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One of the primary goals of the NSF Mathematics and Science Partnership Math Teaching and Learning Center (Math TLC) is to create a virtual master’s program for secondary mathematics teachers.  Consistency and quality of the online courses for the Math TLC program require a framework for course development and delivery.  The guidelines are based on distance education literature concerning general best practice for online teaching, research findings on teaching mathematics or mathematics education online, and on the experience of Math TLC faculty in teaching distance courses. 
Mayes, Luebeck, Mays, and Niemiec (2006) determined six themes required for quality distance education (Table 1) based on a review of the literature and interviews of faculty 

Table 1: Themes for Quality Distance Education

	Themes
	Indicators

	Audience

What do we know about our learners?
	· Learner characteristics

· Demographics

· Diversity (e.g., learning styles)
· Technical fluency 

· Motivation

· Anonymity

	Medium

What cognitive and technological tools do we use to support learning?
	· Influence of technology-based factors

· Transparent vs. transformative use of technology

· Embedded cognitive tools (e.g., whiteboards)

· Access to print and electronic resources 

· Synchronous vs. asynchronous delivery 

	Community and Discourse

What social and interactive tools do we use to support learning?
	· Role of community in effective on-line learning

· Building community through course structure
· Building community through discourse

· Building community through face-to-face meetings



	Pedagogy

What instructional strategies do we use to support learning?
	· Active, problem-based, learner-centered instruction
· Varied levels of interaction (e.g., learner-instructor vs. learner-learner)

· Multiple modes of interaction (e.g., one-on-one vs. group)
· Workload and awareness of student needs

	Assessment 

How do we assess on-line learning?
	· Prompt formative feedback
· Quality, honesty, and security in assessment 
· Effective measures of student understanding 


	Content

What unique challenges arise in presenting content?
	· Symbolic nature of mathematics

· Iconic/visual nature of mathematics

· Abstract nature of mathematics

· Mathematical technology (e.g., software and calculators)


teaching in two national online mathematics education degree programs.  These degree programs were funded by the NSF Center for Learning and Teaching program: 
· Appalachian Collaborative Center for Learning, Assessment, and Instruction in Mathematics (ACCLAIM)

· Center for Learning and Teaching in the West (CLT West)
ACCLAIM and CLT West were both multiple university collaborative efforts to create online Ph.D. programs in mathematics education.  Table 1 provides the six themes and associated indicators which can be used to guide quality distance education.  The Math TLC undertook the task of updating the literature review to include articles from 2006-2009 which would further inform the themes and potentially provide new themes.  Based on this new literature review the Audience Theme was expanded to include both student and teacher roles and was renamed the Audience/Teacher Theme.
Audience/Teacher Theme
ACCLAIM/CLT West Review: In any teaching situation, face-to-face or online, the student is the central character.  The Math TLC Master’s Program is serving inservice secondary mathematics teachers who are adult learners and professionals who fit the online demographic of predominantly older, non-traditional, female students (Perez & Foshay, 2002).  Perez and Foshay found that female students may find the self-discipline and self-pacing inherent in distance learning to be a drawback, but find it provides a positive alternative for those placebound by family or by rural settings.  Learner characteristics can be intensified in an online environment, creating unexpected barriers for the teacher.  For example an extrinsic, active learner may find the online course lacking in support.  Parker (2003) identified self-motivation and self-direction as learner characteristics that are essential to online success.  Diversity in ethnicity, gender, professional experience, and location can be a barrier, but can also provide depth and perspective to the online learning experience (Luebeck & Bice, 2005).  Learners are drawn to online courses for their convenience and flexibility (Sullivan, 2001), as well as the anonymity they provide.  The divested authority inherent in a distance course allows shy, math-anxious, and female students who prefer a less masculine discourse to challenge the instructor without face-to-face confrontation (Smith, Ferguson, & Caris, 2001; Sullivan, 2001; Taylor & Mohr, 2001).  In addition, teachers in online courses need to have technical skills in the areas of basic computing, computer communications, and computer applications to successfully offer the course (Huff, 2002).
Math TLC Review: According to Lim and Lee (2008) and Craig, Coldwell, and Goold (2009), the roles of online teachers can be grouped into three categories: (1) technical, (2) managerial, and (3) facilitative. For the role of technical advisor teachers need to know how to resolve technical issues quickly to enable students to remain focused on their learning.  In the managerial role teachers are required to plan the online courses, review the teaching and learning processes, and manage course timelines. Finally, in the facilitative role teachers need to engage students and keep them interested and motivated. In an online student-centered environment the instructor serves as the facilitator, while students collaborate with each other to develop personal understanding of course content. Teachers are expected to promote an online community which enables “questioning, reasoning, connecting, deliberating, challenging, and developing problem-solving techniques” (Craig, Coldwell, & Goold, 2009, p. 1181). Several roles have been identified for effective online teaching:

