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A variety of technologies have been developed to deliver instructional programs in distance education due to the increasing demand for online courses.  Bielefield and Cheeseman (2007) defined distance education as “teaching through the use of telecommunications technologies to transmit and receive various materials through voice, video, and data” (p. 141).  The growth of distance education in higher education has created new opportunities for both students and teachers. Students benefit from time and location independence. They are able to take classes when they have time and in a location that is convenient. Teachers get more flexible teaching schedules and enhanced accountability due to recorded class interactions. Aniebonam (2000) defined the benefits of online learning as (1) self-paced instruction; (2) the ability to incorporate text, graphics, audio, and video into the training; (3) opportunity for high levels of interactivity; (4) a written record of discussions and instructions; (5) low-cost operation; and (6) access to worldwide audiences.
Online Learning Format

There are two basic types of online learning formats which can be used in a variety of ways for content presentation and learner interaction during instruction. They are synchronous and asynchronous (Chen & Shaw, 2006).
Synchronous Online Format. Synchronous online learning formats require “the control of schedule, time, people, class size, video and audio equipment, and place” (Chen & Shaw, 2006, p. 89). All students and instructors in synchronous classes are meeting online and communicating at the same pre-scheduled times (Ludlow, Collins, & Menlove, 2006).  Synchronous online formats include presentation of content and interaction with learners through text chats, audio-conferencing, videoconferencing, and whiteboards (Chen, Chen, & Tsai, 2009).  To enhance the effectiveness of synchronous delivery, 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 accomplish 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).  
Asynchronous Online Format. Asynchronous online classes are offered in such a way that students can access and work on their assignment at different times and at their own convenience (Ludlow, Collins, & Menlove, 2006). When real time exchange among students is not required, asynchronous formats can be used for self-study components, courses, or workshops where individual students do work alone as well as for group activities, such as class discussions or group projects (Ludlow, Collins, & Menlove, 2006).  The asynchronous online format includes presentation of content through “Web pages, file download, e-mail, e-mail list, newsgroup, forum, chat, response pad, whiteboard, and screen sharing” (Chen & Shaw, 2006, p. 89). 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.
Roles and Responsibilities in Online Environment of Teachers and Learners
Online learning is widely acknowledged as a student-centered learning mode whereas traditional face-to-face learning is considered instructor-centered (Chen & Shaw, 2006). According to Gibbs’ (1995) and Bird et al. (2006), student-centered learning emphasizes:

· Learner activity rather than passivity, and what the student does in order to learn rather than on what the lecturer does in order to teach
· Students’ experience with the course content, outside the institution and prior to the course, rather than on knowledge alone

· Process and competence, on how students do things, rather than just on content and what they know

