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Massive Open Online Courses (MOOCs) are delivered through dedicated platforms that provide educational opportunities to a large number of learners around the globe. The discussion forum is a key part of a MOOC platform. Structured communication between learners or between learners and instructors can take place through the forum. This communication has been shown that can have strong learning impact. Teaching Assistants (TAs) have a crucial role coordinating and supporting learners within a MOOC forum. In this paper, we investigate the impact a forum design can have on the TA's effectiveness while supporting the learners of a MOOC. Towards this objective, a mixed-methods study was performed on two MOOCs delivered through the OpenEdX platform. The goal was to reveal any design issues initially through a participatory ethnographic study and complementarily through a formal usability evaluation. Moreover, through interviews with the TAs, problems they faced while supporting learners were confirmed. The results of this study indicate that the OpenEdX forum design faces a variety of issues that need to be considered by course designers. Such issues cause various problems to teaching assistants, hindering effective support to learners and therefore affecting the learners' experience. It is further expected that the findings of this study may contribute to effective re-design of MOOC platform forums, more effective and efficient TA interventions and ultimately to improved learning.

Introduction

Massive Open Online Courses (MOOCs) open up learning opportunities to large numbers of people [START_REF] Hill | Online Educational Delivery Models: A Descriptive View[END_REF]. Most MOOCs are offered through dedicated online platforms, like Coursera, OpenEdX or Udemy, and most often attract thousands of learners. However, the effectiveness of learning in many MOOCs is questionable, as shown by the low student retention ratio [START_REF] Yuan | MOOCs and open education: Implications for higher education[END_REF]. It was found that in most cases completion rates of MOOCs do not exceed 20% and usually are between 7-11% [START_REF] Liyanagunawardena | Dropout: MOOC Participants' Perspective[END_REF]. There are several reasons for this low performance, among which, an important one has been recognized to be the lack of support and interactivity in MOOCs [START_REF] Daniel | Making Sense of MOOCs: Musings in a maze of myth, paradox and possibility[END_REF][START_REF] Kizilcec | Attrition and achievement gaps in online learning[END_REF]. Individual learners can receive support through the discussion forum, in the form of asynchronous com-munication and instructional interaction [START_REF] Mak | Blogs and forums as communication and learning tools in a MOOC[END_REF][START_REF] Kumar | Learning Instructor Intervention from MOOC Forums: Early Results and Issues[END_REF]. It is therefore very important to study the way MOOC discussion forums are designed and used.

A significant user of a MOOC forum is the instructor and his/her assistants [START_REF] Berge | The role of the online instructor/facilitator[END_REF][START_REF] Brouns | A networked learning framework for effective MOOC design: The ECO project approach[END_REF]. Their role is to guide learners, pose interesting questions and provide insightful answers to learners' inquiries. Gamage et al. [START_REF] Gamage | Factors leading to an effective MOOC from participiants perspective[END_REF] suggest that the usability dimension of a MOOC platform and the help that is provided for any platform problems, are key factors for effective learning.

In this paper, a mixed-methods study is presented that aims to capture and explore encountered problems on the use of two MOOCs, delivered through OpenEdX technology, one of the major MOOC platforms [START_REF] Sandeen | Integrating MOOCs into traditional higher education: The emerging "MOOC 3.0" era[END_REF]. The goal is to unveil and investigate the main problems that prevented TAs from supporting learners effectively within the discussion forum of this particular platform, and associate these problems with possible usability issues of the MOOC platform and to the ways the courses had been delivered. Moreover, this study aims to provide insights for a future alternative design of the MOOC forum platform that would improve the quality of the support it provides. It will also contribute to future design and development of tools that could assist TAs in providing more efficiently support to learners.