· Content facilitator, technologist, designer, manager/administrator, process facilitator, adviser/counselor, assessor, and researcher (Goodyear, Salmon, Spector, Steeples, & Tickner, 2001);
· Coach, counselor, and mentor (Yang & Cornelious, 2005);
· Moderator and tutor (Cowan, 2006);
· Facilitator, expert, planner, and tutor (Craig, Coldwell, & Goold, 2009).

Because the online environment is different from the traditional classroom, it is important for the instructor to motivate students to adjust their roles when becoming an online learner. The instructor should inform students earlier on about the roles students must take in an online learning environment and how to gain the benefit provided by technology supported education (Cowan, 2006). Students need to develop “sophisticated abilities in problem-solving, making judgments, searching, analyzing, thinking critically, and collaborating with others” (Cowan, 2006, p. 3). Online learning should also be viewed as more cognitive or internally oriented. Students must move from being a traditional passive classroom learner into an active online inquirer. Online learners are required to have more responsibility, adjust to a new environment, adjust to new context, know how to participate, synthesize ideas, apply ideas or concepts, and stimulate their own curiosity (Yang & Cornelious, 2005). Thus a role adjustment for students should be communicated by instructors if students are to experience success in an online environment. 
Many researchers have ascribed a facilitator role for online mathematics 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) found a positive instructor facilitator role in a course for inservice science and mathematics teachers that promoted the formation of a collaborative learning environment through a synchronous activity room.  Johnson and Green (2007) 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. Chinnappan (2006) believes that online instructors need to adopt a socio-constructivist approach in facilitating teacher reflections, learning, and mentoring by their peers (p. 367).  Maor (2003) and Johnson and Green (2007) described facilitators’ roles as social, technical, managerial, and pedagogical. The social role involved “affective support, interpersonal communication, setting a positive tone and keeping the communication flowing” (Maor, 2003, p. 135). Educators who teach online act as technical assistants to help students solve problems during their online interaction (Johnson & Green, 2007; Lim & Lee, 2008; Craig et al., 2009). 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). 
Recommendations for Audience/Teacher Theme:   
· Provide summary of learner characteristics to the faculty teaching Math TLC courses.  Include results of survey on learning styles, teaching situation, mathematics background.

· Provide professional development for teachers in the Math TLC course that address technical skills needed to use the course management system, online conferencing system, and mathematics or mathematics education software that arises in individual courses.

· Provide professional development on discourse in online environments for faculty leading courses.

· Address issues of online learning community, social presence, verbal immediacy, and nature of online discussion in faculty professional development. 

· Be aware of multiple instructor roles including technical, managerial, facilitative, social, and pedagogical roles.

· Be explicit about student roles in an online environment, including increased cognitive requirements, internal orientation, and active learner.
· Be present at the course site. For example, communicating to, mentoring, and actively interacting and engaging the students by using the announcements and discussion board postings. 

· Provide an orientation session that prepares students for the rigor of online learning.
· Identify ways to meet the needs of individual learners:
· Initially assess each student’s knowledge/skill level and preferred learning style.

· Provide an array of high-quality, interactive learning materials and activities.

· Individualize study plans.

· Highlight three elements of teaching presence (design and organization, facilitating discourse, and direct instruction) in faculty development and provide examples of how to improve in each area.  Provide ongoing support (e.g., Teaching Assistants) for instructors in each of these areas.

