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Many participants in Massive Open Online Courses are full-time employees seeking greater flexibility in their time commitment and the available learning paths. We recently addressed these requirements by splitting up our 6-week courses into three 2-week modules followed by a separate exam. Modularizing courses offers many advantages: Shorter modules are more sustainable and can be combined, reused, and incorporated into learning paths more easily. Time flexibility for learners is also improved as exams can now be offered multiple times per year, while the learning content is available independently. In this article, we answer the question of which impact this modularization has on key learning metrics, such as course completion rates, learning success, and no-show rates. Furthermore, we investigate the influence of longer breaks between modules on these metrics. According to our analysis, course modules facilitate more selective learning behaviors that encourage learners to focus on topics they are the most interested in. At the same time, participation in overarching exams across all modules seems to be less appealing compared to an integrated exam of a 6-week course. While breaks between the modules increase the distinctive appearance of individual modules, a break before the final exam further reduces initial interest in the exams. We further reveal that participation in self-paced courses as a preparation for the final exam is unlikely to attract new learners to the course offerings, even though learners' performance is comparable to instructor-paced courses. The results of our long-term study on course modularization provide a solid foundation for future research and enable educators to make informed decisions about the design of their courses.
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1. Introduction

More than a decade ago, in 2008, Stephen Downes and George Siemens offered the course Connectivism and Connective Knowledge at the University of Manitoba (McGill Association of University Teachers, 2015). In response to that course, Dave Cormier coined the term MOOC for Massive Open Online Courses (Digital Pedagogy Lab, 2022). Hundreds of learners from various backgrounds all over the world joined the regularly enrolled students in a new learning experience (Smith and Eng, 2013). A few years later, American researchers and educators modified this concept and turned it into a mass phenomenon. Since 2012, MOOCs have evolved into an inherent part of the educational landscape. Although many of the initial goals of this movement, such as democratizing or revolutionizing education or closing the digital gap in hindsight have to be considered as failed, the huge popularity among participants shows that the format itself is very successful. Class Central's 2021 MOOC report lists over 220 million users, 3,100 courses, 500 micro-credentials (Shah, 2021). These numbers are even more impressive as Class Central has decided to exclude China from their analysis for various reasons (Shah, 2021).

Since 2012, we are offering MOOCs on our own platform openHPI1. Our regular courses have a length of 6 weeks, plus an additional week for a final exam. These courses are always offered in a semi-synchronous fashion. The courses have a dedicated start and end date and the course materials are published weekly. Once the materials are published, they can be accessed at any time. Assignments, however, have dedicated deadlines. Therefore, the learning materials have to be consumed within a week after they are published, to successfully participate in the weekly assignments. Due to the deadlines, participants can only earn a certificate during the official run-time of a course. For some participants, this lacks flexibility.

One approach to bypass this limitation is to modularize the courses into a series of course modules. We have split up the original 6-week course into three separate 2-week modules, plus a separate final exam. (Partial) Certificates can be earned for each of the modules by passing the modules' weekly assignment. This still requires semi-synchronicity. As the overall exam has been separated from the content, however, we can offer this exam several times a year and thus significantly increase the flexibility for the participants.

Furthermore, modularizing the courses allows participants to choose the content they are really interested in more flexibly. It is much easier to create learning paths without duplicate content by combining multiple modules. Additionally, our research indicates that the barrier to participate in a course is lowered; particularly for lifelong learners, it is more feasible to commit to a 2-week course than to a 6-week course. For us as a content provider, this modularization also improves the sustainability by allowing us to reuse well-received content more easily and simplify processes for expanding it with new modules.

For the remainder of this article, we will use the term monolith for a 6-week course and module series for a course that has been split into three 2-week course modules and a separate exam.

In the article at hand, we aim to answer the following research questions:

RQ 1: Has this modularization had a negative effect on course enrollments or participation?

RQ 2: To what extent are breaks between modules influencing dropout rates and learning outcomes?

RQ 3: Which differences can we observe in selective learning behavior between the course offerings?



2. Context

The key course statistics of the openHPI platform provide the basic data for our analysis. Our research interest is to determine the differences between monoliths and module series. We, therefore, removed all courses that have not been offered in both formats. Two course topics remained. The fundamentals of web technologies (abbreviated as WWW) and internet security (abbreviated as ISec): Both courses have been offered multiple times as monoliths and as module series with and without breaks between modules and exams.

Figure 1 shows the different formats of the examined courses. ISec 2014, ISec 2016, ISec 2018, and ISec 2020, as well as WWW 2015 and WWW 2017, are monoliths with 6 weekly assignments and an integrated final exam. ISec 2019, ISec 2021, ISec 2022, and WWW 2021 are module series with a separate exam.
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FIGURE 1
 Comparison of the structure of the different course types: monoliths vs. module series and a separated exam. Color-coded are the different courses with an annotation of the length of breaks between modules.


All investigated courses on our platform follow a similar design with the learning content grouped into 2 or 6 weeks (for module series or monoliths, respectively). Each week consists of multiple short video units with subsequent ungraded self-tests. These self-tests are multiple-choice quizzes, can be repeated an unlimited number of times, and serve as a preparation for the graded homework assignment. Additionally, courses can contain hands-on exercises, peer-assessed projects to be solved either alone or in teams, or interactive exercises. At the end of each week, learners may participate exactly once in a time-limited homework assignment.

