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1.Introduction
A research-based course design for online learning environments will be important for effective professional development of practicing teachers. Researchers are seeking solutions to the problems encountered due to online course practices, such as witnessing low passing rates in online mathematics courses or organization problems in discussion boards (Dogan-Dunlap, 2004b; Ramasamy, 2009), and are conducting research to provide empirical data to support effective online learning (Hughes, McLeod, Brown, Maeda & Choi, 2007; Love, Keinert, & Shelley, 2006; O’ Dwyer, Carey & Kleiman, 2007; Owston, Sinclair & Wideman, 2008; Sendag & Odabasi, 2009; Signer, 2008). Dede, Ketelhut, Whitehouse, Breit, and McCloskey (2009), in their review of 40 empirical studies chosen among 400 studies, pointed out the importance of online teacher professional development (oTPD) to enhance students’ achievement in schools. The research emphasized the deficiencies of many oTPD programs and the lack of support for sustainability of programs. Dede et al. (2009) classified research studies into four types based upon the research questions: program design, program effectiveness, program technical design, and learner interactions. Mainly, 39% of studies explored ways to determine a better program design and 22% sought ways to describe best pedagogies. In line with these findings, I reviewed studies that reveal the effectiveness of online mathematics and mathematics education courses, some pedagogical strategies within effective course designs, and recommendations for an effective online mathematics course design.
2. Effectiveness of Online Mathematics Courses
Several researchers have studied the effectiveness of online mathematics courses. (Hughes, McLeod, Brown, Maeda & Choi, 2007; Love, Keinert, & Shelley, 2006; O’ Dwyer, Carey & Kleiman, 2007). Hughes et al. (2007) explored Algebra achievement of secondary school students in both online and traditional mathematics classrooms and the perception of students towards both classroom ambiances. Findings showed that students’ scores on an Algebra understanding achievement test were higher in online courses than the scores in traditional courses. Love et al. (2006) explored the effectiveness of web-based discrete mathematics courses on student performance outcomes compared to traditional mathematics courses. The findings showed that the students in a web-based course performed better than the students in a traditional classroom. Similar results were found by O’ Dwyer et al. (2007) in their quasi-experimental research study. O’ Dwyer et al. (2007) explored the effectiveness of the Lousiana Algebra I Online model compared to the traditional face-to-face courses on achievement and attitudes of 257 students in six school districts. Posttest results showed that students in the treatment group, which was an online group, performed higher than that of the control group, which was a face-to-face group. 
Although these research findings provide empirical data based upon the learning outcomes and not the learning process, they fill a gap in the literature as Dede et al. (2009) explain, “Evidence of effectiveness is often lacking, anecdotal, or based on participant surveys completed immediately after the professional development experience rather than later ” (p. 9). In this respect, these findings are as important as the studies that measure the effectiveness of some characteristics of online course models and of the process. It is important that past studies comparing online and face-to-face courses that found no significant difference in terms of achievement were replaced by recent studies that provide evidence that online courses might be as or more effective than some face-to-face courses. 

3. Effectiveness of Online Mathematics Education Courses
In addition to the findings on effectiveness of online mathematics courses that were discussed previously, several studies have explored the effectiveness of online mathematics education courses on different outcomes (Sendag & Odabasi, 2009; Signer, 2008; Owston, Sinclair & Wideman, 2008). Sendag and Odabasi (2009) conducted an experimental study with 40 undergraduate primary school mathematics teachers in a computer assisted instruction course that explored how online problem based learning (PBL) sessions affected critical thinking skills (CTS) and achievement compared to non-PBL online sessions. The findings showed that PBL online sessions positively influenced the CTS of learners, but not students’ achievement. 
As Dede et al. (2009) suggested that we need empirical evidence from research that incorporates the effective models in the design of online courses. In this respect, Signer (2008) put forward a model for developing an online graduate mathematics education course through worldwide web for in-service teachers. The purpose of the research was to describe the effect of the online course model on in-service teachers’ opinions about in-service education, their learning, and the quality of interactions. The findings indicated that in-service teachers had positive thoughts about the online course, their learning, and their interactions with instructors as well as other in-service teachers (Signer, 2008). Another study conducted by Owston, Sinclair, and Wideman (2008) proved a two-year blended learning program to be effective. The goals of the teacher eLearning project (TeL) were to improve middle-school mathematics and science/technology teachers’ pedagogical knowledge, their classroom practice, and attitudes. This blended program included four face-to-face sessions and three eight-week online sessions over two years. The pre-post survey results showed that teachers’ pedagogical beliefs changed significantly, with teachers embracing the program’s open-ended, constructivist thoughts. 