Medium Theme

ACCLAIM/CLT West Review: The online medium for providing Math TLC courses can be viewed as transparent or transformative (Bernard et al., 2004).  The transparent view is that online instruction is not significantly different from face-to-face, with effectiveness more dependent on learner characteristics, quality of instruction, and learning tasks.  Math TLC will take a more transformative view which values innovative strategies and the variety of resources that are made possible within an online environment.  Distance education media may result in increased reflection due to writing and peer interaction on-line (Hawkes, 2001), development of writing skills (Winkelmann, 1995), and improved problem solving and critical thinking due to peer modeling and mentoring (Garrison, Anderson, & Archer, 2001; Lou, 2004; Lou, Dedic, & Rosenfield, 2003; Lou & MacGregor, 2002; McKnight, 2001).   Cognitive tools within this media include two-way audio and video communication, electronic whiteboards for written communication, formative assessment tools that allow active student engagement, instant access to the worldwide web, Java-based interactive applets, and the capability of turning software program control over to the teachers.   In fact the online environment so ably emulates the face-to-face classroom interaction that Bernard et al. (2004) warn that the transformative process could be undermined.  Extensive access to online resources provides an opportunity to engage teachers in active learning through researching electronic reserves, exploring interactive applets, dialoguing with guest experts, and hyperlinking through embedded weblinks.  Faculty need to be aware that learners often misuse online course materials, ignoring active links and compiling hard copies of materials (Weems, 2002).  Math TLC will require the use of both synchronous interaction through an online conferencing package (Elluminate) and asynchronous interaction through a course management package (Ecompanion or Blackboard).  This provides the teachers with the anytime, anywhere freedom to construct deeper understanding that comes with asynchronous interactions (Bernard et al, 2004; Kubala, 2000) and the promotion of community, increased retention, and authentic interactive learning experience inherent in synchronous interactions.
Math TLC Review: To enhance the effectiveness of synchronous delivery the three strategies of (1) prework, (2) a leader guide, and (3) a participant guide are recommended (Hofmann, 2004).  Prework is any activity or assignment that students need to be accomplished before the live class session starts.  Consequently, instructors are able to concentrate on explanation and to address questions and issues. The leader guide is an outline that gives the instructor direction to follow so they stay on time and on topic while teaching the live class session. The participant guide is a slide presentation or document that students can print out in order to follow the instructor’s lesson. This document might include only key points of a presentation or a lesson (Ludlow, Collins, & Menlove, 2006).  Rovai and Jordan (2004) argued that asynchronous formats are a great tool for group communication and cooperative learning that promote a level of reflective interaction often lacking in a face-to-face, teacher-centered classroom.
Recommendations for Medium Theme:   
· Math TLC courses will have a once a week synchronous meeting supported by asynchronous meetings.  The synchronous meetings will be conducted through Elluminate and be offered on weekday evenings after 5:00 to ensure that all teachers can attend.

· Math TLC courses will have a course site conducted through a course management package (Blackboard or Ecompanion) for reporting progress, engaging students in active discussions via discussion board, e-mail, and chat room.  A common format for posting materials will be determined and implemented across courses.  It will include:

· Syllabus for course.
· Virtual Office for teachers to post concerns.
· Virtual Teachers lounge where teachers can discuss class or social issues.
· Course Units with all course materials posted, such as PowerPoint slides, course readings, resources.
· Threaded discussions will be implemented to engage teachers in peer mentoring.  They will be examined by instructor or graduate student a minimum of once a week.  Participation in the threaded discussion will be graded.
· Drop boxes provided for electronic submittal of assignments as well as returning graded assignments.
· Grade book online that is updated minimally once a week.
· Include video or audio components in the courses.  Research recommends keeping video minimal, using video for introduction and conclusion of session, but reducing video use in rest of course, and keeping teacher centered episodes to 20-30 minute modules.