Monoliths close with an additional final exam consisting of multiple-choice questions covering topics from all learning units. Therefore, monoliths contain a total of seven graded assignments (6 weekly homework assignments and one final exam). Upon achieving at least half of all points in the seven assignments, learners will receive a graded certificate. In the modules of the module series, each week still contains a graded homework assignment. However, none of the modules includes any overarching final exam. This exam is offered separately to be taken within a 3–4 week schedule (the so-called exam period) for enhanced flexibility. It still covers topics from all three underlying modules, but certification is based solely on the performance in the final exam. Participation in the exam is voluntary, but the completion of all three underlying modules with at least a Confirmation of Participation (CoP)2 is mandatory.

For some of the module series, the final exam was offered multiple times. The intention was to offer more learners the opportunity to participate and successfully complete a module series. Additionally, those repeated iterations allowed us to test various breaks of different lengths: We offered module series with equal breaks (no break or a 3-week break) between the modules and before the final exam, just a break prior to the exam or only breaks between the individual modules. Those differences and the length of the breaks are also shown in Figure 1.

Furthermore, an additional distinction can be made for the module series: The decoupling of the learning content (provided in the modules) and the examination allowed for a more fine-granular repetition of the offerings. For example, the module series ISec 2019 was only offered once with the support from a teaching team. Later on, only the final exam was re-offered3 consisting of a one-month exam period for those learners finishing the course modules themselves. Usually, a teaching team provides active support for the participants in the discussion forum during the original course period. This support is not available outside of the course period or for other modules in self-paced mode (such as the standalone exams). Learners in this case cannot post new questions or replies, but still, browse the discussion forum with all previous conversations.



3. Related work

Our work is based on previous research in the context of completion rates in MOOCs, the impact of course reruns and differences in self-paced courses as well as course dropouts and individual learning paths. An excerpt of related research is presented in the following paragraphs.


3.1. Completion rates and dropouts in MOOCs

Our research design with modularized courses continues a previous analysis comparing the retention and completion rates in two similar MOOC versions (Padilla Rodriguez et al., 2020). In their course design, Padilla Rodriguez et al. (2020) prepared a monolith 6-week course (with 323 learners) and two 3-week modules (with 294 learners overall). Their study reveals several interesting findings: Even though they attracted a similar number of learners for both variants, only 134 learners enrolled for both 3-week courses of the modularized variant (less than half of all learners). However, the authors identified that 110 out of those 134 learners (82.09%) were actively engaged with the course content or in discussions, much more than those learners enrolling in either of the two modules or the 6-week variant. Furthermore, the completion rates drastically differed between the monolith with 15.6% and their modularized variant with 61.8%. Therefore, Padilla Rodriguez et al. (2020) highlight previous recommendations of shorter, modularized courses (Engle et al., 2015; Jordan, 2015a). Jordan identified a negative correlation between course length and completion rate (Jordan, 2015a). She highlights that the modularization of MOOCs has been suggested previously (Bol cited in Harvard Magazine Online, 2013; Challen and Seltzer, 2014), but notes that further research is required to identify the effects of course modules (Jordan, 2015a). In another study with 122 MITx courses offered between 2012 and 2016, no direct correlation between the completion rate and the course length but rather the modules was reported, as well as a negative correlation between the number of modules in a course and the certification rate (Celik et al., 2020). Shorter course modules are also expected to introduce enhanced flexibility for learners as well as for instructors (Bol cited in Harvard Magazine Online, 2013). While Bol imagines learners customizing their university degrees with modular learning units, he also considers the reduced effort required by instructors to create those modules. In contrast, Challen and Seltzer (2014) express one main criticism toward MOOCs stating that “today's MOOCs are not modular” but whole courses offered in a package as one, non-separable unit. Therefore, the authors argue that it is rather hard to employ them as teaching material within regular university courses. (Padilla Rodriguez et al., 2020), therefore, encourage MOOC instructors to “move away from the standard length of 6–10 weeks (Hollands and Tirthali, 2014)”. Besides the completion rate, their research further indicates that the retention increases with shorter course modules.

Daniel (2016) suggests that students perform best in courses with a length of between 5 and 6 weeks, although there are other, shorter courses rewarding a certificate upon completion. Barr (2014), who analyzed one of the first Bioelectricity MOOCs in 2012 (with a length of 9 weeks), concluded that shorter modules with 3–6 weeks might be suitable. Last but not least, Andone et al. (2015) even imagined so-called “Mini-MOOCs” as 2-week courses. These Mini-MOOCs, or modular MOOCs, include many advantages according to previous research: For example, they can be tested and improved separately or updated by instructors to match the learners' anticipated needs (Challen and Seltzer, 2014). They can also be seen as a response to current trends in education with the implementation of shorter (online) courses, a new curricula design and new teaching methods (Andone et al., 2015).

