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Introduction 

Massive Open Online Courses (MOOCs) as they exist today are no different from a 

traditional in-person class. The architecture, organization, and interactions all seek to imitate the 

traditional class format, and do not take advantage of the learning opportunities and tools on the 

Internet, their new medium. Everything surrounding MOOCs, including context of use, learners, 

and digital capabilities, are all drastically altered, but somehow the courses essentially stay the 

same. Currently, MOOCs do not innovate on traditional class architecture and organization. In 

addition, the support structure required for students to stay engaged with the course, to complete 

it, and to connect with other fellow students is commonly limited or missing entirely. 

The motivation for tackling a more effective translation from a traditional course to a 

more ideal online format stemmed from multiple sources. It initially materialized from our 

personally disappointing experiences with MOOCs, but we soon realized that significant 

improvements in this area could have a valuable impact on the large numbers of learners who 

take online courses. Any improvements made on the translation process can have a huge impact 

on both teachers of these courses, and on the learners who depend upon them for their education. 

In fact, in some parts of the world where higher education is not as accessible or attainable, 

MOOCs might serve as a learner’s main source of structured education. Future generations will 

also be used to having more efficiently digitized aspects of daily life, and thus will directly 

benefit from and be more likely to utilize an online class that is better suited to the digital 

medium.  

We attempted to redefine several aspects of traditional courses that MOOCs simply 

accept without question currently. For example, we needed to re-imagine syllabi and their role in 

the classroom. How might the traditional syllabus be better adapted to an online environment? 
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We also questioned the number of weeks that were typically to complete assignments. If the 

course is online and accessible to students in various time zones, shouldn’t there be more 

freedom to work through the course material at the learner’s own pace? As the courses exist now, 

they have extremely high dropout rates, but no consideration as to why this is undeniably the 

case, or how to mitigate it. Since students are taking the course of their own volition and in their 

free time, are there ways to provide motivation for students to actually engage in and finish the 

courses? 

Project Goals 

The main goal of our project was to redesign the concept and structure of an online, 

college-level course to take advantage of the opportunities provided by a digital context while 

adhering to recognized educational theory. Specifically, we chose to translate a course we had 

experience with. SI 501 is a well-known foundational course in the University of Michigan 

School of Information, and we envisioned ourselves in the role of professors needing to convert 

the course to a MOOC or digital environment. 

We hoped to fulfill the original SI 501 course goals, but also to restructure the way the 

course was presented so that the information architecture would be more efficient and clear than 

in existing MOOCs. Ideally, we aimed to transform the MOOC into a platform that would allow 

for learner agency and provide new and different ways for students to explore and experience the 

content of the course. Our new MOOC would support a learning community that allows cost-free 

mistakes but still encourages progress to increase learner motivation and the likelihood of course 

completion. Overall, we hoped our process would demonstrate a new approach for how 

professors might effectively move their existing classes to an online format. We specifically 
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tackled SI 501 in this regard because it includes the toughest aspects to effectively transfer online, 

such as collaboration and team-based projects. 

We aimed to keep many of the original learning goals of SI 501 in the online translation, 

but ultimately decided that the online context was insufficient for other aspects that did not speak 

directly to the main goals of the course. We still wanted the digital version of the course to teach 

students how to work effectively in teams, and for them to learn how to utilize certain 

investigative methods to collect and analyze data about organizational information use, such as 

interviews and contextual inquiry. We wanted to incorporate team collaboration through an 

affinity diagram to help analyze and evaluate the organization’s current practices and provide 

material for specific recommendations for improvement to a client. However, we chose to drop 

some smaller, peripheral goals of the course, such as those related to project management. 

Ideally, we aimed for the re-imagined course to provide multiple opportunities to improve the 

learner’s communication skills and reflect on their experiences throughout the duration of the 

course. 

Theoretical Foundation 

Our translation of SI 501 into an online environment incorporated elements from a 

variety of theoretical approaches. In particular, we drew inspiration and knowledge from 

constructivism, cognitive science, metacognition, and behaviorism. 

Constructivism 

Constructivism’s central belief that knowledge is built by learners in response to their 

unique interactions with the world was a driving force not only behind our design, but also 

behind our decision to use SI 501 as a sample (Ertmer & Newby, 1993). This learning theory 



RE-DESIGNING THE STRUCTURE OF A MOOC 5 

emphasizes that “appropriate and effective use [of tools] comes from engaging the learner in the 

actual use of the tools in real-world situations” (Ertmer & Newby, 1993, p. 64). SI 501 embodies 

this attitude by calling upon students to apply concepts and tools such as data visualization 

models to real-world problems in a context that requires constant active thought and problem 

solving. We believe that many MOOCs are currently ineffective in part due to the lack of this 

active engagement, which does not allow students the opportunity to construct their own 

personal understanding of the material. 

In our comparative analysis, we noticed that certain subjects seemed better suited for 

online learning; chief among these were extremely hands-on topics such as programming. 

Students studying a coding language such as PHP or Python generally do so through active 

assignments in an environment very similar to the real-world context of programming. In 

contrast, an online course teaching literature or science might simply ask students to passively 

take in lectures and readings devoid of much context. Constructivism specifies that “learners 

need to engage in mindful work to actively construct their own knowledge” (Quintana, Krajcik, 

& Soloway, 2003, p. 278). There is also importance placed on students developing some sense of 

ownership for their work (Oliver, 2000). A mostly or entirely passive course does not allow for 

any of these benefits. We therefore believe these classes’ lack of great success is rooted in their 

failure to adopt these principles. 

Another important tenet of constructivism revolves around the benefits of a social context. 

Alone, a student cannot move beyond his or her own knowledge and understanding, “but in 

collaboration or communication with other students, can be introduced to varying and discrepant 

points of view with which to consider the merits of his or her own mental model” (Oliver, 2000, 

p. 7). Some of the more successful MOOCs, such as Codecademy, incorporate this by providing 
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discussion areas where students can ask questions or provide advice on particular lessons. As 

students in SI 501 are asked to work in teams with peers, this “community (or culture) of practice” 

is created, allowing students to build their knowledge through interactions and communications 

with others (Quintana et al., 2003, p. 278). 

Choosing SI 501 allowed us to design for a class already modeling constructivist ideas. 