· PDF format is recommended for sending documents and loading documents to websites to reduce accessibility problems.
· Be innovative; take advantage of the power of the technology to provide learning opportunities not as easily implemented in the on-site classroom.  For example: expert guest as hosts of chat room.
· Incorporate prework, leader guide, and participant guide.
· Use tracking mechanisms to reward reading as well as responding to messages.

· Develop consistent interfaces for all courses in a program.

· Use hyperlinks to provide additional online course materials. 
Community/Discourse Theme

ACCLAIM/CLT West Review: Teachers in online courses may feel isolated both from the instructor and other teachers in the course.  It is essential to create a sense of community in the Math TLC courses.  There are number of strategies for doing this through course structure including: use of email with immediacy of response and anonymity (Suderland, 2002), social thread incorporated into asynchronous site (Harrison & Bergen, 1999; Geelan & Taylor, 2001), grading the online discussion to improve engagement and learning (Rovai, 2003), posting personal introductions (Testone, 1999), and displaying participant pictures online (Sullivan, 2001).  King and Puntambekar (2003) found the construction of community in courses was essential to the context of the course and that engaging students in online discussions supported critical thinking.  Lack of discourse due to distance, isolation, or poor course structure can be a primary cause of retention problems in online courses.  Discourse can be facilitated through threaded discussions, chat rooms or forums, synchronous class sessions that include audio/video exchange, e-mail, and instant messaging.  Discourse should be open and content centered (Greelan & Taylor, 2001).  Inman  and Kerwin (1999) point out that even with all of the above, student-teacher discourse suffers without the visual cues available through direct eye contact.  Face-to-face introductory sessions are a means of building a sense of community, as well as providing a good opportunity for technology training and setting course expectations (Cooper, 2000; Huff, 2002).  Though Sullivan (2001) claims that lack of face-to-face interaction makes little overall difference in participants favoring distance education over site based courses.  
Math TLC Review: The absence of either student or teacher participation in an online course creates a learning environment in which the student feels isolated and disconnected.  Four types of interaction are important: learner-content, learner-interface, learner-instructor, and learner-learner.  Learner-content interaction is the interaction between the individual learner and the course content and material. Rich content enhances cognitive activity for learners. The components of learner-content interaction used in course design are course objectives, assignment descriptions, opening scenario, knowledge base, textbook, content review and practice exercises (Iverson, 2004).  Learner-interface interaction is a process of manipulating tools to accomplish a task (Hillman, Willis, & Gunawarena, 1994), allowing for learner access and participation in the course (Iverson, 2004). An example of good learner-interface is providing concise and clear instruction which allow learners to concentrate on learning and communication, instead of being anxious about accessing the instructional content and communicating with others. Learner-instructor interaction is the communication between the learner and instructor who prepared the course materials. To promote learner-instructor interaction consider offering an invitation to learn, using FAQ forum and e-mail messages, and providing feedback on assignments and quick responses to questions (Iverson, 2004). Learner-learner interaction is the communication among learners in group settings with or without real time presence (Iverson, 2004). The components of learner-learner interaction used in course design are peer-review and feedback, group discussion, and peer learning (Iverson, 2004). 

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 studies of mathematics online. 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 forum to a face-to-face course focused on mathematical pedagogy for K-6 mathematics and found that learning in a collaborative environment improved the pedagogical content knowledge of teachers. Collaborative learning allows beginning teachers to construct their pedagogical knowledge socially since “Beginning elementary teachers can learn mathematics and mathematical pedagogies through social interactions, meaning negotiation and shared understandings” (Chinnappan, 2006, p. 357). 

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 project. They found that student participation was either expository, where a student shares their own solution, or exploratory, conjoint production of a solution. Learners behave as an instructor when they report their solution, which is rare in many classrooms. Ramasamy (2009) believes that in online courses control of learning needs to shift from the teacher to the student, because weak interaction influences the course satisfaction of participants. O’ Dwyer et al. (2007) studied learners’ satisfaction in an Algebra I online program, finding that students were satisfied overall, but that interaction with their online teacher was not adequate. 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. Carey et al. (2008) investigated the impact of 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 interaction in the facilitated cohort group did not seem to influence teachers' mathematical understanding, their pedagogical beliefs, and their instructional practices more than in the self-paced group. 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). 