On openHPI, most previous courses were four to 6 weeks long. A previous analysis conducted by Willems et al. (2014) examined the completion rates and the participant behavior in various MOOCs on openHPI in 2012 and 2013. Their results show that most of the so-called dropouts quit the course after the first week. From then on, course participation in most of the MOOCs only slightly decreases toward the end of the course. Sometimes, even a slight increase in the final course week can be observed (Willems et al., 2014). Considering the courses on openHPI, we usually have completion rates ranging between 20 and 45% (Hagedorn et al., 2017), which can be considered above average based on the data published by Jordan (2015b). With these numbers, we especially have another base line than Padilla Rodriguez et al. (2020) that identified an average completion rate of 15.6% for 6-week courses.

That said, another aspect should be considered: the usage of the term “dropout”—and thereby the definition of completion rates—has been discussed controversially and it was suggested that any participant that was able to learn something should not be considered a course dropout (Liyanagunawardena et al., 2014). Other researchers further state that the dropout rate itself (if used at all) should not be seen as the single indicator to rate the success of a MOOC (Maya-Jariego et al., 2020). The authors also acknowledge in their work that learners enroll for various reasons and some intend to access only the most interesting parts for them. In particular, those learners do not necessarily want to gain a certificate but rather “experiment with online interaction, seek entertainment, and try to meet a personal challenge or simply enjoy learning” (Maya-Jariego et al., 2020). Therefore, in this article, we also differentiate the reasons for learners not continuing a course (considering their initial motivation for enrolling) and present our definition of course dropouts, no-shows, and selective learners in Section 4.1. Avello et al. (2020) also avoid using the term “dropouts” for those learners who do not complete a course. Rather, they use the terminology introduced by HarvardX and MITx identifying some (selective) learners as “explorers” (Ho et al., 2015).



3.2. Individual learning paths and micro-learning

In an interview with Harvard Magazine, Bol even posits that very few registrations come from learners who want to earn a certificate or complete an entire online course (Harvard Magazine Online, 2013). Based on this assumption, he even formulates the question of whether instructors should invest in producing full courses or rather shorter modules that can be browsed independently by learners (Bol cited in Harvard Magazine Online, 2013). With the broad availability of many (free) online courses, Wang et al. (2018) already see “more selective learning opportunities” for learners allowing them to choose topics of their choice. Although the authors attribute learners an autonomous development of individual learning paths, Wang et al. (2018) further state that learners often experience a lack of time, motivation or do not have the prerequisites necessary to successfully participate in a course of their choice.

To meet the needs of learners and based on a study with 52 participants, El Said proposes to offer a catalog of standalone modules that can be completed separately and combined (or even integrated) with other courses (El Said, 2017). Optional links from other courses would serve as an enhanced encyclopedia and could allow learners to complete those modules with a separate certificate. This way, the author imagines a higher MOOC completion rate as learners might only register for those modules they wish to complete (El Said, 2017). Those smaller modules can also be seen as a prerequisite for a personalized curriculum that would fit the individual learning needs, especially as a fixed learning path is unlikely to be suited for all learners (Chen, 2008; Sun et al., 2018). However, the author also mentions that MOOCs are still too big for micro-learning units (rather than single video items) to be suited for a customized micro-learning experience (Sun et al., 2018). In the absence of other modules, Zheng et al. (2015) observed that learners often use MOOCs as modularized resources. Rather than participating in the complete course, they pick those parts of the course that are most relevant to them (Zheng et al., 2015). Eriksson et al. (2017) also observed this usage pattern and concluded that “[...] more flexibility regarding time constraints could help learners to overcome external factors”.



3.3. Impact of reruns, exams, and self-paced courses

Teusner et al. (2015) examined the differences in course participation and completion rates in several iterations of the same MOOC on openHPI. The iterations of the examined MOOC were provided yearly to the registered users on the platform from 2012 to 2014. Except for some minor adjustments in the content, the MOOCs were identical. The completion rates were on a similar level and support our previous results (Teusner et al., 2015). While the teaching content mostly stayed the same, a few adjustments and changes were made to the graded quizzes (Teusner et al., 2015). Manallack and Yuriev (2016) created ten rules for creating a MOOC. There, they express the expectation that a well-received course should be repeated periodically (Manallack and Yuriev, 2016). To prevent cheating by learners, exam questions in graded exams should be modified for a new iteration.

Those courses analyzed by Teusner et al. offered new course content weekly and learners were supported in the forum by a teaching team (similar to our course design as described in Section 2). The category of those courses is also referred to as instructor-paced, in opposite to self-paced courses without fixed deadlines and reduced or no support from a teaching team. Some sources indicate that learners might learn more time-efficiently in those self-paced courses and achieve slightly higher scores in quizzes (Rohloff et al., 2020). Other sources doubt the impact of the self-paced mode on learning behavior and instead point to more diverse motivations for learners to start learning (Watson et al., 2018). Furthermore, Avello et al. (2020) pointed out that learner engagement in self-paced courses is not higher than in instructor-paced courses despite the enhanced flexibility. Neither have they observed a higher chance of learners accessing more of the course content—although the course material was fully available from the start—nor have they observed higher completion rates (Avello et al., 2020).




4. Evaluation

As outlined in Section 2, our evaluation is based on a total of 10 monoliths and module series. Before outlining key course metrics, we describe the methodology and the approach we use for our analysis in detail. Furthermore, we will discuss and classify our results in Section 4.3.