Additionally, we worked to integrate principles of constructivism into our design by focusing on 

active, mindful assignments, turning to passive material such as readings only to set the 

contextual framework in which students can build their knowledge. We made sure to maintain 

the existing social aspects of the class, while finding alternate community-based solutions for 

students engaged in our “solo track.” As constructivism also places “an emphasis on learner 

control,” we made flexibility a major focus of our design; in this same vein, we worked to 

present the same information in different ways to meet a wide variety of learner needs (Ertmer & 

Newby, 1993, p. 65). Finally, we made sure to incorporate scaffolding, defined as “support 

strategies used by a teacher to help students carry out previously inaccessible cognitive activities” 

(Quintana et al., 2003, p. 279). All these elements work in support of constructivism, helping us 

design and develop an online course that allows for a more active and engaging experience than 

many that currently exist. 

Cognitive Science 

One of the more difficult issues we wanted to tackle in this project was the use of lectures, 

readings, and other acts of “transmission” that happen in MOOCs. To help guide our 

understanding and design of these activities, we relied on Richard Mayer’s cognitive theory of 

multimedia learning. In “Cognitive Theory of Multimedia Learning,” Mayer presents a theory of 

learning based on mind’s natural attributes: dual channel processing, limited processing capacity, 
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active learning through mental model construction (2005). When multimedia learning is 

designed around and for these abilities, students are more likely to engage in meaningful learning.  

Mayer’s paper outlines three cognitive science principles that we have used to help 

design our information transmission activities. He shows that students learn best when they are 

presented with coordinated audio and visual material. While visual information is processed 

differently than verbal information, presenting coordinated visual and audio stimuli helps 

students form better mental (both visual and auditory) models. When information is presented in 

a dual channel processing way, designers and educators must be aware of Mayer’s second 

principle: the mind’s limited capacity for processing. “When an illustration or animation is 

presented,” he writes, “ the learner is able to hold only a few images in working memory at any 

one time, reflecting portions of the presented material rather than an exact copy of the presented 

material” (p. 35). The same is true for our verbal processing capabilities. For this reason, 

designers need to limit the amount of information they present at any given moment. Too much 

information or too complex information can overload the learner’s ability to process that 

information. Finally, this cognitive science approach suggests we engage students in activities 

that lead them to create different kinds of models, comparisons, and other mental structures. 

When we surveyed other MOOC platforms, we observed that they often did not 

coordinate their presentation modes and readings. Lectures were usually presented in the form of 

simple videos and readings were simply text. Rarely did both audio and visual sources of stimuli 

present in the same activity. Some MOOCs, like Codecademy, engaged students in active 

learning, but did not necessarily help them form mental structures and models.  

 



RE-DESIGNING THE STRUCTURE OF A MOOC 8 

Metacognition 

An important theoretical component of our redesigned MOOC is the deliberate use of 

metacognition. When we talk about metacognition in learning, we are referring to the use of 

regulation or thinking about our learning. This involves regulating our progress, evaluating our 

own work, and reflecting on what we have already done to improve in the future. Our system 

uses metacognition to help students evaluate their work, without requiring direct peer review and 

grading, through the use of reflection.  

The literature commonly holds that reflection is great way to help students improve their 

learning experiences. Reflection also encourages students to be problem solvers and adaptable 

thinkers. However, according to Quintana, Zhang, and Krajcik (2005), “students will rarely 

realize the importance of reflection and will fail to reflect thoughtfully on what they did or 

learned and how they can improve” (p. 238). They will ask questions or produce papers, but not 

complete the learning process by reflecting on how they accomplished these tasks and how they 

can improve their performance.  

While peer-to-peer grading and evaluation can provide the trigger for reflection, we 

decided not to formally incorporate it into the course, but instead provide informal channels 

through the use of discussion forums. When we began our project, we interviewed Dr. Charles 

Severance about his experience with MOOCs and we learned that online peer-peer evaluation 

can be incredibly harsh and destructive to students’ ability to finish courses. For this reason, we 

will encourage students to use the discussion forums for their own good. Students will be able to 

post their own deliverables to the discussion forums for feedback and comment on others. If they 

are having trouble, they can visit the forums for help or look at what others have done for hints. 

Users’ contributions to the community will be rewarded through the progress meter. If our 
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MOOC incorporates real clients, then this feedback channel will become a platform to evaluate 

and find the best work. 

Behaviorism 

We designed our assignments and course in a manner that require the learner’s active 

engagement and involvement throughout. Although some behaviorist learning theorists interpret 

the student role as passive, they seem to be misunderstood, as B.F. Skinner (1968) clearly states 

that a learner does not “passively absorb knowledge from the world around him but must play an 

active role” (p. 5). Skinner essentially says that the process of learning is facilitated by doing, 

experiencing, and engaging in trial and error. Thusly, the SI 501 online course features 

information transmission and assignments that are as interactive, hands-on, and engaging as 

possible. Students have the opportunity to do and experience the material in the assignments. 

Engaging in trial and error can occur while completing the assignment or when presenting it to 

group members or to other groups (if they are in the collaborative track) for critique. 

Behaviorism also inspired our re-imagination of the course as a method of encouraging 

learner agency. Giving greater freedom to decide one’s path through the class gives learners a 

positive feeling of empowerment and co-creation that keeps them engaged in the course (Gee, 

2004, p. 17). Being able to see how the material is organized and how each concept fits into the 

overall course is also an important idea that we drew from behaviorism. This fits with Gee’s 

(2004) principle that learning most easily occurs when learners are able to see how the skills and 

concepts fit into the overall whole (p. 22). 

SI 501 contains fairly complex material. Competency in the behaviorist learning theory is 

attained through incremental learning in small, sequential steps (Burton, Moore, Magliaro, 1998, 

p. 9). Thus, we felt that the course materials should only build upon what the learner has 
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completed thus far, in meaningful, small steps. This is also mirrored in Gee’s concept of problem 

solving in game design, which mandates that problems be well-ordered so users do not face 

unnecessarily complex problems too early, before they have been fully equipped to take them on 

through experience (2004, p. 19). 

Ertmer and Newby (1993) state that one of the basic assumptions of behaviorism is the 

“use of reinforcement to impact performance [tangible rewards, informative feedback]” (p. 56). 

We gamified our system utilizing this behaviorist approach to encourage overall course 

participation and engagement. Indeed, as Driscoll (2005) states, “behavior is more likely to 

reoccur if it has been rewarded, or reinforced” (p. 35). We specifically chose positive 

reinforcement through an omnipresent progress meter to drive increasing course engagement, as 

“consequences can also be reinforcing, that is, tend to maintain or increase a behavior, or they 

may be punishing, that is, tend to decrease or suppress a behavior” (Burton et al., 1998, p.11). 