Dogan-Dunlap (2004b) reported on the integration of WebCT in two courses, Matrix Algebra and research methods, with the goal of fostering student-student and student-instructor interactions. Dogan-Dunlap pointed out the need for an effective organization of discussion boards that lets learners enter into interactions with each other by commenting on other’s reflections. Disorganized discussion boards gave rise to problems with assessing students’ reflections before class meetings. Creating folders according to group assignments and class assignments solved this problem.  
Recommendations for Community/Discourse Theme:   
· Be aware of the four types of interaction and how to improve them.

· Allow for learner-learner interaction through peer-review, group discussion, and peer learning.

· Incorporate a social thread into the asynchronous course site; this can be a Virtual Teacher’s Lounge where teachers can go to talk about non-class related items.  Use FAQ forum.
· Have teachers post a picture and short personnel introductions on the asynchronous course site to improve community.

· Threaded discussions will be required in the courses to promote communication and critical thinking.  The discussions will be read by either the instructor or graduate student within at most a week of posting deadline, with comments provided within the discussion.  The discussion will be graded for participation using a simple rubric such as 0 no posting, 1 posting lacks thoughtful comment and response to another teacher’s posting, 2 thoughtful posting that responded meaningfully to another teachers posting.  

· The threaded discussions should be organized by group assignments and class assignments to keep them organized.
· Synchronous course sessions will build community by requiring all teachers to respond in live discussions using both audio and visual (show themselves on webcam) media.
· Professional learning communities of 3 to 4 teachers will be engaged in synchronous sessions of their own outside of the synchronous course session, or will at least participate in threaded discussions around critical issues and enduring understandings in the course.

· Face-to-face community building sessions will be held for each new cohort a minimum of once in their initial summer semester in the program.
· Syllabus that outlines course content and objectives provided prior to course, then carefully followed.  Syllabus provides clear and explicit expectations, a timeline for the course, and an assessment scheme.
· Provide a course forum via discussion group that allows for questions on the course and concerns, separate from content discussion group.

· Virtual Office Hours at least 1 hour a week via Elluminate.

· Feedback must be constructive and timely.  E-mails concerning course should be responded to within two working days. Research recommends weekly quizzes or activities, incorporating collaborative projects, debate, dialogue, and conversational learning.

· Peer networks established to promote community and handle feedback demands.  For example, establishing class groups by geographic region, university, or professional level.
· Reflective journal via e-mail.
· Frequent faculty lead synchronous chat rooms to provide immediate feedback within small group interactions.
· Weekly projects to deter lack of peer interaction.
· Group bulletin boards – assign group leaders to summarize group input.
· Supplements for missed classes.
· Make class participation higher percentage of grade.
Pedagogy Theme

ACCLAIM/CLT West Review: Bernard et. al. (2004) believe that online courses should use constructivist-based approaches that provide for interpersonal interaction and create learner-centered environments.  They also espouse the use of problem-based learning to induce collaboration among participants. These pedagogies shift the role of instructor to that of content facilitator (Smith et al., 2001).  However the instructor needs to be aware that the majority of participants (75%) may resist group work (Hall, 1990). A paradox of distance education is that though participants are geographically isolated from the instructor, they may receive up to three times more one-on-one interaction then do site-based participants (Geelan & Taylor, 2001; Harrison & Bergen, 1999; Testone, 1999).  In addition to these increased learner-teacher interactions, the learner-learner interactions become essential to the development of community (Schmidt, Sullivan, and Hardy,1994).  These increased interactions paired with failure of the instructor to account for learner time required to complete assignments and students’ mistrust and misunderstanding about course material can lead to retention and motivation problems (Lawless, 2000, Sunderland, 2002).  To counter workload issues the instructor must address issues of perceived caring based on continuous support and availability.  Instructors must give serious consideration to teacher work load issues.
Math TLC Review: Online education can encourage students' deep learning and critical thinking skills when students are engaged in a problem-based situation or interact at high levels of cooperation and collaboration. Active learning is defined as any instructional method that engages students in the learning process through engagement in meaningful learning activities on which they reflect. Student activity and engagement in the learning process are main components of active learning (Prince, 2004). Problem-based learning (PBL) is an instructional method where relevant problems are introduced at the beginning of the instruction cycle and used to provide the context and motivation for the learning that follows (Prince, 2004; Spronken-Smith, 2005). In general, PBL involves significant amounts of self-directed learning on the part of the students (Prince, 2004). 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). Sendag and Odabasi 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).    Cooperative learning is an instructional method where students work in a group to pursue common goals while being assessed individually (Prince, 2004). Cooperative learning incorporates five specific tenets: individual accountability, mutual interdependence, face-to-face promotive interaction, appropriate practice of interpersonal skills, and regular self-assessment of team functioning (Prince, 2004, p. 1). The main component is a focus on cooperative incentives rather than competition to promote learning (Prince, 2004).  Collaborative learning is an instructional method where students work together in small groups to pursue a common goal (Prince, 2004). The distinction between collaborative learning and cooperative learning is “the emphasis on student interactions rather than on learning as an individual or private activity” (Prince, 2004, p. 1). 

