for the
students as it can relate the derivative concept with the prime concepts that appeared in an ordinary differential equation. Czocher et al. (2013) also evidently proved that differential equation
concepts needs capability in calculus concepts and skills.

Nevertheless, students possess the conceptual resources such as differentiation, integration, function and graphical representation of function derivative, but they are unable to utilize these
resources (Camacho-Machin et al., 2012b). The study of Hu et al. (2013) is align with it, in a sense that its focal point was on how students make use of mathematical resources for instance
differentiation and integration in physics problem solving and has contribution to both fields mathematics and physics.

4. GRAPHICAL / QUALITATIVE TECHNIQUES

Graphical based solutions are considered as qualitative approach and show the real understandings of the students. Most of the time various analytic methods are not enough to solve
differential equations; however, numerical and qualitative methods are applicable towards all differential equations problems. Therefore, several authors (Camacho-Machin et al., 2008;
Machin et al., 2009) suggested that accepting the system of graphical representation can widen the understanding of differential equation solution concept. However, Habre (2000) argued that
analytic approach is not obsolete, in many instances it goes along with qualitative approach both hand-in-hand.

Graphical representation played a major role in the study of Rasmussen (1996), where student used graph of differential equation and its solution curve and direction fields, to qualitatively
analyzed a differential equation solution. Graphically or geometrically, a graph of solution is a function that has the characteristics such as increasing, decreasing, rate of increasing decreasing
and these are prescribed by the differential equation. Hence, geometric representation might be able to incorporate to give sense to solution methods for ordinary differential equation while
modeling different phenomena (Camacho-Machin et al., 2015; Rowland et al., 2004).

However, graphical based solutions, different functions such as linear, exponential, and trigonometric and hyperbolic functions are difficult to represent and retrieve (Camacho-Machin et al.,
2012a). Besides this, Camacho-Machin et al. (2008) also documented that students who used algebraic method to solve DEs but these students were failed in graphical representation and
mathematical interpretation. Beside these, transition from the algebraic to the graphical register is quite hard and students often make mistakes during this conversion (Camacho-Machin et al.,
2012a).
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Numerical Approaches

Likewise qualitative methods, numerical methods offer alternate solutions for DE which cannot be solved using analytic methods(Rasmussen, 1998). Numerical methods give access to
approximate solutions of differential equations, while qualitative or graphical methods views the differential equations geometrically as well as analyzing the differential equations itself, hence
these methods provide overall information about solutions (Rasmussen, 1998). Several researchers described and compared that how numerical methods are used to analyze differential
equations(Blanchard et al., 2002; Borrelli et al., 1996; Coombes et al., 1995; Kostelich et al., 1996; Lomen et al., 1996; West, 1996).

Further, (Rasmussen, 1998) investigated students’ understanding of and difficulties while utilizing qualitative and numerical methods to analyze differential equations. Findings showed that
difficulties influencing students understanding includes function dilemma, trend of overgeneralization such as, overgeneralization of the autonomous term, and interference from informal
concepts, and the complications with graphical interpretations. Several researches extended this concept and also stated that in order to support the development of understandings, the rule of
three algebraic, numerical, and graphical should be replace with rule of four, where writing in mathematics has an important role.

Writing Techniques

In addition to algebraic, graphical and numerical methods, several researchers also have focused the writing techniques as the effective learning tool for differential equation learning and
solving (Meier et al., 1998; Porter et al., 1995). Habre (2002) reported that students considered writing an important tool that can be used to improve differential equations learning as well as
elucidate ideas geometrically presented.

Utilization of Technology advancement as an Effective Tool for DE

The reform movement within the region of differential equations was stimulated in the mid-1980s by the improved accessibility of technology and by calculus reforms for the effective
teaching and learning differential equations (Ju et al., 2007). Use of technological advances was initiated to analyze ordinary differential equations by combining algebraic, numeric, and
graphical representations (Camacho-Machin et al., 2015; Hubbard et al., 2012). Examples of technology incorporations are Mathlets; a java applet, Computer Algebra System including
Maxima, Maple, and Math lab and Interactive Differential equation. These software pogrammes are employed to visualize graph and also to understand the connection between graph and
equations (Azman et al., 2013; Dana-Picard et al., 2008). These developments have changed the entire setting and opened a new evenues for assembling the concepts and their connections to
the real world situations (Devaney et al., 1998). As a result, variety of real world problems, including moving object velocities/accelrations, temperature/pressures changes, fluid flows and
aerodymomics were identified and mechanisms were deveolped to solve these problems though solving their realted differential equations (Aravind et al., 2013; Moore et al., 2013; Pollak,
2015; Yurtseven Avci et al., 2014).