4. Pedagogy in Mathematics and Mathematics Education Courses

Dede et al. (2009) described the current state of oTPD programs as evolving from no significant difference between online and face-to-face environments, towards providing empirical data for the effectiveness of some characteristics of online course models, such as the effectiveness of online discussions. This claim leads us to think about some variants in online courses such as instructor’s roles, collaborative learning, interaction, course design, problem-solving, and problem-based learning.



4.1. Instructor’s roles
The instructors’ role is among important variants in online courses. Many researchers have ascribed a facilitator role for online instructors within collaborative and student centered learning environments. (Carey, Kleiman, Russell, Venable & Louie, 2008; Chinnappan, 2006; Johnson & Green, 2007; Maor, 2003; Sendag & Odabasi, 2009; Zhou & Stahl, 2007). Maor (2003) conducted a qualitative research study to explore online instructors’ roles in one postgraduate online course, which aimed at forming a community of learners by promoting interactions among twelve science and mathematics teachers, who were geographically and socially isolated from each other. The instructor behaved as a facilitator allowing the formation of a collaborative learning environment by means of a synchronous mode of communication, which was an activity room, and acting as a co-learner in this interaction. Johnson and Green (2007) also described the role of instructors as facilitators. The researchers reported on experiments in various undergraduate mathematics courses in which online discussion boards were used to enhance mathematical discourse and to foster the formation of a community of learners. Leading mathematical discourse among learners requires a socio-constructivist approach as Chinnappan (2006) emphasizes, “Online instructors need to adopt a socio-constructivist approach in facilitating teacher reflections, learning, and mentoring by their peers” (p. 367). 
Moreover, Maor (2003) and Johnson and Green (2007) described facilitators’ roles as social, technical, managerial, and pedagogical roles. The social role involved “affective support, interpersonal communication, setting a positive tone and keeping the communication flowing” (Maor, 2003, p. 135). Educators who direct these platforms act as technical assistants to help students solve problems during their online interaction (Johnson & Green, 2007). Educators also have a managerial role that includes, “ identifying the purpose for the discussion, defining the roles of the instructor and the students, keeping the discussion fresh, establishing basic expectations for students, and responding to productive, disruptive, or passive behavior” (Johnson & Green, 2007, p. 332). The pedagogical role comprised fostering collaborative learning through discussions and reflections; asking questions, providing feedback, stimulating reflective thinking through role-plays, debates, and modeling of reflective thinking; and making a synthesis of comments given by learners (Maor, 2003). The pedagogical role is assigned to the instructors who “[evaluate] student performance in the discussions, [direct] student thinking through questioning strategies, and [model] expectations” (Johnson & Green, 2007, p. 332). These roles might be thought of as a support for online course pedagogy and predictors of course satisfaction of participants.

