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ABSTRACT

In 2017, Geoffrey West published his book Scale in which he exam-
ined universal laws of scale in different contexts. Inspired by his
keynote in 2021’s Learning@Scale conference, we investigated the
applicability of these laws in the context of Massive Open Online
Courses and learners’ behavior. We tested these laws on different
learning platforms from academic, enterprise and social, and re-
search contexts. In this paper, we examine course characteristics,
such as course size, the completion rate, and the forum activity.
We observed that the number of issued certificates scales almost
identically on all examined platforms, while forum participation
scales slightly different on each of the platforms. In the future, we
will perform a deeper analysis on the forum behavior that exceeds
a mere quantitative analysis.
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1 INTRODUCTION

In 2017, Geoffrey West published his book Scale in which he ex-
amined Universal Laws of Growth, Innovation, Sustainability, and
the Pace of Life in Organisms, Cities, Economies, and Companies.
He claims that there are universal laws of scale, which can be ob-
served in various domains. In biology, he identified these universal
laws regarding the size of animals in comparison to their meta-
bolic rate or the length of their life. Also, in his book he describes
similar patterns in economics or sociology [6]. For example, he
observed that infrastructural facilities in many cities all over the
world follow similar rules, e.g., larger cities need comparably less
gas stations than smaller cities. So cities are economies of scale,
the infrastructure scales sub-linearly. However, he also observed
that socio-economic factors of cities scale differently: they scale
in a super-linear way. In a following step, West tried to determine
over- and under-performers within the examined cities and their
deviation from the average city of their size [6]. West’s theses are
not completely undisputed. Fix [2] agrees with West in many as-
pects, but warns that the laws that are postulated might not be as
universal as West claims.

West’s Keynote at L@S2021 [7] inspired us to determine whether
similar laws can also be applied in the context of Massive Open
Online Courses (MOOCs). Our basic hypothesis is that similar to
West’s observations! concerning the scaling of cities, we will be
able to show that such scaling laws can also be found in our course
data. For this paper, we focused on the following research questions:

RQ1: Is there a scaling law observable between the size of a MOOC
and its completion rate?

RQ2: Is there a scaling law observable between the size of a MOOC
and its forum activity?

2 APPROACH

A summary of West’s theory can be found here: https://ted.com/talks/geoffrey_west_
the_surprising_math_of _cities_and_corporations
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Figure 1: Development of enrollments and course length (2012-2021). Each dot represents a publicly accessible course on the
examined platform. The black line has been added at the level of 10,000 enrollments as a reference point.
(mooc.house: 59 courses, openHPI: 85 courses, openSAP: 372 courses)
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Figure 2: Percentage of course completion/number of graded certificates per course (2012-2021). Each dot represents a publicly
accessible course on the examined platform.

Our long-term evaluation of the laws of scale in the context of and, additionally, visited at least one item (referred to as Shows).
MOOC:s is based on six learning platforms we operate for several Finally, we measured the distance from a course’s actual perfor-
partners in academic, enterprise, and social contexts. The data mance in comparison to the expected performance it should have
reflects the time frame from the start of each of the platforms according to its size.

until August 2021. While the learning features offered to course
instructors and learners are almost identical on these platforms, the
types of the courses and the target audiences differ. At the time of
analysis, we operated six platforms for our partners. We excluded
two of them as they were quite new and did not offer many courses
yet. Therefore, only an insufficient amount of data was available. We 3 EVALUATION AND DISCUSSION
excluded another platform which is mainly operated as a knowledge

base rather than offering regular course formats.
Hence, for the analysis outlined in this paper, we used the fol- eral size of the examined courses and how they have evolved over
time. Figure 1 shows the development of the course sizes over the

years. Generally, the number of participants per course on all three
platforms is slightly decreasing. The trend of participant numbers
on the smaller platform mooc.house is not reflecting the actual de-
velopment of this platform. The white-label platform mooc.house
recently gained multiple partners offering smaller courses by design.
On all platforms, we observe a tendency towards shorter courses,
which can be explained by several factors, such as a better percep-
tion of shorter courses by learners and a more suitable schedule for
teachers. Figure 2 shows that there is an increase in course comple-
tion over the years. This can be attributed either to the tendency
towards shorter courses or to another tendency that we observed

To provide some context, we start with an overview on the gen-

lowing three platforms: (1) mooc.house is a white-label platform
allowing small- to medium-sized partners to offer own courses for
narrow target groups. (2) openHPI covers a wide range of topics
about information technology (IT). As an academic platform, the
courses range from introductory topics to current research topics
and mainly target lifelong learners. (3) openSAP also offers courses
in the field of IT and focuses on enterprise MOOCs including spe-
cific training on the services provided. Besides the different target
groups, the platforms differ primarily in their size in terms of the
number of courses, registered users, and course enrollments.