Inspite of the many advanatge of technology advanced tools, modeling a physical problem through differential equation became a problematic situation in reality. Because, students emerging
from a conventional differential equation courses have slight understanding of whatsolutions of differential equation represent in an applicable conditions (Habre, 2000). Hence, several
educationalist considered the importance of qualitative approach and it should be adopted for differential equation course. Although in past, adoptation of such approach was not accepted due
to the difficulties related to visual aspects. However, incorporation of computer graphics has provided extraordinary visual capabilities to the teachers and learners ang give advantage in the
visualization of complex relationship that student often found difficult to understand. Visualization has a very important role regarding to the understanding of dynamical aspects of an basics
differential equations. It is used to assists in understanding the derivative as the slope of a curve; and also help to interprate graphs,and reading information from these graph such as existence
of an equilibrium state and long-term behaviour of the solutions (Borrelli et al., 1999). In this respect, Gollwitzer (1991) considered the direction field as an important tool that is used to
encourage students to think about visual component in differential equation.

Two main processes that are more worthy to mention in the study of ODE are; identification of equilibrium solution and the recognition of the values where the slope field (Camacho-Machin
et al., 2015). Habre (2000) analysed how students use the slope field to solve first order differential equation and how they extract information from these field in a reform setting. Findings
were highly encourging. Howerver, student work with ease with single representation and they found it difficult to cope with different representations simultaniously (Habre, 2000). Rowland
et al. (2004) explored that teaching and learning become more problemetic to handle different register of representation in the context of ODE. This problem is associated with students
understanding of how mathematical model are interelated with the real context and how they interpret the parameters. Camacho-Machin et al. (2015) revealed that different digital tools gave
students self-confidence to represent the same phenomena and also encouraged them to empower the information using graphical and as well as numerical representation of solution.
Furthermore, by considering the relationship between ODE and context, and with the addition of digital tool can assist studentsin their understanding, in many countries,differential equations
curriculumhas been changed at introductory level (Rasmussen, 1996).

Despite of technology advantages, at initial or pre university levels, it is a great challenge to determine students interaction by means of the digital tools and representation guidance related
with ordinary differential equations to provide sense to parameters connected with it (Rowland, 2006; Rowland et al., 2004). Also, it is difficult task to find out how to construct instruction
strategies to promote student learning (Rasmussen, 2001). Particularly the developing countries, utilization of the technological based methods are still challenging.

Available online on - WWW.IJIRMF.COM Page 229



INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD ISSN - 2455-0620 Volume - 3, Issue -6, June -2017

Inquiry-Oriented Based Approach for learning Differential Equations

The inquiry-oriented class for differential equation learning is an constructive learning environment where student participate, explicit meaning negotiation, create, discuss, and cooperate by
integrating students’ mathematical understandings to attain the formal mathematics (Gado, 2005; Rasmussen et al., 2000). Therefore, students inquiry enables students to learn mathematics
through engagement in authentic reasoning and also make them as a authorize learner to glance mathematics as a human activity as well as they are capable to reinvent mathematics
(Rasmussen et al., 2007b).

This approach was established on the recommendations of international commission on teaching and learning of mathematics at university level to overcome the newest challenges. Among
these, one major issue is the accommodation of much large and diverse group of students (Holton, 2001).

Through inquiry-oriented differential equations (IO-DE) approach students are able to learn most up-to-date mathematics via inquiry, which engrossed in engaging in mathematical
conversation, creating and subsequently conjecturing, exposing and defending ideas and their approach to solve innovative problems. In contrast to it, in traditional environment, instructions
design discourages individuals as of generating their own problem solving strategies.