· And, more importantly, where the key decisions about learning are made by the student, or by the student through negotiation with the teacher, rather than solely by the teacher. 
While both teachers and students have a good understanding of what roles they play in a face–to–face environment, they should understand their roles in an online environment if they are to contribute and participate successfully. 
Roles of Online Teachers. According to Lim & Lee (2008) and Craig, Coldwell, & 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 to manage course timelines. Finally, in the facilitative role, teachers need to engage students and keep them interested and motivated.
During the processes of learning in online student-centered education, the instructor serves as the facilitator, while students collaborate with each other in order 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).
Some articles have suggested several roles which the online teacher should adopt to provide effective online teaching, such as the following:
· Content facilitator, technologist, designer, manager/administrator, process facilitator, adviser/counsellor, 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).
Roles of Online Learners. 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. 
Interaction and Communication
Interaction refers to the relationship between students-teachers back and forth in the learning environment. The absence of either student or teacher participation creates a learning environment in which the student feels isolated and disconnected. How to interact with online learners is always a challenge for instructors. Four types of online interactions are described below:
Learner-Content. Learner-content interaction is the interaction between the individual learner and the course content and material. This interacting process conveys the “changes in the learner’s understanding, perspective, or cognitive structure” (Iverson, 2004, p. 8). Rich content enhances cognitive activity for learners. For example, providing engaging and motivating course content helps learners not only to retain the course material in both short term and long term-memory, but also to feel connected to other 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. Learner-interface interaction is a process of manipulating tools to accomplish a task (Hillman, Willis, & Gunawarena, 1994). This interaction provides learners access to the instruction and allows learners to participate in other course activities (Iverson, 2004). An example of good learner-interface is providing concise and clear instruction which would allow learners to concentrate on learning and communication, instead of being anxious about accessing the instructional content and communicating with others. The interactive components of learner-interface interaction employed in course design are web-based resources (Iverson, 2004). 
Learner-Instructor. Learner-instructor interaction is the communication between the learner and instructor who prepared the course materials. The purpose of this interaction is to encourage and stimulate learners to be successful in the online class. In this environment, the components applied in course design consist of invitation to learn, FAQ forum, e-mail message, feedback on assignments, and quick response to questions (Iverson, 2004). For instance, instructors can use the announcement section to update all information regarding the class and give prompt feedback, comments, or answers to learners to encourage them to engage and participate in the class.  
Learner-Learner. Learner-learner interaction is the communication among learners in group settings with or without real time presence (Iverson, 2004). The interaction is primarily group discussions promoted through project questions posted by the instructor. This interaction promotes groups and individuals construction and use of knowledge. The components of learner-learner interaction used in course design are peer-review and feedback, group discussion, and peer learning (Iverson, 2004). For example, providing electronic tools to support group work will facilitate discussions and make group project work easier and more efficient. In addition, starting with a simple group assignment and then moving towards more complex group projects would allow students time to adapt to e-group projects (Iverson, 2004).
Instructional Method in Online Learning Process
Researchers (Prince, 2004; Spronken-Smith, 2005) have reported strategies to promote online learning communities through increasing levels of communication and interaction. 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. Examples of instructional methods or strategies in online learning include active learning, problem-based learning, cooperative learning, and collaborative learning. 
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).
Cooperative learning is an instructional method where students work in a group to pursue common goals while being assessed individually (Prince, 2004). In cooperative learning, students work individually in small groups on an activity, and then unite those works together as a whole project (Educational Broadcasting Cooperation, 2004). “The model incorporates five specific tenets, which are 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). In collaborative learning, students work together as a team to produce a significant project (Educational Broadcasting Cooperation, 2004). For example, a group of students works together on an assignment. 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). 
Strategies for Designing and Delivering Effective Online Education
The North America Council for Online Learning (NACOL) designed a set of quality guidelines in 2008 called “National Standards for Quality Online Teaching” . NACOL adopted some standards from “Standards for Quality Online Teaching”, which were developed by the Southern Regional Education Board in 2006 and added some minor modifications. The National Standards for Quality Online Teaching are identified below: 
1. The teacher meets the professional teaching standards established by a state-licensing agency or the teacher has academic credentials in the field in which he or she is teaching.

2. The teacher has the prerequisite technology skills to teach online.

3. The teacher plans, designs, and incorporates strategies to encourage active learning, interaction, participation, and collaboration in the online environment.

4. The teacher provides online leadership in a manner that promotes student success through regular feedback, prompt response, and clear expectations.

5. The teacher models, guides and encourages legal, ethical, safe, and healthy behavior related to technology use.

6. The teacher has experienced online learning from the perspective of a student.

7. The teacher understands and is responsive to students with special needs in the online classroom.

8. The teacher demonstrates competencies in creating and implementing assessments in online learning environments in ways that assure validity and reliability of instruments and procedures.

9. The teacher develops and delivers assessments, projects, and assignments that meet standards-based learning goals and assesses learning progress by measuring student achievement of learning goals.

10. The teacher demonstrates competencies in using data and findings from assessments and other data sources to modify instructional methods and content and to guide student learning.

11. The teacher demonstrates frequent and effective strategies that enable both teacher and students to complete self-and pre-assessments.
12. The teacher collaborates with colleagues.

13. The teacher arranges media and content to help students and teacher transfer knowledge most effectively in the online environment.

