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STRATEGIES TO IMPROVE COGNITIVE OVERLOAD OF 

AN ONLINE COURSE: A CASE STUDY
Tzufang Huang

Rossier School of Education of University of Southern California 
USA 

tzufangh@usc.edu
Abstract. According to a report of US Department of Education, fifty- six percent of US postsecondary institutions have provided distance education courses (National Center for Educational Statistics [NCES], 2003). Although online education is popular in higher education, the dropout rate of online courses is between 30 percent and 50 percent, which is higher than traditional courses (Lee, & Witt, 2001). How to keep students staying in online courses is an important issue. Cognitive load theory has been used an important theory to examine cognitive issues of online learning. It also plays an important role in guiding educators to design appropriate instructional interventions for online courses and then to reduce the dropout rate of online courses. Clark (2002) presented a turning research into results process model to help educators explore gaps between an organization’s goals and its current situation and then use appropriate solutions to close gaps. This paper will use cognitive load theory and Clark’s turning research into results process model (2002) to examine an online course’s performance gap and to provide solutions to resolve the gap. 
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Clark’s Process Model 

Clark’s model (2002) suggests that educators should do four things. First, they have to identify performance goals for their organization. Then, they should determine performance gaps and causes of the gaps from three aspects: knowledge/skill, motivation, and organization. After analyzing the gaps and the causes, educators can find out proper solutions to solve problems and to close the gaps. Finally, educators should evaluate their solutions by a four-level evaluation plan. 

Problem

Instructional Design Technology 500 (IDT 500) was an online course offered by an instructional design program at a University in southern California. IDT 500 taught students how to use Flash Professional 8 and how to apply it into instructions. The course lost fifteen percent of students after four weeks of the semester in 2007 fall. In the middle of the semester, thirty percent of students could neither fulfill all assignment requirements nor turn in assignments on time. In the end of the semester, forty percent of students were unable to apply what they had learned to create a project. This paper will examine IDT 500’s problem, find the causes of the situation, and provide effective solutions to improve the course and to keep students staying in the course based on Clark’s model (2002) and cognitive load theory.

Performance Goal

All IDT 500 students should be able to use Flash Professional 8 tools create a project including shape tweening, motion tweening, backward and forward buttons, filters, blended modes, texts, and sounds.

Gap

Only 60 percent of IDT 500 students were able to do the project including all elements required by IDT 500 instructor. Forty percent of a gap exists in IDT 500. 

Cause Validation of the Gap

Only 60 percent of IDT 500 students were able to do the project including all elements required by IDT 500 instructor. Forty percent of a gap exists in IDT 500. The way to validate causes was a survey. The survey was designed by five-point Likert Scale (from strongly agree to strongly disagree). Some open questions were also included in the survey. The survey contained four sections: student self-evaluation, instructor evaluation, instructional design evaluation including technology facilities, and program evaluation. Several things could be realized through the survey: students’ knowledge levels, the cognitive load status of students, instructional design and technology problems, interactions between the instructor and students, and the support of the program office. 

Cause of the Gap

The results of the survey showed that IDT 500 students experienced cognitive overload. The gap was a knowledge and skill gap. All IDT 500 students never learned Flash Professional 8. Students complained too much information was provided at once, and the way to present information was not organized. They had to spend a lot of time in navigating course material and sometimes did not know where to find information they needed. In addition, students felt it was hard to read and to follow each step when they practiced exercises because that all lectures were only presented in texts and graphics. Students also mentioned that assignments were hard, and worked examples provided by the instructor were not helpful to do their assignments. 

Because IDT 500 students were novices in Flash, the nature of Flash knowledge for them was difficult and their intrinsic cognitive load was high. According to the cognitive load theory, the course design should reduce unnecessary activities and presentations when students’ intrinsic cognitive load was high. However, the way to present material in IDT 500 exceeded students’ working memory capacity and increased students’ extraneous cognitive load.