4.1. Methodology

Answering our research questions (see Section 2) requires an analysis of enrollment numbers and course participation (RQ 1 and RQ 2), engagement with the final exam (RQ 2) as well as overall differences between the monoliths and module series (RQ 3). Therefore, in the following paragraphs, we introduce our approach to the analysis, the data we analyze, and the specifics to consider.


4.1.1. Investigated course metrics

To compare the monoliths with the module series, we mainly focus on course enrollments and participation in the assignments as required for a graded certificate. Other metrics, such as videos watched or self-tests taken, are not considered for certification and therefore not further investigated. For the course enrollments, we consider all learners who signed up for a specific course before the submission deadline of the final exam (either within a monolith itself or the separated exam for module series). For the participation in assignments, we considered all learners who submitted any response to the respective assignment. Further, we identified the overall performance for assignments as the number of learners scoring at least half of the available points. New submissions are only possible before the deadline of an assignment, so these numbers only include active learners who participated during the official course period.

For better comparability of user behavior and enrollments in both course types, we first align the structure of the activity data. In a first step, we formed three groups of 2 weeks each and separated the final exam of monoliths for our analysis. Thereby, the monoliths are better comparable to the module series with the separated exam. In a second step, we removed all learners not being active in the respective group, which means learners who did not visit at least 50 % of the content of the respective course weeks. We assume that those learners (for whatever reason) did not actively engage with the provided learning content. The result of this analysis is shown in Section 4.2., where we present the combined data of all analyzed courses separated by course type in one Venn diagram each. The chosen visualization allows us to illustrate all combinations of learners actively engaging with any of the four groups (the first, second, third module, or the final exam).

In this context, the visualization in the Venn diagrams also has an advantage regarding the identification of learner navigation patterns, as dropouts and selective learners become easily identifiable. Many online courses suffer from declining participation over the course period (Goopio and Cheung, 2021). This problem begins way before the course period, as learners enroll beforehand and then do not begin learning. Traditionally, those learners that enroll for a course, never visit any learning unit and do not achieve any score in the assignments are considered as “no-shows” (Mustafaraj, 2014). Among the learners that started but did not complete an entire course or module series with a graded certificate, we distinguish two additional groups next to no-shows: course dropouts, as well as selective learners. For this article, we define no-shows as learners that enroll for a course offering before the start but never access the course later. We further see dropouts are users who opt out during the monolith or module series during the course runtime as defined in Section 3.1, while selective learners only take parts of a course or series of modules that interest them.



4.1.2. Participation in the weekly assignments and final exams

While the overall enrollment numbers in the courses provide an overview of those learners reached with the course offerings, an analysis of the participation numbers in the assignments allows more detailed insights into the learners' activities. To compare the courses with each other, we set the number of no-shows in relation to the number of enrollments. Thereby, we focus on all learners that engaged with any of the weekly homework or the final exam, including completers with a graded certificate, explorers with a confirmation of participation, course dropouts, and selective learners.

As we use participation in the weekly homework assignments and exams as a proxy for engagement with the weekly-provided content, we refrained from analyzing participation in the discussion forum, or evaluating learners' unique learning paths, or the progress on individual learning items. However, on a weekly scale, we also investigated the differences of breaks between the modules and the final exam.



4.1.3. Breaks between modules and exams

In our study design with modularized courses, we carefully considered various combinations of breaks between course modules and the overarching final exam. For this analysis, we distinguish between two types of breaks: First, a break might be planned between two course modules with new learning content or, second, between the last course module and the final exam. In any new module series, we have slightly adjusted the number and duration of breaks. Thereby, we want to answer our second research question and investigate how breaks between course modules and before the exam affect learning success, in particular, whether course breaks have a positive or negative impact on completion rates.

For each exam offered for the module series, we mainly focus on three key metrics. As an indicator of the overall interest of learners, we consider the enrollment numbers for the exam to provide a considerably good measurement. Together with the initial publication of the module series, we also published the exam as a separate offering and invited users to enroll at any time. Thereby, users could choose to enroll for the module(s) of their choice or participate in the full module series with the final exam. While enrolling for an exam always was unrestricted and available to everyone, access to the exam was only granted those learners who participated in all three underlying course modules. This prerequisite was communicated clearly and learners' eligibility to participate in the exam was shown individually on the platform.

As a second measurement, we collected the no-show rate of the exams offered. According to our previous definition of no-shows (see Section 4.1.1), we consider no-shows to be learners that enrolled for the exam but did not access it. This could either be learners who lost interest in the exam or who did not meet the prerequisite of participating in all three course modules (e.g., because they were only interested in a single module). Third, we analyze participation in the exam and differences between successful and unsuccessful participation following our certification guidelines. Learners achieving at least 50% of all possible points are awarded a graded certificate and are also considered to successfully pass the exam. Based on these metrics, the overall interest of learners (as measured with the enrollment numbers), the no-show rate, and participation in the exams, we aim to identify differences based on the length and availability of breaks within the module series in terms of impact on the overarching final exams.




4.2. Results

We analyzed a total of six monoliths and four module series with more than 50,000 actively enrolled learners. Before presenting the results of the individual courses and participation in the exams, we first provide an overview of the courses in general and their differences.