4.2 Collaborative learning
An online instructors’ role as facilitator gives rise to collaborative learning opportunities for learners, which is an important variant depending upon the instructor’s role. Several researchers (Chinappan, 2006; Evans, Bean, Romagnano, Gilmore, Loats & McKenna, 2008; Johnson & Green, 2007; Zemel, Xhafa & Stahl, 2005; Zhou & Stahl, 2007) emphasized collaborative learning in their study. Johnson and Green (2007) used the online discussion boards as an extension of the course to enhance the collaboration among learners. Chinnappan (2006) added an asynchronous learning (AL) forum to a face-to-face course, focused on mathematical pedagogy for K-6 mathematics to enhance the collaborative learning among beginning elementary teachers. Chinnappan’s (2006) study showed that learning in a collaborative environment improved the pedagogical content knowledge of teachers. Beginning teachers especially need peer and expert teachers’ support. Teachers have the responsibility of transforming theoretical knowledge into a format that students understand which complies with school and curriculum standards in their community. This transposition should take place in online discussions and be part of the teaching materials. Taking the initiative and responsibility of transforming, even converging, theoretical knowledge to students’ knowledge and eliciting mediation between these two might be a hard task for beginning teachers. It is here that emerges an important reason for establishing a community of learners through online platforms among beginning elementary teachers. Collaborative learning allows beginning teachers to construct their pedagogical knowledge socially as Chinnappan (2006) states, “Beginning elementary teachers can learn mathematics and mathematical pedagogies through social interactions, meaning negotiation and shared understandings” (p. 357). 
4.3. Interaction
Another variant that emerges from research studies (Carey, Kleiman, Russell, Venable & Louie, 2008; Dogan-Dunlap, 2004b; O’ Dwyer, Carey & Kleiman, 2007; Zemel, Xhafa, & Stahl, 2005) is interaction among learners and between learners and instructor. Interaction is embedded in collaborative learning. Zemel et al. (2005) explored the interaction among 6-11 grade participants in small online groups in the Virtual Math Teams research project at Drexel University. Researchers identified two types of interaction among learners: expository and exploratory, which also provides a description of learners’ roles. Participation is called expository, “when one actor first announces that a solution has been achieved and then, upon prompting from recipients, proceeds to tell recipients what the solution is and how he or she produced the candidate solution ” (Zemel et al., 2005, p. 279). Participation is called exploratory, “ [when] actors interact so as to constitute, in and as they chat, an understanding of a problem in terms of the conjoint production of possible organizations of mathematical activity from which a solution could be achieved ”(Zemel et al., 2005, p. 280). In this study, learners behave as an instructor when they report their solution. In most learning environments, either face-to-face or online, teachers do a greater percentage of work than learners do. 
Concerning the learners’ role in an online environment, Ramasamy (2009) explains, “One of the major characteristics of online learning is the need to shift the control of learning from the teacher to the student” (p. 33) because weak interaction influences the course satisfaction of participants. O’ Dwyer et al. (2007) conducted a qualitative research study to give empirical findings about eighth and ninth grade learners’ satisfaction in terms of learning experiences in a Algebra I online program. Survey results showed that students in the online courses were satisfied in terms of integrating technology and course characteristics but participants expressed that interaction with their online teacher was not adequate. However, the researchers did not provide the reasons behind this critique related to the online instructor’s responsibilities, which comprised providing feedback on homework, tests, and discussion board postings and answering students’ questions in a timely manner. Moreover, the survey results showed that students in the online experimental group were not satisfied with learning experiences that they had in online class although they performed as well as the students in the face-to-face group.  The researchers attributed this result to the fact that the online learning platform was a new environment for students and to the differences related to classroom approaches. O’ Dwyer et al. (2007) observed, “Considering the same content standards were covered in both groups, the difference in learning experience may have been a function of the newness of the online model, specific differences in the curricula, and/or differences in classroom approaches” (p. 303). I would say the dissatisfaction of students related to learning experiences might also be due to weak interactions between the students and teacher. Survey data showed that students were satisfied with mathematics content in the course, technology tools such as graphing calculators, Graphire 2 Digital Tablet hardware, and animated tutorials. However, this article does not provide evidence on the conjecture related to the deficiencies of online instructor’s responsibilities. The degree of interaction, either student-student or student-instructor, might be an important variant in the online course experiences and satisfaction. 