Cognitive Load Theory and Online Learning Literature Review

Online learning easily causes split attention, learning redundancy, and the increase of extraneous cognitive load because online courses are easy to have more activities irrelevant to schema construction and automation than face-to-face courses (Mayer & Chandler, 2001; Bruggen, Kirschner, & Jochems, 2002; Gerjets & Scheiter, 2003; Chang, & Ley, 2006). Irrelevant activities refer to connecting to the course Web site, dealing with technical problems, navigating material through many links, and determining useful information (Nielsen, 1990; Harter, 1986; Marchionini, 1988; Chang, & Ley, 2006). In addition, most online courses present information in two or more formats, such as audio, video, graphic, and text. Sometimes, it is redundant to present information in many ways because this can increase extraneous cognitive load (Sweller, Van Merrienboer, & Pass, 1998; Bruggen et al., 2002; Brunken, Plass, & Leutner, 2003; Chang, & Ley, 2006). 

For reducing extraneous cognitive load, learners should print online material so they do not need to connect to the Internet, use various hyperlinks, and navigate web pages to find material each time. Printing material can reduce searching time and unnecessary activities and thus prevent high extraneous cognitive load (Cakir, Hart, & Stewart, 1980; Muter, 1982; Barker & Tedd, 1999; Chang, & Ley, 2006). In addition, instructors should use conceptual maps to organize courses, to systemize information, to generate a hyperstructure, and to export maps in the XTM format to the course Web site. Conceptual maps are beneficial to elaboration learning of learners and the re-use of elaborated material. Conceptual maps can reduce extraneous cognitive load and facilitate schemas construction of learners (Cañas, Novak, & González, 2004). 

When designing conceptual maps, instructions should take four requisites into consideration (Cañas et al., 2004). First, instructors should organize the course content according to their course goals. Second, instructors should design elaborated course contents which give student a clear structure when they browse the course. Third, instructors should use textual, graphic, and sounding methods related to the contents. Finally, instructors should use keywords to connect the concept to where the concept will work on in the course. For example, a definition of time management is put in an exercise list and a discussion question. A keyword should point out that time management is in the exercise list and the discussion question. The keyword can be designed as time management definition-referring to exercise list B and discussion question C (Cañas et al., 2004).

In addition to conceptual maps, information filtering systems also called personalized information systems play an essential role in reducing cognitive load (Quiroga, Crosby, & Iding, 2004). Information filtering systems include recommenders, altering services, and selective dissemination of information. Learners can personalize information according to their preferences. When learners can organize information in a prioritized order, they can avoid cognitive overload caused by too much information (Quiroga et al., 2004). 

Instructional design should also provide variability of practice to encourage students to construct schemas. Such practices can increase mental effort as well as germane cognitive load. In addition, instructional design should also allow students to organize online learning material, such as manipulating events and photos. Students should also be able to explain their material by themselves. These activities can increase germane cognitive load and facilitate students’ schema construction processes (Van Merriënboer & Ayres, 2005). 

Solutions to the Knowledge and Skill Cause

All solutions to improve IDT 500 are based on the literature review related to cognitive load and online learning discussed above. Solutions will be used to reduce extraneous cognitive load and intrinsic cognitive load and increase germane load to generate schemas construction and automation. The first solution will be that IDT 500 course lectures will be presented in videos with visual information and audio explanations. Then, the instructor will use conceptual maps to develop a hyperstructure with well organized information, so students can easily access to information without spending too much time navigating Web pages. Third, the instructor will use advanced organizers to help students find out their learning styles and develop their cognitive strategies. In addition, students will download each lecture video and print course material to reduce irrelevant activities, which may cause extraneous cognitive load. Furthermore, students will develop self-explain skills to explain material to themselves and construct learning schemas and automation. Finally, the program will integrate filtering systems into the course management system, so students can use the filtering systems to personalize information.

Evaluation of Solutions

The solutions proposed are integrated into instructional design in the next semester and their effectiveness will be measured by four levels: reactions, performance, transfer, and impact. 
Reactions

First, data will be collected by a feedback survey to realize how students and the instructor are aware of and react to the proposed solutions. Second, online behavior of students and the instructor will be observed.

Performance

After the intervention, three aspects will be evaluated to understand if students perform differently. First, we will evaluate students’ assignments to check if students can finish assignments fulfilling all elements required by the instructor. Second, reports from the instructor regarding to students’ performance will be used to evaluate students’ performance after the intervention. Third, grades of students before and after the intervention will be compared.

Transfer 

A self- report survey and an interview will be used to evaluate if they transfer what they learn in this course to other settings. 

Impact

Students’ projects, portfolios, and grades will be used to measure if the gap is closed. In addition, interviewing students to understand their situations is also an evaluation way.  