In addition, according to Boettcher (2008), ten practices for teaching online can assist the first time online instructors to establish best practices and achieve expectations in distance education. The best practices of effective online teaching include:
1. 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. 
2. Create a supportive online course community
3. Share a set of very clear expectations for your students and for yourself as to 

a. How you will communicate

b. How much time students should be working on the course each week
4. Use a variety of large group, small group, and individual work experiences
5. Use both synchronous and asynchronous activities
6. Early in the term-about week 3, ask for informal feedback on “How is the course going?” and “Do you have any suggestions?”
7. Prepare Discussion Posts that Invite Questions, Discussions, Reflections and Responses
8. Focus on content resources and applications and links to current events and examples that are easily accessed from learner’ computers
9. Combine core concept learning with customized and personalized learning
10. Plan a good closing and wrap activity for the course

Asynchronous Learning Network (ALN) Principles for Blended Environments. The Sloan Consortium, a consortium of institutions and organizations committed to quality online education, has established the ALN principles for blended environments, computer-based and face-to-face learning, which provide opportunities to improve students’ learning (Moore, 2004). The actual ALN principles for blended environment contain 12 principles developed from research findings from 1994-2004. These blended learning recommendations may not all relate to Math TLC online courses since they are not blended. For the purpose of the Math TLC online program, only six principles are presented in the table below.  Current research findings from 2005-2009 have been added to the ALN Principles matrix (see blue text).
	Research Finding
	Implication for Practice

	Learners want convenience, flexibility, affordability, relevance (immediate applicability, and usefulness for employability), competence, reliability, choice, personalization, and rapid feedback (DiPaolo, 2002).
To design courses to accommodate various learning and teaching styles, Twigg lists five key features for improving access and quality of learning, from the Pew Learning and Technology Program monograph “Innovations in Online Learning” (Twigg, 2001).
The promise for effective online instruction is to discover students' learning preferences, integrate technology tools, apply appropriate instructional techniques, put them all into practices, and generate the most suitable method for individuals (Yang & Cornelious, 2005).
	Principle 1: Identify ways to meet the needs of individual learners (Twigg, 2001):
· 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.

· Use built-in, continuous assessment to provide instantaneous feedback. 
· Offer appropriate, varied kinds of human interaction when needed.

	Blended learning can help allay feelings of isolation, anxiety and frustration. Garrison and Cleveland-Innes demonstrate the stages of role adjustment, and “a fundamental change in the control of time and the nature of the multi-dimensional (voice, word, image) interaction” (Garrison, Cleveland-Innes, 2004).
Students do not automatically provide supportive feedback, compliment each other, and express appreciation or agreement unless the instructor builds a learning community and transfers interactive roles to the students themselves (Conaway, Easton, & Schmidt, 2005).

	Principle 2: Provide continuous support for role adjustment.

To help learners succeed with the magnitude of role adjustment for cognitive, social and teaching presence:

· Require orientation (induction) courses that prepare students for the rigor of online learning.

· Use peer-to-peer interaction to support novice and expert online learning.

· Emphasize community-of-inquiry connectivity via synchronous and asynchronous interaction.

	While it may be that blended courses have the potential to exploit the best of face to face and online courses, some learning activities may be more easily and effectively done face to face, such as proctored testing, and clinical practice, teaching and internships (Hofmann, 2003; Valiathan, 2002).
Instructors should understand how to provide the online learning environment creating an interactive, deep, collaborative, and multidimensional thinking and learning environment (Yang & Cornelious, 2005).
	Principle 3: Ensure learning design appropriately integrates face-to-face and online components.

· Consider which components can be learned as well or better online, and what technology would best support these components.

· Design components specifically for skill-, attitude-, or competency-learning.

	Students engage more in online components when expectations and purpose are clear (Salmon, 2002 ; Taylor, 2002)
Learning effectiveness involves interactions with peers, teachers, interfaces, content and observation (Swan, 2003).
Because all students have an opportunity to contribute to ALN discussion, which can be difficult in face-to-face settings, they are more likely to prepare to participate in “making meaning” (Kassop, 2003; Sloan-C Effective Practices).
The instructor should stimulate dialogue in order to initiate and develop students’ engagements (Johnson & Green, 2007).
The students who received instruction in self-regulated learning such as managing study time, goal setting, and self-evaluation performed well in their online learning (Shen, Lee, & Tsai, 2007).
	Principle 4: Promote metacognitive reflection on the process of learning.

· Use well-defined E-activities to clarify goals for activities, to enable group cohesion, and to create legacy and reusable learning. 
· Spend time with learners early in the course to clarify purposes and expectations for online activities.

· Specify expectations clearly in syllabus, including time on task; clarify and negotiate as needed.

· Create small interdependent groups that require participation from all group members to achieve the group goal.

· Define “meaningful” discussion participation clearly using rubrics and examples.