Carey et al. (2008) conducted an experimental research study to investigate the impact of a specific design of online course using the facilitated cohort design, on middle school algebra teachers' mathematical understanding, their pedagogical beliefs, and their instructional practices compared to online self-paced design. While the facilitated cohort design fostered interactions and maximized the role of facilitator, the self-paced course design minimized interactions, the role of facilitator, and impeded the use of discussion boards. However, the findings did not show a significant difference between the two groups in terms of outcomes contrary to the previous research that supports the positive impact of interaction on achievement. That is, the interaction in facilitated cohort group did not seem to influence teachers' mathematical understanding, their pedagogical beliefs, and their instructional practices more than the self-paced group did. The researchers put forward some possible reasons for this outcome, such as 44% attrition rates, providing a very well designed course, and having highly motivated volunteers. On the other hand, survey results showed that teachers adopted a pedagogical belief that involved a balance between learner-centered and teacher-centered approaches. According to Carey et al. (2008), “Teachers appeared to decrease their value and use of worksheets, multiple-choice quizzes, and direct instruction, while increasing opportunities for students to discuss their problem solving strategies, write about mathematics, and engage in more extended, higher-order problem solving activities” (p. 26). Based upon this evidence, it appears learners extracted the important points from both courses and yet preferred balance between learner-centered and teacher-centered approaches. 
Directing discussion boards also constitutes an important part of interactions and instructors’ roles. Student-student or student-instructor interaction that is formed and fostered by the online instructor reflects multi-faceted online instructor’ roles. Dogan-Dunlap (2004b) reported on the integration of WebCT in two courses, Matrix Algebra and research methods, at the University of Texas at El Paso (UTEP). The goal for these courses was to foster student-student and student-instructor interactions. WebCT included a discussion board, e-mail, whiteboard, and assessment tools. Dogan-Dunlap further discussed instructors’ roles, pointing out the need for an effective organization of discussion boards is let learners interact with each other through commenting on other’s reflections. Another important online instructor role is to assess learners’ reflections appropriately. Disorganized discussion boards gave rise to problems with assessing students’ reflections on time before class meetings. Creating folders according to group assignments and class assignments solved this problem.  
4.4 Course design
The effectiveness of online courses also depends on the flow of the course and on how the course is designed, which are important variants in terms of satisfaction and experiences. Ramasamy (2009) compared the pedagogy in online mathematics courses at Wawasan Open University in Malaysia to face-to-face courses. The researcher found that while lecturers in a face-to-face environment explain in detail mathematical theorems based on student questions, lecturers in an online environment make assumptions about students’ prerequisite knowledge. The author recommended that online lecturers give more detailed explanations of concepts, theorems, or examples during online class sessions. For instance, the author mentioned the example of finding eigenvalues that involve polynomial factorization, matrix multiplication, and finding the determinant of a matrix. Beyond not assuming that students should know how to find eigenvalues, the online instructor should incorporate in the PowerPoint presentation slides illustrating each skill or step in the solution explicitly, making sure that students understand the subskills before continuing to introduce other skills. Because students in online courses do not ask questions in the middle of the teaching sequence, while students in face-to-face courses ask their questions in the flow. 
The use of hyperlinks, which connects the unknown skills to sub-skills and provides examples, is recommended for online course material. There are other suggestions provided by researchers. For instance, Chinnappan (2006) added a WebCT component into face-to-face courses to allow beginning teachers to enter into threaded discussions on hypothetical lessons on the teaching of multiplication and to improve their pedagogical content knowledge by fostering peer interactions through online discussions. Concerning threaded discussions. Offenholley (2006) indicates, “Threaded discussions help build a sense of community, encourage higher-order thinking, and provide opportunities for peer collaboration” (p. 1). Offenholley, an associate professor of mathematics at Brookdale Community College in New Jersey, discussed her online teaching experience focusing on threaded discussions. She used WebCT in her online courses: statistics, liberal arts math, and basic skills algebra. Higher order thinking was fostered by specific questions.  Instead of asking the general meaning of a concept, she placed the concept in a problem situation. For instance, she refused questioning the meaning of standard deviation; instead she proposed a problem in which she questioned the meaning of small or large standard deviation. In twelve post-undergraduate mathematics education courses on which Hovermill and Crites (2008) reported, student teachers participated in online discussions about journal articles, which included concepts such as students’ misconceptions, multiple models of learning trajectories, and assessing strategies. Moreover, documents such as URLs, tutorial activities, and lectures were added to support the online discussion (Chinappan, 2006). 