Target Audience and Intended Context of Use 

Target Audience 

We narrowed our target audience to be college students, who are at an age range in which 

they possess more advanced communication skills and a personal, vested interest and motivation 

in learning the subject being taught, at least initially. We are assuming these students will be 

signing up for the class on their own initiative and will not be receiving course credit or 

institutional support (similar to Coursera). 

The target audience may eventually also include the typical general audience for MOOCs. 

This includes all genders, ages, and a geographic location of anywhere the Internet is readily 

accessible. This implies that our course can be used by students located anywhere, at any time. 
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Context of Use 

We will translate SI 501 to a digital environment for an individual learner without a 

support structure. This MOOC will be designed to be used independently of a formal learning 

environment. While many online courses and MOOCs can be used in a variety of environments 

and contexts, we will primarily design this course for the learner without a support structure, and 

then secondarily for learners with support structures. This means that we will focus on designing 

courses for those students who are not currently learning the topic of the course in a more formal 

learning environment (e.g. college class). In the case of SI 501, our translation will be intended 

to be used by learners who are not currently in the course. Also in this context, the learner will 

have a computer and an internet connection. 

Personas 

To help in our redesign and restructuring of MOOCs, we constructed three different 

personas who were in our target audience, but had very different needs. “Chris the Undergrad” 

struggled with motivation and needed strong guidance and support. In contrast, “Tom the Grad 

Student” did not need guidance or help with his motivation. Instead, he required flexibility and a 

course that allowed him to pick and choose which sections he needed to learn. Finally, we 

created “Janet the Young Professional,” who also required flexibility, but needed deliverables to 

help her expand her work portfolio. See Appendix A for the full details for all three personas. 

From these personas, we figured out that we needed to create a course that could meet 

each of its users’ different scheduling needs, would provide strong structure for guidance in a 

way that allows more expert users agency, and which produced documents for students to show 

off their newly acquired skills.  
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Terminology 

In this section, we will briefly outline some important terminology and concepts for those 

unfamiliar with the course SI 501. The course is also known as Contextual Inquiry and Project 

Management, and must be taken by all first year masters students in the School of Information at 

the University of Michigan. Students are assigned clients and throughout the semester work in 

teams of five to study and address an information-based process or system. This is accomplished 

through the technique of contextual inquiry, which asks researchers to analyze and understand 

the context in which the problem is occurring so that effective recommendations can be made. 

Examples of projects completed by students in the class include helping a non-profit 

organization develop a more efficient system for managing and tracking volunteers, helping the 

School of Information implement a clearer and more effective room scheduling system, and 

more. 

Contextual inquiry is accomplished by having researchers engage in a series of 

informational interviews with various users and managers of the system in question. Researchers 

are also encouraged to observe these interviewees moving through the steps they ordinarily take 

when using the system. Data collected during interviews is then interpreted by the team and 

transformed into models or diagrams which visually represent important information, such as the 

sequence of steps involved, the flow of communication among those involved with the system, 

the culture of the client’s workplace, and so on. Models are created for each interview subject’s 

data. Models of a certain type, for example the cultural model, are then consolidated into one 

model. 

Once all models have been completed, the team gathers their notes and engages in 

affinity diagramming. This method involves arranging, rearranging, and categorizing ideas on 
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Post-It Notes until the team has managed to develop a clear structure for their thinking and 

understands the central problems causing the smaller issues and breakdowns in the system. These 

central problems become the team’s findings, and are presented to the client along with a set of 

recommendations to address each one. 

System Overview 

Solo Track vs. Collaborative Track 

Constructivist theory and our personas’ needs for flexibility contributed to our decision to 

provide two separate tracks in our SI 501 course design. To accomplish this with our specific 

personas, we created a solo and collaborative track that would present information in different 

ways to better meet the variety of learner needs (Ertmer & Newby, 1993, p. 65). The learner 

chooses between the two tracks at signup. 

 

Figure 1. Sample sign up page for the course. The user can choose between solo and group tracks. 
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The collaborative track is the ideal version of the course (as will be indicated on the 

signup form). The solo track will be offered to students with the understanding that while their 

version of the course may be less than ideal because it leaves out the collaboration and group 

work aspects, they will still be able to gain valuable knowledge about other areas of the course 

such as interviewing questions and techniques. The solo option is essentially offered to 

accommodate those with major scheduling issues or those who already know some of the course 

content (such as those who may already be working on a team in their jobs). 

The solo track will mimic the group collaborative track material, but will provide the 

student with pre-created materials made by teaching assistants or produced in previous sessions 

of the course to represent work completed by “group mates.” Some of the assignments will also 

require fewer deliverables, such as the model unit, in which solo track students will be asked to 

turn in fewer models than collaborative track students working in a group. The solo track 

students can also peripherally participate in some collaborative track activities, such as posting in 

the discussion forums, voting on client interview questions, and more. 

Timing and Upfront Expectations 

The overall SI 501 course design aims to balance structure and flexibility, making the 

course accessible to a wide range of students with different needs and circumstances. Having this 

flexibility and freedom inherently gives the learner a positive feeling of empowerment and co-

creation that keeps them engaged in the course (Gee, 2004, p. 17). Estimates communicating the 

amount of time needed to complete each assignment and course element will be presented to 

students as they progress and choose their paths, allowing students to plan ahead and fit the 

demands of the course into their existing schedules. For example, an assignment might be listed 

as requiring about five hours to complete, which the student would be aware of upfront before 
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beginning to work. This will help students make informed decisions about when to complete 

their work for the course. These expectations will also presented to students right away when 

signing up, so they can decide if the course will be right for them by understanding immediately 

what the demands are. 

We designed the timing and assignment expectations in our course from a metacognitive 

framework. By placing all of the time constraints and deliverables necessary to complete 

assignments in front of the student, and helping them keep it in mind as they progress, we can 

hopefully “help learners regulate their work in a productive manner” (Quintana et al., 2005, p. 

241). This information will help students make informed decisions about when to complete their 

work for the course. It also prompts to students reflect on their schedule and how the course can 

be made to fit it.  