4.2.1. Participation in monoliths and module series

A comparison of the monoliths and the module series yielded slightly varying patterns of learner engagement. As described in Section 4.1, we formed 2-week groups for the analysis, so that a monolith is divided into three groups (each consisting of 2 weeks) and a final exam. Figure 2 shows the participation in each of these groups and the final exam for all monoliths analyzed in this article. Each group is annotated with the total number of active learners, i.e., those who accessed at least 50% of the available course content in the respective weeks. The overlaps of the various groups in the diagram show the overall engagement of all active learners. For example, 10% of all learners participated in the first 4 weeks (group Week 1 & Week 2 and group Week 3 & Week 4) but neither in Week 5 & Week 6 nor the Exam. With about 64% of all learners, most active users fully participate in a course and also the exam offered.
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FIGURE 2
 Active participation in the monoliths (i.e., ISec 2014, ISec 2016, ISec 2018, ISec 2020, WWW 2015, and WWW 2017). The Venn diagram visualizes how many users participated in any given combination of course weeks or the final exam, respectively.


Besides the aggregated diagram covering all six monoliths (as shown in Figure 2), we also analyzed each course individually. The ISec courses range between 68 and 75% (median: 74%) of learners accessing course materials from all weeks, where the WWW courses have 50% (WWW 2015) and 65% (WWW 2017), respectively.

Similarly, Figure 3 depicts the participation in the three modules and the separated final exam that together form a module series. Again, each module shows the number of learners (with their enrollments) actively participating in any of the first course modules. Therefore, the overlaps indicate how many learners enrolled and participated in more than a single module. According to our analysis, however, about 33% of learners participated and enrolled only in the first module of a module series. As shown in Figure 3, 14% of all learners participated in all three modules without the exam and another 15% additionally participated in the final exam (compared to 6 and 64% in the monoliths, see Figure 2).


[image: Figure 3]
FIGURE 3
 Active participation in the module series (i.e., ISec 2019, ISec 2021, ISec 2022, and WWW 2021). The Venn diagram visualizes how many users participated in any given combination of course modules or the final exam respectively.


Similar to monoliths, we also analyzed each module series individually first. This time, full participation in all three modules and the final exam ranged between 32 and 46% (median: 43%) for the ISec series and was at 36% for the WWW module series. In this respect, the course modules have a lower participation than their monolith counterparts, even though the topics and their presentation styles are comparable. We further noticed that the ISec courses usually attract more learners to finish the learning than the WWW courses.



4.2.2. Weekly and overall enrollments in the module series

While the Venn diagrams show clear differences in the participation of learners in a monolith or the complete module series, the analysis of the no-show rates for the learning content does not show any significant difference (Welch Two Sample t-test t = −1.16, p = 0.14) between monoliths (mean 26.7%, σ = 0.04) and module series (mean 23.4%, σ = 0.06). However, the participation in exams is overall relatively low compared to the number of enrollments. Analyzing the no-show rate for the exams shows a statistically significant difference (Welch Two Sample t-test t = −3.40, p < 0.01) based on overall enrollment numbers for the corresponding monolith or module series: The exam embedded into monoliths had a mean no-show rate of 70.7% (σ = 0.11), the separated exam in module series a mean no-show rate of 86.7% (σ = 0.04). Considering only learners who actively enrolled for the separated final exam of a module series (and thus decided to undertake an examination for the overarching certificate) the mean no-show rate is reduced to 57.1%. As visualized in Figures 4–6, the no-show rate of those final exams ranges from 41.6% over 57.7 to 77.4% (regarding the first exam offered as part of ISec 2019 module series, ISec 2022, and the third exam of ISec 2019). The figures not only show the absolute number of enrollments for each of the final exams but also indicates how many learners participated in the exam (regardless of their score) and further visualizes the number of learners successfully passing the exams (and thus receiving a graded certificate). In addition, the Figures 4–6 show a timeline of the modules and respective enrollment numbers.
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FIGURE 4
 ISec 2019 with three exam opportunities and the required modules. The lines show the weekly enrollments. The first three bars show the original course periods and the total enrollments in each of the course modules. The orange bars show the three final exams including their period.


An analysis of the enrollment numbers for the ISec 2019 module series is shown in Figure 4. The graph depicts the weekly enrollment numbers for the three modules as line charts from the initial publication of each module until the end of the third exam. Furthermore, Figure 4 marks the course periods of each module series with the enrollment numbers at the end of the respective module in 2019. The line chart shows that most learners enrolled for the courses before or during the official course period. Specifically, the weekly enrollment numbers show the first peak shortly after the course publication in late 2018 and a second increase shortly before the respective course start. In addition to the course periods, Figure 4 includes the enrollment numbers for each exam period. Interestingly, we observe only a slight increase in weekly enrollments for the first and third exams but no similar effect for the second exam period. Overall, a total of nearly 2,000 learners have registered for the second exam in early 2020 and about 3,000 for the third exam in late 2020.