Unstructured online discussions might not lead to an impact on knowledge acquisition as Kramarski and Mizrachi (2006) pointed out, “ Online discussion is not sufficient for enhancing mathematical literacy and [self regulated learning]. We had to structure mathematical discussion and to practice and reinforce mutual reasoning” (p. 228). They suggested using metacognitive guidance to structure online discussions. Metacognitive guidance involved a set of questions asked consecutively which were organized into four groups: comprehension, connection, strategy, and reflection. Hodges (2009) in his qualitative research to identify the self-regulation strategies of seven freshman students in an asynchronous matrix algebra course, identified seven self-regulation strategies: working practice quizzes, taking notes, reviewing notes, asking friends assistance, watching week-to-week grade progress, setting a goal of getting a good grade, and rewarding completed work with leisure activities.
Cady (2007) reported that in their experience with online mathematics education courses delivered through asynchronous and synchronous tools, middle school mathematics teachers learned how children learn mathematics as well as learning different representations of mathematical concepts and effective practices. In addition to focusing on children’s conceptual understandings (Cady, 2007) and conducting hypothetical lessons (Chinnappan, 2006), Alexander, Lignugaris/Kraft, and Forbush (2007) resorted to case studies. The case studies involved narratives and PowerPoint slides meant to develop preservice teachers’ instructional skills. These researchers explored the impact of an online mathematics methods class paired with practicum supervision delivered through WebCT. They studied the effect on preservice teachers’ instructional planning skills, classroom practices, and students’ achievement outcomes. Each course involved three sections: my turn, our turn, and your turn. In the first part, namely my turn, the instructor narrated how the case study student task should be done. Then, the instructor presented the second case study for the student to complete in class. Lastly, the instructor presented the task that would be sent to the instructor by e-mail. The online instructor gave feedback on each assignment. The findings showed that those teachers’ lesson design skills and students’ outcomes were improved in this online methods course. However, the researchers pointed out that using individual instructional planning to train teachers might not lead to use of these strategies effectively in a classroom environment. The researchers recommended using case studies for groups of students as well as individual case studies in whole classroom settings. Offenholley (2006) also incorporated narration into her PowerPoint presentations. Despite the difficulty of solving mathematic problems online due to mathematical symbolism issues in some course management systems, she argued that the fact that students explain their reasoning in text format allows them to develop deeper understanding of a problem.
Beyond the emphasis given to collaborative learning, peer collaboration, and reflective discussions by researchers (Love et al., 2006; O’ Dwyer et al., 2007; Sendag & Odabasi, 2009; Owston, Sinclair, and Wideman, 2008), Owston et al. (2008) pointed out that teachers need to share experiences related to students’ work or problems concerning experiments with new instructional models with other teachers through online asynchronous discussions. Owston et al. (2008) says, “teachers appeared to gain confidence needed to experiment with new pedagogical approaches in their classrooms and to share and reflect upon their successes and disappointments with their colleagues” (p. 1056). Rural teachers were the only teachers in their grade level who expressed satisfaction related to the program saying, “the program helped eliminate feelings of isolation” (Owston et al., 2008, p. 1045). An effective course design including the components that I discussed previously helps learners become active participants in learning experiences, gain self-confidence vis-à-vis the content knowledge and the classroom practice, and get satisfaction from the online course. Furthermore, the evolution of concepts through different grades should be emphasized in each course curriculum.  
In this regard, Hovermill and Crites (2008) reported the effectiveness of 12 newly developed post-undergraduate mathematics education courses, which emphasized “the connections between mathematics content, effective pedagogy, and reflective practice” (p.2). Four courses were content courses such as Connections-Algebra and Number Theory, Connections-Calculus, Connections-Geometry, and Connections- Probability and Statistics. The researchers pointed out that these connection courses would allow teachers to link the progress of concepts through different grades. For instance, teachers explore “how the concept of rate of change begins concretely in lower grades and becomes more formalized throughout algebra and calculus” (Hovermill & Crites, 2008, p.2). The connections courses resulted in an increase in the registration rate and student satisfaction. Data from the interviews showed that student teachers found the program effective in terms of linking the content, pedagogy, and reflective practice. 