Assignments and course elements in the solo track will not have enforced deadlines, as 

the students will not have others relying on their work. Assignments in the collaborative track 

will have “padding” to allow for some flexibility, benefiting students with complex and busy 

schedules. In other words, although there will be due dates for assignments, they will not be 

tightly planned and will be assigned in enough time to give students a choice about when they 

would like to complete the work. As an example, a student may receive an assignment that has 

the padding of a week and a half and may be told the assignment will take around five hours to 

complete. The student can then plan the best time to complete the assignment based on his 

schedule. The course interface will incorporate a calendar so students can keep track of their 

plans within the interface. 
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Course Assignments 

In order to better adapt SI 501 for an online environment, we made the decision to drop 

the project management goals of the course and to focus our version around developing 

contextual inquiry skills and comprehension. This choice reflects our desire to adhere to 

constructivist principles by focusing on active learning, as well as our efforts to design a flexible, 

manageable course that can meet many different students’ needs. As such, the assignments in our 

version of the course have been altered to better suit the online environment. 

Transmission Activities 

Although we tried to stay away from incorporating lengthy readings and lectures into our 

course in order to avoid too much passive, non-engaging content, we felt it was important to 

include more traditional learning activities in order to help construct a solid context in which 

students will develop their knowledge. We chose to refer to these assignments as transmission 

activities, to emphasize their role in transmitting important foundational material that students 

can use as a starting point. These materials can also help set the realistic context in which 

students can place the work they will be doing, allowing for authentic, relevant tasks (Oliver, 

2000). 

Transmission activities will be presented in the form of readings, links to resources 

elsewhere on the internet such as news articles, blog posts, or videos, interactive games and 

activities, and in any other format that the instructor finds beneficial for conveying contextual 

information and explanations of assignments (interviews, data models, and so on). In some cases, 

the same information will be presented with various multimedia. Students will be asked to 

complete a certain number of the activities for each unit and will be given a choice as to which 

(such as choosing three out of five). When materials are presented as videos, they will take 
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advantage of the format by having clear rewinding and fast-forwarding options and being split 

into small chunks. Transcripts will be provided alongside the video for greater accessibility or to 

meet varying learner needs. Students will also be provided with a space for note-taking on the 

same screen so they can easily explore transmission materials while keeping track of their 

thoughts. 

We feel it is important to remain flexible and offer information in a number of different 

formats to provide learner agency and allow students to find the most effective personal path for 

building knowledge, according to constructivist principles. Presenting information in both audio 

and visual formats also adheres to the theory of cognitive science, allowing students to process in 

different ways to form effective mental models. The ability to easily pause, rewind, and fast-

forward videos that are split into small chunks also fits with cognitive science by limiting the 

amount of information students will need to process at once, and allowing them to easily review 

the information as needed (Mayer, 2005). By being allowed to experiment and make their own 

decisions, students can also develop a sense of ownership over their work and the trajectory of 

their education (Oliver, 2000). Transmission activities also work as a form of scaffolding, 

helping to support students as they work through the initial concepts, so they can solidify their 

understanding before tackling the project on their own, while our design incorporates behaviorist 

and gamification principles by marking completed activities with stars, keeping track of how 

many have been completed, and adding points to a user’s overall score as they work through 

activities, thus providing elements for motivation by rewarding users’ positive behaviors (Ertmer 

& Newby, 1993). 
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Interviews 

Ethnographic interviews are an essential part of discovering the driving forces behind 

breakdowns within systems. While students in the original version of SI 501 visit clients in 

person to conduct interviews, this type of approach is less than ideal for an online class, 

especially one that strives to be flexible and meet many different scheduling needs. Therefore, 

we have adjusted the way interviews will be conducted in our course. 

The assignment begins with transmission activities that help students understand and 

develop their interviewing skills. In keeping with our constructivist approach, these activities are 

as interactive and engaging as possible. Examples include short videos that demonstrate effective 

interview techniques, exercises that ask students to practice these techniques on their own or 

with a partner, and so on. Some transmission activities may ask students to respond to 

hypothetical interviewee responses by developing follow-up questions that probe for more detail. 

These activities will also act as scaffolding to guide students through developing their 

interviewing skills. 

After the transmission session is over, students will receive information about their client 

and will work individually to create interview questions within certain categories (introductory, 

demographics, process, and so on). All questions will be collected and students will be expected 

to examine and vote on which they feel are the most important. This example of choice and 

learner agency will contribute to students’ feeling of ownership in the work they are doing 

(Oliver, 2000), and will provide the added benefit of self-assessment, allowing students to 

strengthen their metacognitive abilities by observing and reflecting on how others approached 

the same assignment (Quintana et al., 2005). 
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Finally, once the top questions have been chosen, they will be conveyed to the client. 

(This step will occur differently depending on whether the iteration of the class is using actual 

clients; see Clients section for more details.) Students will then be able to view and review the 

client’s responses in both audio and visual formats, with a space on the screen for note-taking, in 

a setup similar to the transmission activities.  

 

Figure 2. Interview questions mockup. Students have room to take notes while watching the interview. 
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These notes will then be shared with the student’s group if the student is working in the 

collaborative track. 

Models 

While studying the interviews, students will be collecting information for their 

visualization models, which serves as another step in avoiding assignments that ask students to 

sit and watch passively. Collaboration track students will review collected notes with their 

groups, then prepare models individually. The group will then consolidate models using 

collaborative tools of their choice, such as Google Drive, Skype, Lucid Chart, Google Hangout, 

and so on. This assignment not only relies upon constructivist concepts such as making 

connections and problem-solving, but also allows a student’s group to serve as his or her 

community of practice (Quintana et al., 2003). While solo track students will be missing some of 

these elements, they will have the benefit of even greater flexibility, and will be encouraged to 

use the discussion forums as their own community, allowing them to comment on others’ work 

and receive support if they need it. Students, especially those in the collaborative track, will 

improve their metacognitive abilities as they are required to explain to others the choices they 

made in preparing models and to outline their own instinctual thought processes. Self-assessment 

and metacognition will be further strengthened when groups or individuals submit their best 

models, which will be voted on by others in the discussion forums. The best models will be sent 

to the clients, so voters are asked to support their opinions and explain why they have chosen 

specific models. 

Affinity Diagramming 
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After the models have been completed, students gather all of their notes and ideas to 

complete an affinity diagram. Also referred to as an affinity wall, this is a process used by 

researchers to sort and analyze data. Snippets of data are written on Post-Its and arranged in 

columns on a wall or large open space. Researchers then proceed to shift and reorganize the 

notes, gradually working toward a fuller picture of the breakdowns and complications with the 

process they are studying. Once notes have been successfully grouped and combined, the 

researchers are then able to brainstorm in order to generate their main findings. 