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, and that they use hyperlinks to connect the unknown skills to sub-skills and provide examples. 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. Offenholley (2006) promotes threaded discussions to build a sense of community, encourage higher-order thinking, and provide opportunities for peer collaboration. She used WebCT in her online courses, statistics, liberal arts math, and basic skills algebra, to foster higher order thinking through placing concepts in a problem situation.  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 (Kramarski and Mizrachi, 2006), unless the instructors structure mathematical discussion and practice and reinforce mutual reasoning. They suggested using metacognitive guidance to structure online discussions. Metacognitive guidance involves a set of questions asked consecutively which are organized into four groups: comprehension, connection, strategy, and reflection. Hodges (2009) studied self-regulation strategies of freshman students in an asynchronous matrix algebra course, identifying seven self-regulation strategies: working practice quizzes, taking notes, reviewing notes, asking friend’s assistance, watching week-to-week grade progress, setting a goal of getting a good grade, and rewarding completed work with leisure activities.
Online mathematics education courses have incorporated a focus on children’s conceptual understanding (Cady, 2007), conducted hypothetical lessons (Chinnappan, 2006),  and used case studies (Alexander, Lignugaris/Kraft, &Forbush, 2007). The case studies involved narratives and PowerPoint slides meant to develop preservice teachers’ instructional skills. Each case study involved three sections: my turn, our turn, and your turn. In the my turn section 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 case study method improved teachers’ lesson design skills and students’ outcomes. Offenholley (2006) also incorporated narration into her PowerPoint presentations. Despite the difficulty of solving mathematics 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 students’ work and problems with new instructional models with other teachers. This approach led to increased teacher confidence in implementing new models, in sharing teaching concerns with peers, and in rural teachers expressing reduced feelings of isolation. 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, as well as linking the progress of concepts through different grades. The connections courses resulted in an increase in student satisfaction and student teachers found the program effective in terms of linking content, pedagogy, and reflective practice. 

Problem solving is a central focus of mathematics. Evans et al. (2008) reported findings on an online mathematics course for rural schools in Colorado with a focus on creating a collaborative problem-solving environment, which would then be a model for teacher participants in their practice.  Evans et al.’s (2008) found 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. They found that it was important that instructors model problem solving and engage teachers in collaborative problem solving situations. However, online mathematics instructors expressed concerns about modeling problem solving due to the sequential nature of mathematics, students learning abstract concepts, sharing visual representations, and the symbolic nature of mathematics as a language causing difficulties in online two-way communication (Smith et al., 2008). 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). Offenholley (2006) used a technique called round robin to get all students to work on the equivalent form of problems. 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. Kramarski and Mizrachi (2006) explored the impact of online discussion structured by metacognitive guidance on mathematical literacy and self-regulated learning. They found that the students’ level of mathematics literacy was higher with metacognitive guidance; students’ use of mathematical strategies and mathematical reasoning in the online+meta class were higher than students in the face-to-face class; students in the online+meta classroom justified their mathematical solutions more often than students in the online classroom; and students receiving metacognitive guidance in online discussion and face-to-face groups showed higher self-regulated learning than students not receiving guidance. 