Literature overview

Several past studies have shown that usability affects the participants' overall learning experience, while the design quality of a learning platform and the ease of using a learning management system contribute to the participants' satisfaction and performance [START_REF] Chang | An empirical investigation of students' behavioural intentions to use the online learning course websites[END_REF]. In their survey on quality of MOOC designs, Yousef et al. [START_REF] Yousef | What drives a successful MOOC? An empirical examination of criteria to assure design quality of MOOCs[END_REF] stated that usability, content, collaboration and instructional design play a major role in delivering successful MOOCs, while Soloway et al. [START_REF] Soloway | Learner-centered design: the challenge for HCI in the 21st century[END_REF] earlier had stated that learners should be placed at the center of their design process. Other studies have reported that usability problems are related to the poor design of e-learning courses, resulting in non-motivated and frustrated learners [START_REF] Clark | E-learning and the science of instruction: Proven guidelines for consumers and designers of multimedia learning[END_REF][START_REF] O'regan | Emotion and e-learning[END_REF]. Tsironis et al. [START_REF] Tsironis | Comparative usability evaluation of three popular MOOC platforms[END_REF] investigated the usability of three popular MOOC platforms, OpenEdX, Coursera and Udacity. The study revealed that all three platforms had usability problems in terms of navigation, finding resources and performing regular tasks. On the other hand, the support that is provided by the course staff within a MOOC forum is an important part of the learning process [START_REF] Onah | Exploring the use of MOOC discussion forums[END_REF]; it is a significant factor that affects learners' attrition within a MOOC [START_REF] Yang | Towards an integration of text and graph clustering methods as a lens for studying social interaction in MOOCs[END_REF]. In our case scenario, the main actors that provide support within the forum are the teaching assistants. Their role in online discussions is essential for maintaining the interest and motivation of learners [START_REF] Yang | Question recommendation with constraints for massive open online courses[END_REF]. They keep track of the discussions and intervene whenever there is a need for support. Their presence in the forum is crucial to keep learners engaged and may have positive impact to their performance [START_REF] Mazzolini | Sage, guide or ghost? The effect of instructor intervention on student participation in online discussion forums[END_REF]. In their research, Baxter and Haycock [START_REF] Baxter | Roles and student identities in online large course forums: Implications for practice[END_REF] stated that forums fail to handle high volumes of posts due to the fact that topics are fragmented over many threads and there is lack of search facilities. The difficulties of effective interaction and support in very large MOOC forums have been highlighted in many other studies, e.g. [START_REF] Onah | Dropout rates of massive open online courses: behavioural patterns[END_REF][START_REF] Kizilcec | Deconstructing disengagement: analyzing learner subpopulations in massive open online courses[END_REF]. Such studies indicate that a major increase in the forum participation may have negative effect to the support provided by TAs. This issue could be related to usability issues of the forum platform itself that scale up as forum participation increases. It is therefore understood that in order to support learners more efficiently there is need for new tools that could provide TAs a "bird's eye" view of the forum discussions [START_REF] Sharif | Discussion forums in MOOCs[END_REF].

Being motivated by such studies, we formulate the main research question of our work, that is to identify the key usability issues of the OpenEdX discussion forum and find out whether these affect the support that is provided to learners by the TAs. To answer this question, we followed a mixed-methods approach in order to capture the different aspects of problems TAs faced during their experience in the forum.

Methodology

The study was performed on two MOOCs offered in the mathesis.cup.gr, a major Greek MOOC platform based on OpenEdX technology. The first course, 'Differential Equations 1' (DE course), aimed to introduce learners to the mathematical theory of differential equations and their practical use. The second one, 'Introduction to Python' (PY course), aimed to introduce learners to computer programming through Python. The duration of both courses was 6 weeks and the enrolled learners were 2,153 for DE and 5,569 for PY. Within each course discussion forum, the support was provided by Teaching Assistants (TAs). The TAs were mostly learners that had attended former MOOCs of the same instructor and demonstrated high engagement and performance. They were subsequently contacted by the instructor, they were assigned the role of TA and were asked to contribute to subsequent editions of the course. For those particular courses, there were two active TAs for the DE and 5 for the PY. To organize the study, we used an 'anticipatory data reduction method' [START_REF] Miles | Qualitative data analysis: An expanded sourcebook[END_REF], where our research goals are addressed through three exploratory topics (see Fig. 1):

1. Organization of the forum discussions. The way discussions were organized and affected learners and TAs during their experience. 2. TAs' experience and interactions within the forum. Such experience and interactions provide us with insights about the TAs decisions over time. 3. Usability issues of the forum platform. We capture the main usability issues of the platform and how they affected the TAs support to learners.