Affinity diagramming is a technique that relies heavily on hands-on engagement, problem 

solving, and very active construction of a mental model. When working with a group, a student 

can also use these interactions to help form his or her mental model. As such, affinity 

diagramming already fits nicely with the important constructivist principles our project relies 

upon, so we strove to transfer as much of these benefits as we could to the online setting while 

still aiming for flexibility and learner control. 

Online tools such as Stormboard (stormboard.com) provide a useful environment for 

replicating this process digitally, so students are asked to use these or similar applications to 

complete the assignment.  

 

Figure 3. Screenshot of Stormboard, a sample tool for affinity diagramming. 
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These type of tools present a highly visual, multimedia-based environment, as well as 

allowing users to zoom in and out to limit how much of the diagram they are taking in at once, 

thus adhering to cognitive science principles. Collaborative track students will use data they have 

been gathering with their groups, while solo track students will be provided with supplementary 

notes to make up for the fewer interviews they have completed. To accommodate differences in 

time zone, location, and schedules, the affinity diagram does not need to be completed in real 

time, but students should be sure to contribute and comment on others’ contributions according 

to their own availability. If more than one group member is available at the same time, they are 

highly encouraged to use collaborative tools such as Skype or Google Hangout to work together 

on the diagram. 

Recommendations & Findings 

With the mental models of the issues students have constructed during the affinity 

diagramming assignment, they will be able to generate findings and recommend solutions for 

each finding. Students will either work with their group (collaborative track) or on their own 

(solo track) to study their models and diagrams and create the findings and recommendations, 

which will then be posted to the discussion forums. All students, regardless of track, will then be 

asked to vote on the summarized findings and recommendations that have been posted, in order 

to select the best ones. As with the model assignment, voters support and explain their opinions, 

which requires them to examine their own thought processes for the purposes of metacognition 

(Quintana et al., 2005). Reviewing others’ comments, as well as others’ work, will give students 

a chance for self-assessment, and will allow them to interact with their learning community to 

improve their own work.  
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Clients 

For the first instantiation of our class, we will use fake clients. The current offline version 

of the class relies on the use of real clients. These clients play a significant role in the class as 

they provide the testing ground for students to practice the skills they learn in class. We will 

“fake” these clients using the resources provided by the larger MOOC platform, namely teaching 

assistants. Our fake client will be specifically tailored to meet the demand and limitations 

required by teaching this course online so we do not overwhelm students with their first 

application of the material they have learned. For example, we will structure the client’s issue for 

analysis to be a concern of verbal communication and physical artifacts rather than the physical 

layout of the office because physical models (and the behavioral patterns they detect) will be 

hard for online students to observe. In the same way, our fake client will not require students to 

observe individuals for long periods of time because the cues students in the offline course 

would look for would be missed. 

Eventually, we would like to incorporate real clients into the system. We have decided 

not to do this with the first version of this course because we will need to ensure that the other 

aspects of this course are working smoothly before adding another layer of complexity. When we 

add real clients, we will structure the communication between the client and students in such a 

way that the clients are not overwhelmed by the large number of artifacts produced by the 

students. Specifically, we will ask students who wish to share their work with clients to post their 

work to a discussion forum, where other students will be able to review, comment, and vote on 

which submissions will be sent. The submissions with the most votes will be submitted to the 

client. Clients will be able to access all of the submissions, but for those clients who do not wish 

to sift through a very large quantity of submissions, our filtering system will provide them with 
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the best ideas. Having real clients will help students to stay engaged and complete the course. It 

will also allow them to encounter unforeseen or complex problems in a scaffolded and structured 

environment. 

While many of the other parts of our system were designed directly in response to 

constructivism, cognitive science principles, or behaviorism, this particular feature was not. 

Instead, we designed it to directly support the other features and design decisions we made in 

this project.  

Homepage 

The home page is designed to immediately engage users through a personal and visual set 

of displays and modules. Aside from the omnipresent game map, which will be discussed further 

in its respective section, the notifications in the activity feed help learners stay up to date on 

course information in an easily accessible, personalized manner throughout the course.  

 

Figure 4. Screenshot of activity feed. 

Depending on where the user travels within the course, the notifications shown will be 

related to discussion forum topics on that particular assignment or section of the site. This helps 
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users feel like the site is personalized for them, and offers what Gee (2004) refers to as 

information “just in time” and “on demand,” or information that is brought to the forefront when 

it will be most useful and needed by the user (p. 20). This provides the user with a more useful, 

valuable experience than simply laying out all of the site activity at one time. 

Game Map 

While evaluating other MOOCs, we noticed that the systems do not provide a clear map 

of the course trajectory for the learner to draw upon. We decided to depict the readings, 

assignments, and other course activities through a game map: 

 

Figure 5. Screenshot of home page for the SI 501 online course. 
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The game map allows students to take control of their learning path, while showing them 

how the different concepts and units relate to each other. An interactive, alterable game map 

provides learners the most agency possible in how they learn throughout the course. In addition, 

giving the learner the freedom to decide their own path gives the learner a positive feeling of 

empowerment and co-creation that can keep them more engaged in the course as a whole (Gee, 

2004, p. 17). Learner agency is also an important factor of constructivism and helps encourage 

the sense of ownership essential to this learning theory (Oliver, 2000). 

Competency can be attained through learning incrementally in small, sequential steps 

(Burton et al, 1998, p. 9). Thus, the course levels build upon what the learner has completed thus 

far, and the rest of the map is locked until previous levels have been completed. “Levels” are 

usually assignments or instances of information transmission that will be unlocked when the 

learner completes that particular aspect of the course. This type of design is also supported by 

Gee’s principle of problem solving in game design, which states that problems should be well-

ordered so users do not face unnecessarily complex problems too early, before they have been 

fully equipped to take them on through adequate preparation and experience (2004, p. 19). This 

concept also provides built-in scaffolding for students to move through the course comfortably 

and with confidence. 

Having the ability to see how material is organized and how it fits into the overall course 

is also an important concept that we drew from. Learning occurs best when learners are able to 

see how the skills and concepts fit into the overall whole (Gee, 2004, p. 22). This, in addition to 

avoiding unnecessary information overload, is why we suggest a zoomed-in game map on each 

of the course pages, which would only show students the relevant parts of the course. This 
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approach also adheres to cognitive science’s warning to be aware of the limits of human mental 

processing. 