Recommendations for Pedagogy Theme:   

· Pedagogy must be learner-centered, engaging the teachers in discussion and active knowledge creation.  Reduce greatly the time spent lecturing or providing information, provide opportunities for active learning.
· Pedagogy should include problem-based learning.  Focus on motivating lessons through application to the practice of teaching. 
· Pedagogy should use cooperative and collaborative learning techniques to engage teachers in meaningful discussions.  Establish Professional Learning Communities and provide them tasks to work on outside of the synchronous class.

· Use threaded discussions to build a sense of community, encourage higher-order thinking, and provide opportunities for peer collaboration
· Consider metacognitive guidance and self-regulation strategies in structuring online discussions.
· Mathematics education courses should incorporate hypothetical lessons, case studies, reflective discussions, and sharing student work.
· Problem solving should be a central focus of the courses.  Consider explicit modeling of problem solving, round robin problem solving episodes, and metacognitive guidance.
· Openly talk with teachers about the tasks assigned and their work load issues.

· Research indicates that texts or readings provided in advance provide needed course structure.
· The teacher provides online leadership in a manner that promotes student success through regular feedback, prompt response, and clear expectations.

· Prepare Discussion Posts that Invite Questions, Discussions, Reflections and Responses.
· Focus on content resources and applications and links to current events and examples that are easily accessed from learner’ computers.
· Plan a good closing and wrap activity for the course.
· Online instructor should stimulate learners to explain their reasoning in text format.
· Encourage experimentation, divergent thinking, multiple perspectives, complex understanding and reflection in online discussion through provocative, open-ended questions, modeling, support and encouragement for diverse points of view.

· Use other course activities to support convergent thinking, instructor directed inquiry, and scientific thinking such as written assignments, one-on-one tutorials, small group collaboration and self-testing.

· Develop initial course activities to encourage the development of trust.
· Encourage students to share their experiences and beliefs in online discussion.

· Require students to respond to their classmates postings and/or to respond to all responses to their own postings.
Assessment Theme
ACCLAIM/CLT West Review: Online courses require timely and constructive feedback on learner assignments, implying a strong need for formative feedback – feedback meant to provide the learner with direction to improve their understanding.  Incorporate performance tasks into the course that allow for multiple submittals.  Provide rubrics for evaluation of the tasks prior to the due date so the expectations are clear.  Summative assessments meant to test individual mastery can be a challenge in online environments, since you either must give open note tests or have a system of proctoring tests offsite (Cooper, 2000; Serwatka, 2002).  In either case, it is essential to align online assessments with course objectives that are performance-based and competency-based (Thompson, 2004).  Karr, Weck, Sunal, and Cook (2003) found that student performance in online course assessments is often worse than in onsite courses, perhaps due to more inadvertent hints about assessments when lecturing.
Math TLC Review: Research indicates that learners want convenience, flexibility, affordability, relevance (immediate applicability, and usefulness for employability), competence, reliability, choice, personalization, and rapid feedback (DiPaolo, 2002). Riccomini (2002) and Kashy et al. (2003) also pointed out that ongoing assessment of student performance linked to immediate feedback and individualized instruction would support learning.

Recommendations for Assessment Theme:   
· Formative feedback on learner assignments to assist instructor in adapting to student needs, provide self-assessments and pre-assessments.
· Performance tasks allowing multiple submittals should be incorporated into courses.
· Provide rubrics for scoring open-ended tasks prior to the due date. Define “meaningful” discussion participation clearly using rubrics and examples.
· Align assessments with performance-based and competency-based objectives.
· Content assessments should align with course objectives and be offered on-line to allow for flexibility.  If assessments are not online then be explicit about procedure for proctoring assessment.
· Early in the term-about week 3, ask for informal feedback on “How is the course going?” and “Do you have any suggestions?”