Beside this, several researches have also given the concept of realistic mathematics education approach (RME) which is an alternative approach to the traditional curriculum approach, in which
students’ learning is based on practical real condition (Rasmussen et al., 2000; Yackel et al., 2000). Therefore, to adapt instructional design theory of realistic mathematics education approach
(RME) is key stone of inquiry-oriented differential equation project (Rasmussen et al., 2007a), in which students’ find out solution methods and make interaction with teacher as well as with
class mates (Kwon, 2002).

The study of Rasmussen et al. (2007a) has a significant contribution to the RME emergent model, in which the researchers elaborated the emergent model for student reinvention of system of
linear differential equations solutions. In addition to it,Rasmussen et al. (2006b) also elucidated the function of graphs and gestures for the reinvention of the Euler method for differential
equation and emphasized how these functions change in students’ subsequence use of the Euler method to approximate system of differential equations. This study provided a dictionary of
student gestures and also how they are associated with students’ reinvention and use of algorithm of Euler method.

A second corner stone of Inquiry-oriented differential equations (I0-DE) project is a research area whose focal point is student thinking and teacher knowledge (Rasmussen et al., 2007b).
Regarding to student thinking, Keene et al. (2011) observed students’ ideas about the use of time as dynamic quantity and the way time-based reasoning can promote understanding of solution
function. Author identified five different technique where students had integrated time as a varying quantity as their understanding of differential equation increased.

Beyond mathematics content knowledge, Wagner et al. (2007) identified different forms of knowledge that are very important o IO-DE teaching. They have studied a case of a mathematician
who employed this reform for the first time. Authors argued that reform practice of instructions include knowledge apart from mathematics pedagogical knowledge, content knowledge and
pedagogical content knowledge supporting traditional instructions design.

Literature from qualitative studies has also evidently proved that inquiry oriented differential equation approach enhances desirable students learning outcomes as compared to traditional
assessment methods (Rasmussen et al., 2007b). Regarding quantitative assessments of I0-DE learning, Rasmussen et al. (2006a) evidently proved that there was no significant difference on
student performance on the procedurally-oriented items, although analytic solutions were the main focus of the comparison groups. However, IO-DE group students performed better on the
conceptually-oriented than the TRA-DE (traditional differential equation students) group. In similar context, Kwon et al. (2005) conducted a follow-up study one year after instruction for a
subset of the students from the comparison study on the retention effects of conceptual and procedural knowledge. Researchers concluded that IO-DE enables students to emphasize on variety
of strategies both simultaneously and with equal importance, due to which, these students retained multiple ways to approach problems and performed better even after one year (Kwon et al.,
2005). Other evaluation studies also proved the optimistic outcome of I0-DE approach on students’ conceptual understanding, problem solving, retention and justification (Ju et al., 2004; Kim
et al., 2006; Kwon et al., 2005; Rasmussen et al., 2006a).

In addition to mathematics conceptions, Cobb (1985) argued for the assessment of students’ belief systems apart from these reforms. Ju et al. (2007) illustrated the effect of an inquiry oriented
differential equation course on the enhancement of student beliefs about mathematics. Authors extended the evaluation of the inquiry oriented differential course model beyond the cognitive
aspects of mathematics learning and investigated transformation of students’ beliefs about mathematics as well as their relation to the discipline. Concerning the students’ mathematical growth,
several researchers also highlighted the significance of social or cultural processes (Cobb, 1995; Lave, 1988; Rogoff, 1990; Saxe, 1991). An another remarkable approach was carried by
Yackel et al. (2000). They extended the analysis of social interaction patterns, social and socio mathematical norms regarding explanation and how these norms were characterized in
differential equation class.

Several researches also claimed that student learning is located inside the interconnected constructs of problem solving, epistemology, and self-regulated learning (SRL) (Muis, 2007; Muis et
al., 2009; Schommer-Aikins, 2004; Stockton, 2010). Typically, successful problem-solvers exert control over the problem space and have availing epistemological beliefs (Muis, 2008; Perels
et al., 2005; Schoenfeld, 1983, 1985, 1989). Schommer-Aikins (2004) hypothesized reciprocal relationship between epistemological beliefs and self-regulated learning. However, experimental
results have shown that a relationship exists between SRL and epistemological beliefs in multiple contexts (Braten et al., 2005; Hofer, 1999; Muis, 2008).The several studies also highlighted
thefunction of self-efficacy beliefs, motivation, engagement, and attitudes towards mathematics learning (Abdulwahed et al., 2012; Alpaslan et al., 2016; Fadlelmula et al., 2015; Velayutham

Available online on - WWW.IJIRMF.COM Page 230



INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD ISSN - 2455-0620 Volume - 3, Issue -6, June -2017

et al., 2012).Beside these, role of goal orientation beliefs (part of self-motivational beliefs) were also found as an energizing agent for an individual’s self-regulatory behaviors and influence
the implementation of self-regulatory knowledge and skills (Kingir et al., 2013; Montalvo et al., 2004). Wolters et al. (1996) studied the relationship between three goal orientations and
student self-regulated learning focusing the subject mathematics.