4.5 Problem solving
  Problem solving is another variant that leads to collaboration and interaction. By the same token, collaborative learning settings include interactions leading to problem solving experiences. Researchers (Evans et al., 2008; Kramarski & Mizrachi, 2006; Zemel, Xhafa, & Stahl, 2005; Zhou & Stahl, 2007) explored some course characteristics related to problem solving such as interaction or small online group collaborative environments. Evans et al. (2008) reported findings on an online mathematics course developed to increase the content knowledge of K-12 teachers from rural schools in Colorado, to build a community among teachers, and to transfer the pedagogy of the course into their practice. The focus of the online course was on creating a collaborative problem-solving environment, which would then be a model for teacher participants in their practice. It is important that instructors model problem solving and engage teachers in collaborative problem solving situations. As Smith et al. (2008) says, “Instructor modeling of problem-solving is a major part of mathematics pedagogy” (p.72). However, online mathematics instructors expressed concerns about modeling problem solving due to the sequential nature of mathematics, students learning abstract concepts, sharing visuals, and the symbolic nature of mathematics as a language causing difficulties in online two-way communication (Smith et al., 2008). That is, communicating abstract concepts of mathematics in mathematical symbols, sharing graphics and visual representations, and sharing among group members are not easy tasks online. 
Small group interactions might help learners get involved in problem solving situations and use these experiences as a model in their practice. Evans et al. (2008) suggested small group interactions, “as an example of research-proven pedagogical approaches [and] as a way to foster collaboration and communication within the mathematics education community” (p.1). Teachers first worked on problems individually, then were put in chat rooms to share their solutions with their colleagues. Offenholley (2006), in her online teaching experience, used a technique that she called round robin to get all students to work on the equivalent form of problems. That is, she asked a difficult problem. Students posted their answers after having worked on the problem individually. If one student found the correct answer she generated equivalent forms of the question, changing the numbers to get other students to solve the problem. Findings from Evans et al.’s (2008) study showed that the program had a positive impact on teachers’ opinions about their classroom practices, and small group interaction increased problem solving. Moreover, focus group interviews showed that teachers were prone to apply a problem-centered approach, teachers gave importance to the process of problem solving rather than mere results, and the course bolstered a community of teachers who shared their reflections and expanded their knowledge. 
Another characteristic that goes with problem solving activities is metacognitive guidance. Kramarski and Mizrachi (2006) explored the impact of online discussion structured by metacognitive guidance on mathematical literacy and self-regulated learning (SRL) of 86 seventh grade Israeli students. The students practiced problem solving in four classes during four weeks. Students in two types of classes, online discussion and face-to-face classes, were provided the metacognitive guidance structure and asked to use them during the problem solving activities. Metacognitive guide was not provided for other students in the online discussion and face-to-face classes.  One of the research findings was that the students’ level of mathematics literacy was higher in the online+meta and face-to-face+meta classes than students’ in the classes without metacognitive guidance. A second finding was that students’ use of mathematical strategies and mathematical reasoning in the online+meta class were higher than students in the face-to-face class. According to the authors this result might have been due to the dual discussions provided by online discussions that students in face-to-face class did not have. Another finding was that students in the online+meta classroom justified their mathematical solutions more often than students in the online classroom. Moreover, students receiving a metacognitive guidance in online discussion and face-to-face groups showed higher self-regulated learning than students not receiving guidance. 