In 2021 and 2022, we offered a new iteration of the three ISec modules referred to as ISec 2021 and ISec 2022, respectively. Contrary to the second and third exam opportunity of ISec 2019, we also repeated the module series for the final exam in 2022. Figure 5 visualizes the weekly course enrollments, the course and exam periods as well as the total enrollments up to the course end or submission deadline of the exam. Similar to the first iteration of the ISec modules, we saw the first peak of new enrollments after course publication in late 2020 and 2021, respectively, and a second increase shortly before each course started.


[image: Figure 5]
FIGURE 5
 ISec 2021 and ISec 2022 with both exam opportunities and the required modules. The lines show the weekly enrollments. The first three bars show the original course periods and the total enrollments in each of the course modules. The orange bars show the final exams including their period.


The enrollment numbers for the WWW modules offered in 2021 show a slightly different pattern than the previous course modules. Figure 6 depicts that the module series was announced in early 2021 but did not attract many weekly enrollments until the first module started. While offering a break between the modules, we allowed learners to complete the module series by taking the final exam immediately after finishing with the learning content from the second week of the third module.
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FIGURE 6
 WWW 2021 with the exam opportunity and the required modules. The lines show the weekly enrollments. The first three bars show the original course periods and the total enrollments in each of the course modules. The orange bar show the final exam period.




4.2.3. Engagement with the assignments

Figure 7 shows the participation of all assignments in the investigated course offerings, annotated with the course type and course language. For monoliths, it visualizes decreasing engagement with the assignments during the course period. However, the module series with a final exam, reveal a different participation pattern. While the engagement with the assignments decreases within each of the three modules, we partially observe no further decrease or even an increase when a new module starts (such as for the ISec 2019 series). In the specific case of the ISec 2019 module series (among others), the relative participation in some homework assignments also raises above 100% (e.g., in week 3). This indicates that a latter course module attracted more learners than a previous one, so that more learners participated in the respective homework assignment in the given week compared to the first week (our reference point of 100%).
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FIGURE 7
 Development of the participation in course assignments over the course period in relation to the participation in the homework assignment of the first week.


For the visualization in Figure 7, we focused on differences between the monoliths and the module series and decided not to differ between the specific exam opportunity used by learners. For example, any learner taking the final exam of the ISec 2019 series is considered, regardless of whether they chose the first, second, or third exam repetition. Only ISec 2022 is shown separately (even though the modules were a rerun of the ISec 2021 modules) as the full module series was offered again with teaching team support.



4.2.4. Breaks between course modules and impact on exams

Regarding breaks between the modules, we do not see any major influence on course enrollments or course participation in our data. We only see some indicators that learners might enroll more selectively for modules when those have breaks in-between each other. For example, we observed that course registrations for the first module of the ISec 2019 series were higher than those registrations for the second or third module. In comparison, weekly enrollments for the individual modules of the ISec 2022 series were at a similar rate indicating learners enrolling for all modules at the same time.

For the final exam, however, we made slightly different observations regarding breaks: If the final exam was offered with a 1-week break from the previous module (as it was the case for the ISec 2021 series), relatively fewer learners participating in the modules registered for the exam. When allowing learners to take the exam without a break after the last module, the share of learners registering for the exam was higher (as seen for ISec 2022). More specifically, ISec 2021 had a mean of 4,912 learners per module, but only 2,361 enrollments for the exam (48.1%). While ISec 2022 featured the same content but no break before the final exam, the module series attracted a mean of 4,089 learners per module and 2,439 enrollments for the exam (59.6%).

At the same time of increasing initial interest in the exam without a break (measured with the number of enrollments), the no-show rate also increases from 41.9% for a 1-week break offered in ISec 2021 to 57.7% in ISec 2022. When longer breaks are present between the course modules and an opportunity to take the exam (e.g., with ISec 2019), overall participation in the exams decreases and the no-show rate increases. Our data indicates an increasing no-show rate for the first, second, and third exam opportunity of ISec 2019 with 41.6, 68.8, and 77.4%, respectively.

Besides the no-show rate, we also analyzed how many learners completed the exam successfully. The results of our analysis for the module series are also visualized in Figures 4–6 with different colors for the exam periods. In our data, we cannot see a similar change for the successful participation between repeated exam opportunities as with the no-show rate. For ISec 2019, 93.2% of all participants passed the first exam, 93.1% the second and 88.9% the third exam. Similarly, ISec 2021 and ISec 2022 share a similar success rate of 96.2 and 96.9%, respectively.




4.3. Discussion

When comparing the enrollment numbers of the various courses (see Figures 4–6), we identified that most learners enroll before or during the course period to participate in the course, take the weekly assignments and join the social interactions in the discussion forum. Only a few learners enroll in the course modules shortly before the exam period starts (e.g., 1 week before the first exam opportunity of ISec 2019, see Figure 4). These comparably low enrollment numbers also apply to new exam opportunities offered independently from the original course modules (such as the second or third exam opportunity of ISec 2019).


4.3.1. Repeated exam opportunities and course reruns

Thereby, we conclude that “just” offering the exam is not enough to attract many new learners to a module series. However, we still see about 2,000 enrollments for a second exam offered half a year after the first one and about 3,000 for a third exam offered after another year. Following the enrollment numbers of the three modules, we conclude that these repeated exam opportunities attracted two types of learners: Either, learners originally participating in the course modules (and thus being already enrolled for these modules), or some new learners enrolling in the course modules after the modules officially ended (to access the learning content in self-paced mode). Conclusively, these learners either wanted to learn at their own pace without participating in the first exam, were interested in a second attempt to achieve a better result, or heard about the module series at a later date. Our observation regarding the low participation rate in the second or third exam is also consistent with previous findings on the retention rate of knowledge acquired in MOOCs (Teusner et al., 2018). Consequently, learners would need to revisit many knowledge areas if they participated in the modules several months ago.