So, for the reformed movement, epistemological beliefs about differential equation problem solving, self-regulated learning (SRL) and achievement goal orientation may play an important role
towards the students’ conceptual understandings in teaching and learning of differential equation.

5. OTHERS PERSPECTIVES:

In addition to aforementioned five main categories, related to teaching and learning of differential equation course, several researchers also focused on the alternative ways. In this context,
researchers proposed the addition of more qualitative or conceptual type questions into the curriculum and also discovery of errors in their reasoning techniques. The analysis of error is another
powerful tool that may provide important information regarding to students’ mistakes while working in any mathematical domain. Sdnchez (2012) reported that tactic based on analysis of error
remained the main aspect in teaching and learning differential equations, where student incorporate concepts in a more successful way and performed better. However, students who were
habituated with passive memorization found difficulties during detection of error.

The employment of meta-cognitive tools such as vee diagrams and concept maps were also introduced as innovative ways though which students’ mathematics learning can be improved
beyond their technical proficiency in applying known procedures and algorithms(Afamasaga-Fuata’i, 2002, 2003a, 2003b). These studies (vee diagrams and concept maps) were also extended
to secondary level students in mathematical problem solving(Afamasaga-Fuata'i, 1998; Afamasaga-Fuata’i, 1999)and for undergraduate students (Afamasaga-Fuata’i, 1999, 2001, 2002).
Afamasaga-Fuata’i (2004) evidently proved that student understanding of differential equation became more structured, well organized by using concept map and also it greatly assisted in the
construction of vee diagram.

More recently, concept of reduced abstraction frame work is also introduced. Using this concept, Raychaudhuri (2013b) classified three learning levels of individual learner, in the context of
DEs, on the basis of their effort maintain and reconstruct their cognitive structure. These are learners, potential learners and pseudo-learners. Authors elaborated that learner identifies and
resolves the conflicts without discarding the existing connections between the concepts (Raychaudhuri, 2013b).Same group has given concept of extended reduced abstraction framework that
explains student construction of mathematical knowledge of differential equation. In this case, the main focus was the solution to system of differential equation, including first order liner,
non-linear, and second order as well as the corresponding existence and uniqueness theorem relevant to them (Raychaudhuri, 2013a).

6. CONCLUSIONS:

The differential equations are used to inter-relate and solve a variety of daily life. Several approaches have been developed and more are being developed or modified, to make DEs course
more effective and useful. In this study, articles from 1996 to 2015interrelated to teaching and learning of DEs have been critically reviewed and analyzed. Five main categories including,
algebraic, graphical, numerical, technological and inquiry oriented based approaches have been identified and compared.

Algebraic based approaches are traditional and are based on the several steps or procedures to solve the DEs analytically, while graphical methods are the qualitative in nature, and used to
analyze either a graph or direction fields to solve a DE problem. In algebraic approach, focus is given to problem solving steps while numerical and graphical approaches are more emphasized
to facilitate the conceptual learning of differential equations.

The reform moment has focused the on the incorporation and utilization of technological tools to integrate the traditional methods. These kinds of methods are attractive at higher levels of
studies. However, at pre-university level, these are quite challenging due to the unavailability and interaction of these tools. An another era of reform moment is Inquiry oriented based
approaches, which have further added the positive effect of environment, epistemological and motivational beliefs on the DEs learning.

Role of epistemological beliefs, motivational beliefs and self-regulating learning strategies were found effective, individually. Combination of these belief systems can be used to facilitate
conceptual understanding and constructivist learning of differential equation including novel pedagogies (e.g. collaborative learning, inquiry/discovery), particularly at the college and pre
university levels.
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