Triangulating different methods, data collection techniques (Table 1) and different informants, allowed us to improve the quality, reliability, and rigor of the research and its results [START_REF] Greene | Toward a conceptual framework for mixedmethod evaluation designs[END_REF]. In Table 1, we present the data collection methods employed: participatory ethnography, interviews, usability evaluation through cognitive walkthrough and heuristics, forum log analysis. It should be observed that during the participatory ethnography, we took a 'lurker' perspective, without intervening, so as to not affect forum interactions. For the cognitive walkthrough method evaluators were asked to perform typical user tasks in the forum, such as navigation in the forum, posting new questions and modifying existing ones. Further down we present extracts from our data collection methods using the format: [method/course/#TA]. Qualitative, semi-structured, face-to-face interviews with the TAs of both courses. The interviews lasted 45 minutes. Two TAs of each course agreed to participate. The interviews were mainly concentrated on problems that occurred while providing support to learners.

Provide an opportunity to view and understand the topic at hand [START_REF] Stuckey | Three types of interviews: Qualitative research methods in social health[END_REF].

Capture the TAs' opinions and experiences as broadly as possible following the analysis of observations made during the participatory ethnography.

Usability Evaluation

Heuristic Evaluation [START_REF] Nielsen | Finding usability problems through heuristic evaluation[END_REF] and Cognitive walkthrough [START_REF] Lewis | Testing a walkthrough methodology for theory-based design of walk-up-and-use interfaces[END_REF] methods were performed by three evaluators, which they had an advanced level of expertise. They consolidated common issues and discussed their differences, until a consensus could be achieved.

Provide effective identification of problems arising from interaction with the forum interface and help to define users' assumptions.

Discussion forum log analysis

Discussion forum log data of each course were retrieved and analyzed. The results of the analysis were related to the activities observed within the forum discussions.

Provide quantitative data to validate our observations from the participatory ethnographic approach and the interviews with the TAs.

Results

Exploratory topic 1: Organization of the forum discussions

The discussion forum offered by the OpenEdX platform is organized according to a three-level hierarchy, shown in Figure 2. The terminology used is that of 'discussionsresponses-comments'. In most MOOC forums, a similar architecture is used, albeit with different terminology, e.g. in Coursera the three levels are called 'threads-postscomments'. No further levels are allowed, as is the case with other discussion forums, beyond MOOCs, in which a comment can receive further comments, ad infinitum. During our participatory ethnographic study, it was observed that the organization of each week's discussions was time-oriented. Each new discussion that was created was added to the top of the left side-bar (see Figure 2), that contained the week's discussions. It was observed that there were two kinds of discussions each week: learner discussions, i.e. discussions created by learners, and course discussions, i.e. discussions created by TAs or the course instructor. 

*responses and comments

As shown in Table 2, the average number of discussions created by learners was much higher than those created by the instructors. It is evident, that learners preferred to create their own discussions instead of participating in the course discussions set by TAs. This behavior increased complexity in the forum information space. During the interviews, TAs stated that the reason they created the topic specific course discussions was to discourage large numbers of learner discussions. They stated that they had problems in following new discussions and in providing prompt support to learners, as the number of learner discussions kept increasing. They also stated that such discussions usually related to a single question posed by the discussion creator and received just a few replies. On the other hand, course discussions were more popular; they received much higher number of replies as compared to learner discussions, as seen in Table 2. In general, we observed that there was no strict organization in the forum. TAs reported that in former MOOCs they participated, there were only learner discussions in the discussion forum. This resulted in a large number of learner discussions and a lot of questions remained unanswered. To resolve the issue, the TAs followed the approach of creating course discussions at the start of every week.