Since self-paced courses and the mere offering of exams turned out to be not enough to attract new learners for a module series (or a MOOC platform in general), we recommend also offering a rerun of the learning content. Within a rerun, learners are presented with new content on a weekly basis, can participate in forum discussions, and are supported by a teaching team in case of further questions. Thereby, the experience for learners in a rerun is comparable to the original version, however, the workload for teaching teams is greatly reduced. The impact of a rerun on exam participation can be observed with the differences in third exam of ISec 2019 and the ISec 2022 offering. In both cases, the previous opportunity to take the exam was about a year ago (with the second exam of ISec 2019 and the initial ISec 2021 module series). However, actual participation in the ISec 2022 exam was almost twice as high with 42.3% than in the third exam opportunity of ISec 2019 with 22.6%. We mostly attribute the increased participation and decreased no-show rate to the availability of the underlying course modules in instructor-paced mode.



4.3.2. Participation in assignments

Nevertheless, the participation in exams was relatively low in relation to the overall number of enrollments in the module series, as previously described in Section 4.2.2. The increased number of no-shows in the exams (compared to the modules) might be caused by a combination of an early publication date, no new learning material, and reduced social interaction during the examination. Yet, our analysis shows that these factors did not necessarily lead to higher failure rates in the exams. Similarly, the breaks do not seem to influence successful participation in an repeated opportunity of the final exam. Therefore, this result is in accordance with related work, indicating that self-paced learning of new content (that was required to participate successfully in the exam) does not necessarily lead to higher completion rates (Avello et al., 2020).

Compared to monoliths, participation in the separated exams of module series was significantly worse. As shown in Figures 2, 3, fewer learners initially enrolled and participated in the exams. Furthermore, the no-show rate also increased from 70.7% (monoliths) to 86.7% (module series) based on overall enrollment numbers for the entire course or module series. When comparing only active learners participating in the weekly homework assignments, we see similar results: In a monolith, most of the learners participating in the last homework assignments also take the final exam (see Figure 7). However, our data also suggests that fewer learners who participated in the third module also take the exam.



4.3.3. Selective learning behavior and course dropouts

We assume that the varying participation rates in the weekly and final exams are caused by multiple reasons. Therefore, we differentiate between no-shows, course dropouts, and selective learners (as introduced in Section 4.1.2) Identifying multiple heterogeneous groups within the learner community is in line with previous research, such as Rohloff et al. (2019), on individual learning objectives. Grouping the learning material into multiple learning goals is one way proposed in the literature, separating longer 6-week courses into multiple shorter modules could be another approach.

The applicability of this approach is emphasized by the learners' adoption of the course modules: For example, we observed in Figure 7 higher participation in some of the second or third modules of a module series than in the first module. This is unique to the module series and without a counterpart in the monoliths we analyzed. Thus, based on our analysis, we conclude the applicability of modularized courses as one further approach to meet the flexibility demands raised by learners on our platform. According to our analysis, modularizing course offerings does not have a negative effect on completion rates within a module but rather supports more selective learning behavior. We further see that the share of learners participating in all modules of a module series (and the final exam) is much lower compared to the monoliths (see Figures 2, 3).



4.3.4. Influence of breaks in a module series

While modularizing courses with a separated exam generally worked and did not yield reduced completion rates in the modules, we also investigated the impact of breaks between the modules. Our analysis revealed that breaks affected the learners' behavior of enrolling for the module series: With almost no break or a 1-week break between the modules, many learners immediately enrolled for all three modules. In case of the 3-week break between the modules of the first ISec 2019 module series, more learners selectively enrolled only for a single module at a time. While the observed effect might be influenced by an enhanced communication of the course design or recurring learners getting used to the smaller course modules being offered, the differences might also be related to a more distinctive appearance of the individual modules caused by the breaks.

However, when considering the drop in participation between the six homework assignment and the final exam in ISec 2021 and ISec 2022, a break before the exam (in case of ISec 2021) might prevent some learners from waiting another week for their participation. As seen in Figure 7, the presence of a 1-week break causes less learners previously participating in the third module to take the exam. We observed a similar effect when comparing the enrollment numbers for the exam period for ISec 2021 (48.1%) and ISec 2022 (59.6%) based on initial interest for the underlying course modules. Therefore, we conclude, that more learners plan to participate in the final exam if it is offered without a break (and thus register). However, this increased interest in the exam was not yet reflected in an actual increase in participation, as the number of no-shows increased at the same time. Those learners participating in any exam (regardless of the length of a break) achieved similar results, even though a longer break (and the associated self-paced study) might reduce the overall scores slightly.