Progress Meter 

The progress meter provides an extremely visual and accessible way to view tangible 

rewards for course participation and assignment completion. The learner’s benchmark is 

essentially the highest week, or the week before. The more time you spend contributing to the 

course, the more points you can earn. Each individual learner sets his or her own benchmark with 

weekly activities, and can thus improve upon performance and participation in this positive 

manner. Nearly every significant action taken on the site will award the user with more points, 

and thus positively reinforce the community engagement and learner participation on the site. By 

tracking users’ progress through points (e.g. completing readings, transmission activities, 

assignments, and posting or commenting on forums) and streaks, students will be motivated to 

continue and finish the course.  

 

 

Figure 6. Screen shot of progress meter. 
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The concept of rewarding learners based upon their response to stimuli directly relates to 

behaviorism. Ertmer and Newby (1993) state the basic assumption of behaviorism is the “use of 

reinforcement to impact performance [tangible rewards, informative feedback]” (p. 56). We 

provide stimuli and cues for participation throughout the course, and the results (consequences) 

are directly reflected in the progress meter, which is also shown on every page within the course. 

The learner’s response to the stimuli yields consistently positive reinforcement in the form of 

tangible, visual rewards like points and streaks, both on the calendar and the progress meter. We 

specifically chose positive reinforcement to drive increasing course engagement, as 

“consequences can also be reinforcing, that is, tend to maintain or increase a behavior, or they 

may be punishing, that is, tend to decrease or suppress a behavior (Burton et al, 1998, p.11). 

Overall, we felt that the more positive feelings learners associated with the course, the more 

likely they would be to return to finish it, and the more they would feel a desire to engage with 

the course. 

Discussion Forums 

When we began the project, we interviewed Dr. Charles Severance about his considerable 

experiences with MOOCs and learned that mandatory online peer-peer feedback can be 

incredibly harsh and destructive to the student’s ability and willingness to finish an online course. 

This informative interview and a slew of theoretical backing led us to encourage students to use 

the discussion forums for reflection, informal feedback, and fostering a sense of community. 

Although they are designed similar to discussion forums in MOOCs as they exist today, we find 

them to be a vital part of the student’s learning support structure. 

At the very least, the forums provide a much-needed space for group and overall course 

collaboration. Quintana et al. refers to this as a “community (or culture) of practice” (2003, p. 
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278). Indeed, a lone student will find it impossible to move beyond his or her own knowledge 

and understanding, until collaboration and communication with others allows them to be 

introduced to differing viewpoints with which they might revisit their singular perspective 

(Oliver, 2000). 

 

Figure 7. Sample discussion forum created for SI 501 mockup. 

The discussion forums will also help provide a type of self-service scaffolding within the 

course. Students can seek out assistance as they need it and build a network of support, which 
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they can rely upon less as they start to grasp concepts and feel more confident. Since the 

assistance would be provided when needed by the student, it applies to Gee’s concept of the ideal 

just-in-time assistance for students (Gee, 2004). 

Learners require but do not often utilize reflection as part of the learning process. They 

need to reflect in order to learn from what they have accomplished already, and how they might 

improve in the future (Quintana et al., 2005). While peer-to-peer feedback can provide a trigger 

for reflection, we decided not to formally incorporate it into the course. Instead, we provide 

informal opportunities for feedback and reflection through the discussion forums, in a similar 

approach as the learning program Artemis, which “helps students reflect on the quality of their 

research questions by incorporating a collaborative workspace where all students can post their 

own questions, critique their peers’ questions using ODI criteria, and view other students’ 

critiques of their questions” (Quintana et al. 

, 2005, p. 241). Similarly, in the online version of SI 501, students will be able to post 

their own deliverables to the discussion forums for feedback and comment on others. If they are 

having trouble, they can visit the forums for help or look at what others have done for hints. If 

the MOOC incorporates real clients, then this feedback and reflective channel can also become a 

platform to evaluate and find the best work to share. This system serves the additional purpose of 

incorporating metacognitive principles into the course, as students will be forced to consider 

their own thinking processes and completed work when reviewing and voting on the work others 

have posted to the forums. 

Another major purpose of the forum will be to identify active, helpful members of the 

population whom course administrators can treat as “lieutenants” to be counted upon to lead 

teams or assist others. This functions like a reputation system built upon students who “upvote” 
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other students whose responses they appreciate. Contributing useful responses gives the learner a 

higher reputation or status within the course, which in addition to the votes and timestamps helps 

to visually represent the utility of contributing to the forums. The learner is able to see the 

visualized functionality and higher status for forum contributions, which encourages continued 

interaction. As Burton et al (1998) states, “the evaluative judgments that humans make about the 

functionality of their own behavior mediate and regulate which observationally learned 

responses they will actually perform (p. 12). Thus, discussion forums provide the ability to 

reflect, obtain feedback and assistance from the learning community, and drive more overall 

interaction with the course. 

Conclusion & Future Directions 

Although we chose to transform SI 501 into an online course for this project, we hope 

that our approach can extend beyond SI 501 to help improve MOOCs as a whole. As stated 

earlier, we believe there are quite a few problems with the way MOOCs are currently 

implemented that generally indicate a failure to fully realize both the potential and the challenges 

of the digital environment. Our work is intended to serve as the first step in the process of 

improving the way MOOCs are designed and carried out. 

By focusing on big picture issues, we take a top-down approach to the problems with 

MOOCs, in which we demonstrate important considerations educators should examine when 

moving an existing class online or when designing a class from scratch. We hope that others 

might continue our work by incorporating these ideas into an online course, go through iterations, 

and making note of any issues that persist. Improvements can be made, further iterations can be 
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conducted, and so on, until the major problems noted with MOOCs have been addressed and 

solved. 

We believe that, given a strong framework based solidly in recognized educational 

approaches, MOOCs can successfully expand educational benefits to several target audiences, 

including learners who are not reached by the current system, as well as those who might benefit 

from a more digital, non-traditional approach. 
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Appendices 

Appendix A: Personas 

Chris the Undergrad 
Name: Christopher 
Age: 19 
Location: University of Michigan 
Education: Just graduated high school and is working 
toward a bachelor’s degree at UM. His current major is 
LSA Undeclared. 
 