· Develop grading rubrics and provide examples for discussion participation that reward desired cognitive behaviors.
· Use multiple ways of providing quick feedback (FAQs, automated quizzes, self-assessments, peer review, instructor feedback on discussion and on assigned activities).
· Add a self-monitoring form for students to record their study time, note their learning processes, and create a self-evaluation to assess students’ online learning.
Content Theme
ACCLAIM/CLT West Review: The symbolic, iconic, abstract, and technology-supported nature of mathematics creates special challenges for teaching the subject on-line.  Engelbrecht and Harding (2005a) praised the flexibility and power of teaching on the Internet and the resultant paradigm shift to distributed learning, however the authors warned that mathematics provides particular challenges due to the nature of the subject.  First, mathematics is symbolic in nature and there are distinct problems in reproducing mathematical symbols in an on-line environment.  Second, mathematics is conceptual by nature and concepts may be difficult to develop due to the isolation of on-line learning.  Third, assessment of mathematics on-line is difficult due to the iconic, symbolic, and abstract nature of mathematics.  New technologies are overcoming these barriers, such as Mathematical Markup Language, Java applets, learning management systems like Blackboard and Ecompanion, and online video conferencing packages like Elluminate used with writing tablets.  Teaching mathematics content online is hampered by the loss of eye contact and body language.  The ability to develop mathematical community is also a challenge.
There are also benefits to teaching mathematics online that allow for a dynamic learning environment.  There are a wide range of mathematical resources that are available on the Internet, ability to provide immediate feedback, and sustained student interaction with meaningful mathematics.  In addition mathematics is less verbal and subjective than other subjects so debate and interpretation may play a lesser role, making the subject more amenable to on-line teaching.  

Karr et al. (2003) and Weems (2002) found that students performed as well in on-line mathematics courses as they did in face-to-face versions of the courses.    Karr conjectured that students had to become more independent learners and dig deeper to understand material if they took the course on-line.  Taylor and Mohr (2001) found that using a range of student-centered strategies, including relevant in-context materials, informal language, and reflective practice through keeping a diary and essay writing, had a positive impact on students’ mathematics anxiety and confidence in doing mathematics online.  However, Lawless (2000) found workload, a primary factor in retention, to be amplified in on-line mathematics courses due to the problem solving nature of mathematical tasks.  Testone (2003) supported the need for student-centered strategies in teaching a developmental mathematics course on-line, recommending that communication be clear and concise, highly visible through frequent contact with students, and empathic.  Cope and Suppes (2002) found that gifted high school students’ performance in computer-based calculus and linear algebra courses varied significantly.  They provided for varying ability by allowing students to review archived presentations and to progress at their own pace.  

Math TCL Review: In spite of challenges that arise from the symbolic or abstract nature of mathematics, researchers found online mathematics courses effective overall (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, finding that students’ scores on an algebra understanding achievement test were higher in online courses. Love et al. (2006) explored the effectiveness of web-based discrete mathematics courses on student performance outcomes, finding 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 study of the effectiveness of the Lousiana Algebra I online model. 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.
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.  Signer (2008) studied the effect of an online course on in-service teachers’ opinions about in-service education, their learning, and the quality of interactions, finding that in-service teachers had positive attitudes about all three. Owston, Sinclair, and Wideman (2008) studied the Teacher eLearning (TeL) project (TeL) which had goals of improving middle-school mathematics and science/technology teachers’ pedagogical knowledge, their classroom practice, and attitudes. The pre-post survey results showed that teachers’ pedagogical beliefs changed significantly, with teachers embracing the program’s open-ended, constructivist approach. 

Recommendations for Content Theme:   
· Be aware of barriers to teaching mathematics online, including the symbolic, iconic, and conceptual nature of mathematics.
· Assist students in becoming independent learners by using student-centered strategies.
· Use informal language, in-context materials, reflective practice through journaling.
· Be conscious of workload issues related to time required to complete mathematical assignments.
· Record class sessions so students can review the lessons.
· Online lecturers should give more detailed explanations for each step in the mathematical explanations of concepts, theorems, or examples during online class sessions.
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