4.6 Problem-based learning
The literature lacks studies that explore problem-based learning related to online mathematics courses. Sendag and Odabasi (2009) used a problem-based approach in a computer-based course and reviewed the literature on PBL in online environments other than mathematics. The authors recommended the use of PBL in online courses. 
PBL is described as a student-centered process based on a constructivist approach  comprised of students’ involvement in resolution of real-life problems, novel knowledge construction through problem solving, and teachers’ roles as facilitators (Sendag & Odabasi, 2009). Related to critical thinking, Sendag and Odabasi (2009) observed, “Critical thinking is a constructivist analysis process to examine what is going on in our environments. This analysis system can be used to define problems, take actions towards an aim, make decisions and conduct retrospective evaluations” (p.133). Sendag and Odabasi (2009) observed, “Online PBL practices can be implemented to improve learners’ high level skills such as critical thinking. Online PBL can be an effective alternative approach implemented in distance education practices ” (p. 140).   
5. Conclusion and Recommendations
The variants discussed previously present a reciprocal relationship as a whole for an effective online course design. I noticed a strong connection and interaction among these variants in that they constitute subsets inside each other or overlap one to another. For instance, a collaborative learning environment contains interactions (student-student, student-facilitator, student-content) and teachers’ roles as facilitator also involve social, pedagogical, managerial, and technical roles. Online discussion boards merge collaborative learning environments where teachers’ and learners’ roles intersect. Problem-centered approaches evoke collaboration and interaction among participants. The following is a list of recommendations based on this literature review.
5.1 Recommendations
· Online courses should create a community of learners, be collaborative, problem-centered, and adopt process-centered instructional approach (Evans et al., 2008). 
· Small group interaction is recommended (Evans et al., 2008). 
· Online lecturers should give more detailed explanations for each step in the mathematical explanations of concepts, theorems, or examples during online class sessions (Ramasamy, 2009).
· The use of hyperlinks, which connects unknown skills to sub-skills and provides examples, is recommended for online course material (Ramasamy, 2009).
· School mathematics teachers should learn how children learn mathematics in addition to learning different representations of mathematical concepts and effective practices (Cady, 2007).
· Face-to-face interactions involving opening and closing meetings should be incorporated into online classes. “These face-to-face interactions give the teachers a chance to build community and see other participants as actual people instead of names on a screen” (Evans, Bean & Gilmore, 2008, p. 7).
· The course design and instructional methods should be explicit for learners (Hughes et al., 2007).
· Teachers need to share experiences related to students’ work or problems concerning experiments with new instructional models with other teachers through online asynchronous discussions (Owston et al., 2008).
· The use of problem-based learning (PBL) is recommended for online courses (Sendag & Odabasi, 2009).
· Course developers should take into consideration of teachers’ prior knowledge (Owston et al., 2008).
· A facilitator role should be ascribed to online instructors within collaborative and student centered learning environments (Carey et al., 2008; Chinnappan, 2006; Johnson & Green, 2007; Maor, 2003; Sendag & Odabasi, 2009; Zhou & Stahl, 2007).
· The training of facilitators is recommended. Owston et al. (2008) mentions, “ […] teachers were more likely to participate if they received good quality feedback from their facilitators”. 
· The evolution of concepts through different grades should be emphasized in each course curriculum.  The courses should be developed and thought out collaboratively by mathematicians and mathematics educators (Hovermill & Crites, 2008).
· Online discussion boards should be used to enhance mathematical discourse and to foster the formation of a community of learners (Johnson & Green, 2007).
· Online instructor’s role as facilitator should involve social, pedagogical, managerial, and technical roles (Johnson & Green, 2007).
· An online course should involve balance between student-centered and teacher-centered approaches. (Carey et al., 2008)
· Discussion boards should be organized in such a way that instructors would use students’ work for assessment purposes or providing feedback (Dogan- Dunlap, 2004b).
· Online instructor should involve teacher participants in threaded discussions on hypothetical lessons to expand their pedagogical content knowledge (Chinnappan, 2006).
· Instructors might increase higher order thinking skills of teachers by asking specific questions that put concepts in problem situations rather than asking the mere meaning of a concept (Offenholley, 2006).
· Online discussions should be structured using metacognitive guidance, which could serve as a model for teacher participants in their practice (Kramarski & Mizrachi, 2006).
· Using narratives of case studies with students or a group of students should be included in mathematics education courses to improve teachers’ instructional planning skills (Alexander et al., 2007).
· Online instructor should stimulate learners to explain their reasoning in text format (Offenholley, 2006).
· Online instructors should model problem solving in their courses (Smith et al., 2008).
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A REVIEW OF THE LITERATURE