4.3.5. Potential limitations of our study

The study design at hand is based on two courses offered in various iterations to a German and English learning community over 8 years. While we consider them to be similar with the same course instructor and, therefore, be suitable for our analysis, some iterations featured updated learning materials to stay up-to-date. A few courses even included interactive assignments and hands-on experiences to reiterate the learning content. Required participation in larger assignments has been shown to impact completion rates negatively (Staubitz, 2020). Therefore, the interactive assignments featured in the courses under supervision were purely optional or only contributed marginally to the overall course score. Thereby, learners were still able to gain a graded certificate for the courses without their participation in interactive assignments, reducing the impact of those elements on our analysis. Additionally, some modules were offered during the global COVID-19 pandemic, which was accompanied by various lockdowns. In our data, we did not find evidence that our observations have been influenced by the pandemic. For example, a comparison of participation of weekly homework assignments (see Figure 7) yielded similar effects for all monoliths and module series regardless of the year they were offered.





5. Future work

So far, we analyzed course enrollments and participation rates for several iterations of two popular courses on web technologies and internet security on openHPI. While our evaluation provides first insights on learner behavior in modularized courses, we plan to expand our research on more platforms: For example, we observed a switch from 6-week courses to shorter 4-week courses offered on openSAP4. These changes are also intended to accommodate a higher level of flexibility for learners, similar to our efforts. Another example are longer running courses on eGov-Campus5, which are partially intended for students. While these are only two examples, we intend to continue our research with other courses and additional platforms to identify more generalizable recommendations for course designs.

As part of a more detailed analysis, we will also use additional metrics to compare the learning behavior. While, so far, we have focused on the number of enrollments, no-shows, and participation in the homework assignments and exams as a proxy, we plan to expand our analysis: For example, we will consider when the individual learning items within a course week were accessed (e.g., during the original course period or subsequently in self-paced mode). Moreover, we will investigate whether the usage of the discussion forum (and thereby the sense of community) within the monolith and the module series differs.

Furthermore, we also see the course modules investigated as the first step toward individualized learning paths. Following this direction, we would like to allow learners to combine different modules themselves and offer them more flexible exams based on their learning path. In the subsequent analysis, we will evaluate how learners use this opportunity and which effects it has on key course metrics. Additionally, the future study will contribute to the field of self-regulated learning and the influence of learning goals.



6. Conclusion

In the article at hand, we compared our traditional monolith courses to our new module series. By analyzing key course metrics, such as the no-show and completion rate, as well as the learners' success in the exams, we answer the following research questions:

RQ 1: Has this modularization had a negative effect on course enrollments or participation?

RQ 2: To what extent are breaks between modules influencing dropout rates and learning outcomes?

RQ 3: Which differences can we observe in selective learning behavior between the course offerings?

RQ 1: Within each of the modules, we did not find any negative effects on participation or completion rates. Further, we did not observe significantly higher dropout rates in the shorter modules in comparison to the monoliths. However, overall participation in the final exams of the module series was lower than in the integrated exams of a monolith. This results from the more selective learning behavior in module series (see RQ 3) and breaks between the modules (see RQ 2). Despite the decreased participation in the exam of the module series, the weekly homework assignments of the modules do not show the same declining participation pattern as we have observed within the monoliths. Instead, we have shown that more new learners are attracted by starting a new module than by publishing a new week in an ongoing monolith.

RQ 2: Our analysis indicates that offering a module series with or without a break between the modules did not affect course dropouts in comparison to a monolith. However, the presence of breaks between modules leads to a higher selective learning behavior. Furthermore, the length of a break particularly between the last module and the exam has a proportionally negative effect on participation in the exam. Therefore, we recommend to offer exams without a prior break. Additional exam opportunities offered after half a year or a full year provide more flexibility for learners originally participating during the course period, but only attract a few new learners to join the self-paced courses and prepare for the exam on their own. In contrast to the increased no-show rate, we found only marginal differences in the learners' performance in those later exams.

RQ 3: Compared to a monolith, learners in module series show a more selective learning behavior, where participation in the final exam appears less appealing. As an overarching certification is not their primary motivation, the share of learners completing a module series is lower than those completing a monolith. Additionally, we observed that self-paced courses do not attract additional learners. Just offering a new possibility to earn an overarching certificate in a new iteration of an exam does not improve this. Instructor-paced courses, however, are much more popular and every additional iteration attracts a similar amount of new learners.

Besides the results discussed, we pointed out further research opportunities, such as potential differences in the usage of discussion forums or access patterns of learning items. We also introduced a simplified proxy—measuring learners' participation in weekly assignments—to observe selective learning behavior in online courses. This allowed us to uncover different levels of interest and engagement in individual weeks in addition to analyzing active learners in each module. With our analysis of course modularizations and selective learning behavior, we contribute to the ongoing research on more flexible learning opportunities and pave the way for individualized learning paths. Our results show the acceptance of modules and provide recommendations to accommodate learners' requirements regarding breaks between individual courses to reduce the number of course dropouts.
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Footnotes

. ^1 https://open.hpi.de

. ^2 To earn a CoP, the participants has to consume at least half of the course materials. It is not necessary to successfully complete the weekly assignments, therefore, the modules can also be attended in self-paced mode outside the actual course period.

. ^3 End of 2019 and in late 2020.

. ^4 https://open.sap.com

. ^5 https://egov-campus.org
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