About Chris 
Chris is a freshman at the University of Michigan. He 
enrolled straight from high school and chose LSA 
Undeclared as his major, since he isn’t sure what he wants 
to do yet. He doesn’t feel like he’s particularly good at 
anything that has to do with school, so he plans to try out 
different classes until he finds something he likes. 
 

In high school, Chris was an average student, usually earning Bs and Cs. He isn’t sure how to manage his 
time well, so it wasn’t unusual for him to turn in homework late or procrastinate until the last minute on 
an assignment. He thinks school is important for his future, but he also likes playing frisbee with his 
friends, riding his bike, watching movies, and going to concerts. It’s easy for him to get caught up in his 
other hobbies. He also lacks strong study skills and isn’t always sure how to ask for help with these 
problems. 
 
Chris uses the computer regularly for schoolwork and sometimes for playing games, chatting with friends, 
or going on Facebook. Beyond this, he does not use the computer or internet very often. He uses his cell 
phone more frequently and his level of comfort with technology is somewhere in the middle of the scale--
not a total beginner, but not a super user, either. 
 
Motivation 
Chris found out about this class from a friend who is also signed up for it. They plan to take the class 
together. He isn’t entirely clear on what the subject matter is or how much work it will be, but the 
description sounded interesting, and he thinks he should be trying new things if he expects to ever figure 
out what he wants to do. He hasn’t been that interested in his regular classes so far, and he thought this 
sounded like the kind of thing he should be learning, so he signed up on a whim. 
 
Limitations and Learner Needs 
Being a full-time student (enrolled in four classes), limits the amount of time Chris has for completing the 
class. The amount of homework he has from regular courses varies from week to week, making his 
schedule unpredictable. 
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Chris’s motivation level also fluctuates and he can lose motivation easily. He does not have a clear goal in 
mind, aside from “trying it out” and doing something along with his friend. He is not necessarily 
approaching the course with a realistic idea of what will be involved or what he is committing to. If he 
stops seeing the value in doing his work, his motivation will drop and he will struggle to complete it. He 
feels uncertain how to ask for help when he falls behind or feels confused. 
 
Ideal MOOC Experience 
Since Chris’s commitment level is not very high and since he doesn’t have strong study skills, his ideal 
MOOC environment places heavy emphasis on guidance and structure. Assignments must be concrete 
and he would benefit from assessment so he can get a sense of the quality of his work. He also would 
benefit from a MOOC with a good support structure and clear paths for getting assistance. 
 
Quote 
“I just want to figure out what I can do with my future, even though I’m not that great at school, so I’ll try 
a bunch of different things.” 
 

Tom the Grad Student 
Name: Tom 
Location: Toronto, Ontario 
Job title: Full time grad student, freelance web developer 

 
About Tom 
Tom is a 31-year-old married male in graduate school. 
His wife Katherine is a photographer, and they have a 
two-year-old daughter Maggie. He is originally from 
Toronto, Ontario, where he worked as a web designer but 
decided to widen his expertise by getting his master’s in 
sociology. 
 
He has a quiet, yet agreeable disposition. He enjoys 
eating Indian and Ethiopian food, as well as watching 
documentaries on the History Channel and spending time 
with his wife and daughter. He also brews artisan craft 
beer and enjoys hiking. 
 
Motivation 
Tom attends grad school full-time and works as an 

occasional freelance web designer. He finds taking free online courses in his limited free time to be 
enjoyable and that it furthers his understanding and career. He is also a GSI to help with the skyrocketing 
tuition rates. 
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After putting their daughter to bed during the week, his wife usually works on her photography and he 
does regular homework for grad school followed by online class work. This leaves him with little time to 
spend on coursework, but he hopes to glean the main ideas from the online courses that he enrolls in. Due 
to his demanding schedule, he finds that he does not usually finish an entire course, but rather once he 
feels he has learned all that seems useful from the syllabus, he will drop it and move on to another one for 
the sake of time. 
 
Limitations & Learner Needs 
Time and flexibility are the largest concerns for Tom. He wants to spend as much time as he can with his 
family when he is done with work. When there isn’t time, he skips the least important parts. His naturally 
tech savvy skills contribute to this ability to skip parts of the course that he does not feel will directly 
benefit him in the long run. 
 
Ideal MOOC Experience 
Tom needs an online course that is flexible, and allows him to glean the most important information as 
quickly as possible when he does not have the time to read in depth or complete all of the assignments. 
 
Quote 
“I need to get a successful job and help support my family after I graduate. I am trying to learn as much as 
possible, in as little time as possible.” 

Janet the Young Professional 
Name: Janet Huston 
Age: 27 
Location: San Francisco, CA 
Job Title: Software Developer 
 
About Janet 
Janet Huston is a software developer for a 
TechX, a software development company, 
for the past three years. She entered the 
company in an entry level job and is looking 
for ways to increase her position in the 
company. She likes writing code, but is 
constantly frustrated at not knowing “bigger” 
picture. She likes being a developer, but 
would like to be a project manager or lead 

developer one day. 
 
Janet works from 8-6pm in a fairly relaxed corporate environment. She gets to wear jeans to work and the 
words “business casual” are not heard around the office. 
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Outside of work, Janet is in a long-term committed relationship. She likes to run and really enjoys sites 
like Reddit, Engadget, and Gizmodo. Janet has a computer and great Internet connection at home. She 
uses the computer a little bit in the evening to relax, but tries to not to let it consume her whole evening. 
 
Motivation 
TechX just started having conversations with a new client that needs a volunteer management system 
built from scratch. The UX department at TechX just lost an employee and Janet wants to cross over into 
that area. She found the contextual inquiry and project management course online and has decided to take 
it to add to her skills. She believes this will allow her to become a valuable team member and potentially 
start working with the UX team to make a stronger product. 
 
Limitations and Learner Needs 
Janet works in an agile environment. Some weeks she has a lot of spare time and other week she has none 
at all. Given her variable schedule, Janet has found many of the current MOOCs very frustrating. The 
strict week-to-week schedule is just too much. She’s usually able to complete the first couple of weeks, 
but invariably something happens and she gets so far behind it isn’t worth the effort to catch up. 
 
Ideal MOOC Experience 
Janet’s ideal MOOC experience would allow her to complete the course, but not necessarily following a 
traditional academic schedule. Instead of course built around a weekly schedule, she’d like the course to 
be structured around discrete content units and have some flexibility with the regards to starting and 
working on each unit. 
 
Janet also wants to have some kind of final project or set of deliverables when she ends the course. She 
likes the idea of badges, but finds that her supervisors respond much more favorably to examples and 
evidence of her skills. 
 