 

 

1.

Introduction

 

A research

-

based course design for online learning environments will be 

important for effective professional development of 

practicing

 

teachers. 

Researchers are 

seeking solutions to the 

problems 

encountered

 

due to

 

online course practices,

 

such as 

witnessing low passing rate

s

 

in online mathematics courses

 

or

 

organizatio

n problems in 

discussion boards

 

(

Dogan

-

Dunlap, 2004b; Ramasamy, 2009)

,

 

and 

are 

conducting 

research to provide empirical data to sup

port effective 

online learning

 

(

Hughes

, McLeod, 

Brown, Maeda & Choi, 2007; Love, Keinert, & Shelley, 2006; O’ Dwyer, 

Carey &

 

Kleiman, 2007; 

Owston, Sinclair & Wideman, 2008

; 

Senda

g & Odabasi, 2009; Signer, 

2008

)

. 

Dede, Ketelhut, Whitehouse, Breit, and 

McCloskey (2009

),

 

in their review of 40 

empirical studies chosen among 400 studies, pointed out the importance of online te

acher 

professional development (

oTPD

)

 

to enhance students’ achievement in schools. 

The 

research 

emphasized the deficiencies of many oTPD programs and the lack of support for 

sustainability of programs. 

Dede et al. (2009) classified research studies into four types 

based upon the research questions: program design, program effectiveness, program 

techn

ical design, and learner interactions. Mainly, 39% of studies explored ways to 

de

termine a better program design and

 

22% sought ways to describe best pedagogies. In 

line with these findings, I reviewed studies that reveal the effectiveness of online 

mathem

atics and mathematics education courses

, 

some pedagogical strategies 

within

 

effective

 

course design

s

, and recommendations for an effective online mathematics 

course design

.

 

2. 

Effectiveness of Online Mathematics Courses

 

Several researchers have studied the

 

effectiveness of online mathematics courses. 

(Hughes

, McLeod, Brown, Maeda & Choi, 2007; Love, Keinert, & Sh

elley, 2006; O’ 

Dwyer, Carey &

 

Kleiman, 2007). 

Hughes et al. (2007) explored Algebra achievement of 

secondary school students in both online and 

traditional mathematics classrooms and the 

perception of students towards both classroom ambiances. Findings

 

showed that students’ 

scores on

 

an 

Algebra understanding achievement test were higher in online courses than 

the scores in

 

traditional courses.

 

Lov

e et al. (2006) explored the effectiveness of web

-

based discrete mathematics courses on student performance outcomes compared to 

traditional mathematics courses. The findings showed that the students in a web

-

based 

course performed better than the students

 

in a traditional classroom. Similar results were 

found by O’ Dwyer et al. (2007) in their quasi

-

experimental research study. O’ Dwyer et 

al. (2007) explored the effectiveness of the Lousiana Algebra I Online model compared 

to the traditional fa

ce

-

to

-

face 

courses on 

achievement and attitudes of

 

257 students in

 

six 

school districts. Posttest results showed that students in the treatment group, which was 

an 

online group, performed higher than that of the control group, 

which was a 

face

-

to

-

face group.

 

 

Althoug

h these research findings provide empirical data based upon the learning 

outcomes

 

and not

 

the learning process, they 

fill

 

a 

gap 

in the literature as Dede et al. 

(2009) explain, “Evidence of effectiveness is often lacking, anecdotal, or based on 