"In former MOOCs of Mr.

[INSTRUCTOR], learners were creating so many discussions that it was impossible to keep track of them, so in this forum we decided to create specific discussions every week so as to avoid the chaotic situation we were facing previously."

[INT/PY/TA1]
The usability evaluation performed in the two forums verified the existence of many difficulties in searching for specific items. The evaluators stated that navigation within the forum was very problematic and the search function of the platform was not helpful, so the search for questions of interest was achieved by scrolling through and reading every discussion's theme.

Exploratory topic 2: TA interactions with learners

To collect information on this exploratory topic, we went through all the corresponding transcripts of the discussions that TA participated in. We focused on TA interactions that relate to issues they faced with learners. In some replies, the TAs were prompting learners to use the course discussions for posting their content-related questions and avoid creating their own. There were occasions where TAs did not even answer to learners' questions. An extract from PY forum (TA reply):

"-There is a discussion that was created for questions on this material. Please use that to help your peers with their questions and us to provide you more effective support."

[PE/DE/TA1]
During the interviews, TAs reported that such learner behavior did not comply with the forum policies, which stated: "… learners should use course discussions to post their content-related questions … questions posted in other discussions should not be answered by TAs". TAs however were not consistent in following this guide. We witnessed occasions where they were strict towards some learners that did not follow the rules, but in other occasions they kept answering questions within learner discussions. This somehow implied a change in their attitude, as if accepting eventually the situation and surrendering to policy violations. In fact, the TAs verified this behavior during the interviews. A related problem had to do with duplicate questions posted within learner discussions and inevitably appeared due to the large number of learner discussions. The TAs' frustration was conspicuous about it.

"Your question has already been answered in this discussion: [URL]. Please avoid posting questions that have already been answered elsewhere." [PE/PY/TA2] Moreover, the TAs reported that many learners that follow such approach avoid engaging into a conversation, they just seek a solution to their problem. For example:

"There was a group of learners that were posting duplicate questions very frequently. It was obvious that they were unaware of other related discussions. They were using the forum just to get a direct answer."[INT/PY/TA2]

Exploratory topic 3: Usability issues of the forum platform

The usability evaluation unveiled a number of usability violations within the forum platform. Specifically, the evaluators reported that navigation was the main problem. The task of searching for discussions of interest to post new questions was difficult to perform. They also stated that during the evaluation of the PY course (attended by a much higher number of participants) this issue seemed to scale up. So navigation within a discussion of the PY course was much more time-consuming than the DE, due to the large number of replies in the former case. Another issue of the platform related to its search function. The evaluators reported that the search results were vague and didn't improve the navigation process. During the interviews it was stated: This validated the evaluator's conclusions and implied that TAs often had to improvise for navigation. They also reported that the 'Create new response' action was less prominent than the 'Create new discussion'. The buttons for such actions were positioned in a way that users by mistake created a new discussion when they wanted to post a new question in an existing discussion. They also stated that 'Help and documentation' (e.g. the forum's policies) was not included in the forum platform, but rather it was part of the course material. This may partially explain the limited compliance of learners to the forum policies.

Discussion

The results of our study revealed some significant limitations of the OpenEdX forum platform. The main issue refers to the difficulty in navigation within the forum discussions. Firstly, the organization of the discussions was not strict. This resulted in TAs not easily finding new interesting questions asking for their intervention. As the forum evolved over time, the number of new discussions increased and TAs had to contrive new ways of navigating. The forum itself provided email notifications for new messages but such method was treated as spam and was abandoned. The navigation issue was also verified during our participatory ethnography. Towards the end of each week, when the number of discussions had increased, it was very difficult to find conversations of interest. In the case of duplicate questions, we tried many times to find where the original one was answered, but we could hardly locate it. This may explain why learners were often unaware of their duplicate questions. It seems that the navigation problems had negative impact on them too. Usability evaluators also verified that navigation is problematic and specific tasks highlighted their violation.