	Clear, quick, timely feedback is critical to learning and to keeping students on track (Chickering & Ehrmann, 2003). 
ALN students have quick access to faculty, so faculty must manage student expectations so students don’t expect immediate responses 24/7 (Ragan & Terheggen, 2003).
Formal and informal feedback should be given regularly to communicate expectations, facilitate discourse, and for assessment (Johnson & Green, 2007).
	Principle 5: Provide timely feedback and clear expectations for response time.

· Use multiple ways of providing quick feedback (FAQs, automated quizzes, self-assessments, peer review of work, instructor feedback on discussion and on assigned activities).

· Manage students’ expectations for faculty response time to individual or group questions.

	The most important consideration for using technology is that it should provide added value. However, technology can also be a barrier, and the rush to update can be a pitfall (Clawar, 2004).
When students are required to participate online they need access to computers and networks either on campus or in other locations such as at home, in the library or through access centers (Lefoe, Gunn, & Hedberg, 2002).
Technology can encourage collaborative and self directed learning, development of critical thinking skills, and problem solving (The North Central Regional Laboratory, 1999). 'Progressive' and technology-based education provides better opportunities for self-direction (Phelps, 2003).
	Principle 6: Choose appropriate technology.

· Use technologies for which most users have access, gradually introducing options for more advanced technologies as user access increases.

· Meet accessibility standards for disabilities.
· Exploit the advantages of technology for action research, and for self-motivated and collaborative learning across space, time, disciplines, expertise and cultures.


Relationships Between Interactions and Learning in Online Environments. To ensure the quality of online instruction, an interactive online teaching-learning community should be developed by the instructor. This online community will augment the interaction between student-to-content, student-to-interface, student-to-instructor, and student-to-student as mentioned previously.  The e-mail, listserv, threaded discussion, and chat room provide efficient communication tools to build an effective online community. 
The Sloan Consortium, a consortium of institutions and organizations committed to quality online education, established practices in learning effectiveness by looking at the relationships between interactions and learning online (Swan, 2004). The effective practices in learning effectiveness were developed from research findings from 1997-2003. Recent research findings from 2005-2009 are noted in blue text below.
	Research Finding
	Implications for Practice

	Learning Effectiveness: Interaction with Content

	Online discussion/learning may be more supportive of experimentation, divergent thinking, exploration of multiple perspectives, complex understanding, and reflection than F2F discussion 

(Parker & Gemino, 2001; Picciano, 2002).
	· 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.

· Develop grading rubrics for discussion participation that reward desired cognitive behaviors.
· Develop initial course activities to encourage the development of trust.

	Online discussion/learning may be less supportive of convergent thinking, instructor directed inquiry, and scientific thinking than F2F discussion (Parker & Gemino, 2001; Picciano, 2002).
	· Use other course activities to support these such as written assignments, one-on-one tutorials, small group collaboration and self-testing.

· Develop grading rubrics for discussion participation that reward desired cognitive behaviors.

	Reflection exercises during and after online learning activities can improve students’ online learning (Saito & Miwa, 2007).
Promoting self-reflection, self-regulation, and self-monitoring, leads to more positive online learning outcomes. Features such as prompts for reflection, self-explanation and self-monitoring strategies have shown promise for improving online learning outcomes (Cook et al., 2005; Shen, Lee, & Tsai, 2007).
	· Add a self-monitoring form for students to record their study time and environment, note their learning process, predict their test scores, and create a self-evaluation to increase students’ online learning (Chang, 2007).

	Learning Effectiveness: Interaction with Instructors

	Teaching presence—design & organization, facilitating discourse & direct instruction—is linked to student learning.

(Shea et al., 2003).
The instructor’s role when facilitating discourse in online discussion boards is to help the students meet each other in order to get comfortable communicating. (Still now, meeting face-to-face is one of the most effective methods for community development) (Johnson & Green, 2007).
	· Highlight three elements of teaching presence (design & organization, facilitating discourse, and direct instruction) in faculty development and provide examples of how to improve in each area.

· Provide ongoing support for instructors in each of these areas.

	The quantity & quality of instructor interactions with students is linked to student learning (Jiang & Ting, 2000).
Without sufficient support from the instructor, students do not maintain the interest and engagement (Cleveland-Innes, Garrison, & Kinsel, 2009).
	· Provide frequent opportunities for both public and private interactions with students.