Quote 
“I want to further my career, but I just don’t always have the time to devote to learning new skills.”  
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Appendix B: Scenarios 
 
Scenario #1: Getting Started 
 
Undergraduate Student 
It’s 8:00pm and Chris has a short paper due tomorrow. He’s procrastinating and has already spent an hour 
looking through Reddit, Facebook, and Tumblr. He signs on to the course and is looking for a short 
module he can complete and still have time to finish his paper for tomorrow. As the page loads, he clicks 
on the most obvious button and digs in. He doesn’t even bother reading the page. 
 
Graduate Student 
It’s Tuesday afternoon and Tom has just finished grading a pile of papers from his GSI position. He’s got 
a couple of hours until he has return to teach another section and has decided to dig into the MOOC he 
signed up for a few weeks ago. He intends to spend the next three hours on the MOOC and hopes to get 
through a significant portion of it. He signs onto the course, is able to view the first couple of units, and 
begins working his way through the material sequentially. 
 
Young Professional 
After a hectic morning of coding, Janet finally gets a moment to start her online course during her lunch 
hour. She works in an open environment (no cubicles, no office doors). She signs onto the MOOC and her 
browser loads the homepage of the course. She looks it over and digs in, although she only has about 15-
20 minutes. 
 
 
Scenario #2: Collaboration 
 
Undergraduate Student 
Chris’s group has been asked to turn in a report that they will write together. The group splits up the 
report into sections and assigns sections to each group member. Chris isn’t sure he entirely understands 
what he is supposed to be writing, but he feels too embarrassed to admit that to his group. He doesn’t 
usually communicate with group members after their meetings are over. He procrastinates for a while the 
night before the due date, then remembers he has homework due the next day for one of his college 
classes. He figures he will try to wake up early and write his section in the morning. 
 
Graduate Student 
Tom has to work together with his group to complete a data model. Since he has experience with group 
work, he suggests using Google Hangouts to talk about and plan the work. Since it is difficult to find a 
time when everyone can meet, Tom makes sure a group member is carefully notes for those who cannot 
be there. He does not have time to get to work on his part immediately, but he schedules in time on 
Google calendar later in the week. 
 
Young Professional 
Janet does not have a lot of time to devote to her section of the group paper, since she is busy at work. 
Since the due date is coming up soon, she begins to work on it in 15-20 minute segments during her lunch 
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break or when she takes other short breaks at work. When she realizes she may not finish on time, she 
emails her group members to discuss her situation and to see if they can reach another solution to 
accommodate her. 
 
 
Scenario #3: Turning in an individual assignment 
 
Undergraduate Student 
Chris forgot that there was an assignment due until his friend who also enrolled in the class mentioned it 
to him. He hasn’t been on his computer since he got out of his normal 8am class, so he turns it on and 
logs in to do the assignment. He’s not sure what the main goal of the assignment is, so he decides to do it 
half-heartedly and quickly so he can make it to his IM basketball game that night. 
 
Graduate Student 
Tom knows that the due date for an individual assignment for his online course has been coming up for 
awhile. His wife is watching a movie on the couch next to him, and he attempts to tune it out. After he 
prepares his lecture slides for tomorrow and finishes reading for a college course he is enrolled in, he 
begins the assignment. He looks over the content of it and decides that it seems more like busy work than 
something he will actually learn from. He reads over the main points of that particular section of the 
course again and is satisfied that he understands the material. He finally turns off his laptop for the first 
time that day and relaxes with Katherine. 
 
Young Professional 
Janet has had a hectic past few weeks at work, but miraculously kept up on the course material and 
lectures enough to complete the assignment that is due at the end of the week. After she gets out of work, 
she heads home, makes dinner with her boyfriend, runs some errands, and starts her assignment. She is 
tired of looking at her computer and it requires her to look at her screen for longer than she wanted to that 
day, but she gets the assignment done quickly and in a reasonable amount of time. 
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Appendix C: Competitive Analysis Summary 
For our competitive analysis we reviewed seven direct competitors and two indirect competitors. 

Direct Competitors: 
Coursera 
edX 
Class2Go 
Open Learning Initiative 
Udemy 
Udacity 
Canvas Network 

Inspiration: 
Kahn Academy  
Code Academy 

 
Each site was analyzed according to the following questions: 

● How they do structure their courses? 
● What do they do well? 
● What do they do poorly? 
● How connected are they? How do they encourage social interactions? 
● Do students collaborate on this platform? If so, how? 
● How do they handle grading and assessment? 
● What is the interface like?  

 
While each site was fully analyzed, here are the big lessons we learned: 

● Video lecture need to be active 
● Most sites have poor information architecture. We will need to pay careful attention to ours. 
● Most courses give little direction for starting the course. Questions our users should be able to 

answer immediately: Where do you start? How do you start? We need to ensure our final product 
has a clear process and clean work flow that is centered around the student’s progress 

● Most sites do not provide opportunities or avenues for interactivity and collaboration 
● The landing page for courses are not centered around the student and their progress. They 

centered around the course’s progress, which can be very confusing if the student is not at the 
same place in the course. Why do you need to learn this material? Why is it setup like this? 

● Leaderboards and reputation points are very helpful in class discussion forums.  
● Prospective students like to see course ratings before signing up. 
● Course work expectations are not clearly laid out.  
● Many MOOCs do not provide visual representations of the course material, except through slides 

in lectures.  
● Provide active links for any assigned work that is not directly on the site. 
● Do not provide students a calendar unless it shows useful information (like when assignments are 

due).  
● Lock later parts of courses and require students to complete early parts to unlock later units.  
● Take advantage of loading times (Udacity for example). 
● Be careful not to overwhelm students with too much information. Present in clear actionable units. 

allow 
● rated by previous students  
● OLI breaks courses into units, then modules, and then even smaller parts 
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● Coursera meetups - bridging the digital with the physical (not necessarily the same students in 
your class though unfortunately) 

● Points, badges, etc. really help to motivate. STREAKS like in code academy are a great idea! 
● Provide video transcripts and allow users to play videos at 1.5x or 2.0x of the original speed 
● Good scaffolding on Kahn. Provide hints and videos to watch when users get stuck. Feature more 

recent or top seen homework - visible recognition of good homework - fun (but no consequences) 
● Khan Academy does practice/active learning for math well!!!  
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Appendix D: Storyboards 