During the participatory ethnography, we attempted to interpret the fact that learners often created their own discussions instead of using the course discussions. This could be attributed to the unawareness of the forum policies. "Users that attend many MOOCs, take the MOOC policies for granted" [INT/DE/TA1], stated one of the TAs. Usability evaluation also revealed that the policies should had been more visible as the evaluators struggled to find them. There is a need for new ways to inform learners about specific policies before they enter the discussion forum and the study showed that the forum platform lacks such feature. Clearly stated and implemented policies are very important to retain a 'healthy' forum as the course evolves over time.

It has been quite clear from the interviews, that such issues had negative effect on the support provided to learners by the TAs of both courses. TAs of PY course stated: Despite these issues, the TAs stated that they were pleased with their contribution. This is due to the fact that they are highly motivated, they participate in a voluntary basis and yet they choose to spend a lot of time in the forum. From the TA interviews, we concluded that the situation in the PY course was worse. They stated that navigation within the course discussions was difficult due to the large number of replies they received and had less time to answer questions due to the course size.

Conclusions

Our study highlighted several important usability issues of the OpenEdX platform and their negative impact on the TAs role. The negative impact was exacerbated in the PY course since it had more participants, which shows that the identified issues scale up with participation. We discovered that as participation in the forum increased, the TAs adapted more complex strategies in order to navigate and provide effective support to learners. This increases the required load of effort and detaches them from their main goal. Our study identified limitations of the platform in providing effective tools to assist the TAs on this issue. As a consequence, MOOC organizers resort to increasing the number of TAs as learner participation increases. However, in MOOCs with thousands of learners this cannot be a viable solution.

Due to the importance of the TAs role for supporting activities in a MOOC environment, it is now well understood that there is need for new policies and tools to ease and guide their interventions. Such tools could help TAs keep track of the discussions and provide support to learners efficiently and uninterruptedly while the forum evolves over time. The development of tools that assist TAs and automate their interventions [START_REF] Chandrasekaran | Towards feasible instructor intervention in MOOC discussion forums[END_REF] is a promising field of research. Classification algorithms that identify content-related discussions [START_REF] Wise | Mining for gold: Identifying content-related MOOC discussion threads across domains through linguistic modeling[END_REF] may assist their development, while advanced visualization techniques may produce topic-related overview of the forum state, highlighting recurring topics. Development of such tools may be an interesting direction. Taking into consideration these recommendations, in our ongoing research we plan to follow a more design-based approach by experimentally implementing and validating such new approaches in future MOOCs delivered through the OpenEdX platform.
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 1 Fig. 1. Overview of research question, main issue and exploration topics of the study
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 2 Fig. 2. Architecture of the OpenEdX discussion forum

"

  I usually used the browser's search function (cntrl-F) and searched with keywords like 'minutes' or question marks which I hoped to lead me to recent questions."[INT/PY/TA1]

"

  I spent more time in searching than answering to new questions." [INT/PY/TA1,2]

Table 1 .

 1 Data collection methods.

	Method	Description	Purpose
		Recorded observations during our participation	Gain a phenomenological account of
	Participatory Ethnography (PE method)	as regular users in the forum. Observations were guided by the exploration topics and were related to our individual experience as users of the forum and to the TAs interactions with	participant's experience during the evolution of the forum over time. Rec-ord TA activities and interactions with learners. Capture main usability issues
		learners.	from a user's perspective.
	Interviews with		
	TAs		
	(INT method)		

Table 2 .

 2 Activities related to learner and course discussions.

	Course	Differential Equations Introduction to Python
	Average number of discussions created per week (learner / course)	20.11 / 3.70	54.28 / 6.17
	Average number of replies* per type of discussion each week (learner / course)	5.22 / 50.94	8.71 / 99.66
	Percentage of learner discussions with TA participation	79.91%	67.52%
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