· Establish clear expectations for instructor-student interactions.

· Provide timely and supportive feedback.

· Include topic of instructor interaction in faculty development.

	Ongoing assessment of student performance linked to immediate feedback and individualized instruction supports learning
(Riccomini, 2002; Kashy, et al, 2003).
Question prompts asking students to reflect on their problem-solving activities improved the students’ online learning (Crippen & Earl, 2007).
	· Automate testing and feedback when possible.

· Provide frequent opportunities for testing and feedback.

· Develop general learning modules with opportunities for active learning, assessment and feedback that can be shared among courses and/or accessed by students for remediation or enrichment.

	Learning Effectiveness: Interaction with Classmates

	Learning occurs socially within communities of practice; there is greater variability in sense of community ratings in online courses than in F2F courses

(Gunawardena & Zittle, 1997; Brown, 2001; Haythornthwaite, 2002; Rovai, 2002).
	· Design community-building activities.

· Develop initial course activities to encourage the development of trust.

· Address issues of community in faculty development.

	Verbal immediacy behaviors can lesson the psychological distance between communicators online; overall sense of social presence is linked to learning

(Gunawardena & Zittle, 1997; Richardson & Swan, 2003; Swan, 2003).
	· Develop initial course activities to encourage the development of trust.

· Model and encourage the use of verbal immediacy behaviors in interactions with students, for example, giving individual feedback and communicating with learners by calling students’ names.
· Encourage students to share experiences and beliefs in online discussion.

· Introduce social presence and verbal immediacy in faculty development.
· Promote student’s social presence: The electronic discussion board allows the moderator to create groups of participants. The discussions can then take place in several smaller groups, rather than in one large group. This gives more students a chance to participate, as their voices are more likely to be heard (Johnson & Green, 2007).

	Student learning is related to the quantity and quality of postings in online discussions and to the value instructors place on them

(Jiang & Ting, 2000).
Learning outcomes should not be only measured through students' grades, but also through their deep learning, higher order thinking, critical thinking, or problem-solving skills (Yang & Cornelious, 2005).
	· Make participation in discussion a significant part of course grades.

· Develop grading rubrics for discussion participation.

· Require discussion participants to respond to their classmates postings and/or to respond to all responses to their own postings.

· Stress the unique nature and potential of online discussion in faculty development.

	Students learn better when the design of asynchronous discussion board provides an opportunity for students to collaborate and interact through asking and answering questions (Brewer & Klein, 2006).
Discussion boards provide a comprehensive picture of the nature of students’ understanding by preserving a record of their conversations with one another, and this information can be productive for guiding instructional decisions (Groth, 2008).
	· Encourage and support peer interaction of students whom actively process the interactions of others.
· Require discussion summaries that identify steps in the knowledge creation process.

· Use tracking mechanisms to reward reading as well as responding to messages.

	Learning Effectiveness: Interaction with Course Interfaces

	Interactions with course interfaces are a real factor in learning; difficult or negative interactions with interfaces can depress learning (Hillman, et al., 1994; Hewitt, 2003).
	· Develop consistent interfaces for all courses in a program.

· Provide orientations to program interfaces that help students develop useful mental models of them.

· Provide 24/7 support for students and faculty.

· Make human tutors available.

	Patterns of interaction in online discussion are dictated as much by the flagging of unread notes and display of individual messages as by anything else (Hewitt, 2003).
	· Make students responsible for sustaining discussion threads.

· Make students summarize discussion threads.

· Require students to incorporate materials from the discussions in their assignments.

	Better transfer of learning occurs when narration and animation are presented simultaneously, in conversational style, with irrelevant elements and on-screen text eliminated (Mayer, 2001).
	· Present words in conversational style

· Use both words and pictures simultaneously.

· Avoid extraneous video & audio.

· Do not add redundant on-screen text.

	Better transfer of learning occurs when components of concepts are addressed first, when organization is signaled, and when the pace of presentation is learner-controlled

(Mayer, 2001).
Interactive video has an effect on the student’s learning. The effect of video on learning hinged on the learner’s ability to control the video (Zhang et al., 2006).

	· Begin presentations with descriptions of components and organization.

· Allow learners to control the pace of presentations.
· Include interactive video under the control of the student
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