We extracted a set of variables for each publicly available course
on all three platforms and examined it according to the approach

that was used by West. We focused on three variables, which were in our data: the number of new enrollments is decreasing stronger
than the course sizes, which indicates that users are coming back

(1) course size , (2) course completion as measured in the number
and, therefore are better accustomed to our course format and the

of graded certificates, and (3) forum activity as measured in the
number of forum posts per week. For the course size, we further platform.
differentiate between the total number of learners (referred to as Finally, we observed that the forum activity measured in average

Number of Enrollments) and the number of learners who enrolled posts per participant per course week has significantly increased on
openHPI over time, while it stayed constant on the other platforms.
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Figure 3: Course size correlated with graded certificates. Logarithmic scales on both axes. The black line represents a slope of 1
and has been added as a reference. Each of the dots represents a publicly available course.
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Figure 4: Course size correlated to number of forum posts (normalized by course length). Logarithmic scales on both axes. The
black line represents a slope of 1 and has been added as a reference. Each of the dots represents a publicly available course.

3.1 Course Size vs. Completion Rate displays the normalized number of forum posts within the courses
correlated with the number of course shows. Our expectation here
would be to find a super-linear scaling rate. When more people
are active in a forum, posts are answered more quickly and discus-
sions therefore gain traction more quickly, causing activity to rise.
Figure 4 shows that this is actually the case for the courses on the
openHPI. The slope of the course size in comparison to the forum
activity is & 1.3. On the two other platforms, however, the slope
is close to 1 with a tendency to a sub-linear scaling. So, according
to West, we will basically just run out of human resources when
a certain course size is reached. As we know from experience in
teaching these courses, forum support can be scaled easily in the
first step, e.g., with the help of student assistants, who just filter
the noise and direct the more experienced teaching team members
towards the tricky content questions and the discussions where
the sentiment is taking a negative turn. Obviously, this approach is
also limited as student assistants are a limited human resource.

According to West/Malthus [6], humanity is escaping the col-
lapse with ever increasing innovation rates. Innovations enable us
to continue a new super-exponential growth curve on top of the
previous one right before it would have collapsed. For example,
the implementation of a chatbot allowed us to handle the ever-
increasing help desk requests on one of the platforms that we
excluded from the work for the paper at hand [1]. Another factor
that comes in useful in this context is that the nature of the teaching
teams’ forum tasks differ significantly in small and large courses.
In small courses, the teaching teams have to act more frequently,
while in larger courses the main task is reading and monitoring
since many questions are already answered by other participants.

In our data we have also observed a correlation between the
forum activity and the course completion. The slope of this correla-
For research question RQ2, we examined the scaling laws of the tion is approximately 0.6. As we have shown that both completion
course size with regard to the forum activity. For this, Figure 4

To answer research question RQ1, we want to examine whether
the course size itself has any effect on the course completion rate.
Figure 3 represents the number of graded certificates that have been
achieved by learners in the courses in relation to number of shows in
the course. In accordance with West, a sub-linear slope here would
indicate that the number of graded certificates earned in such a
course would basically follow the curve of a sigmoid function, mean-
ing that from a certain course size the number of earned certificates
would stagnate [6]. Therefore, a sub-linear growth rate could be an
explanation that we (with our comparably small courses) generally
have higher completion rates than the much larger courses on the
major US MOOC platforms, such as Coursera or edX [3]. A super-
linear growth rate, however, would result in a super-exponential
growth curve and, at a certain size, would have to result in the
collapse of the system (West refers to Malthusian economics) [6].

Figure 3, however, shows that neither a sub- nor a super-linear
scaling is the case. On all three platforms analyzed, the slope almost
fits the reference line (slope = 1). So, at least in the context of the
course formats as they are offered on our platforms, the success
of the participants measured through the number of certificates
achieved by learners is not dependent in any way of the course size.
This implies that these courses can scale more or less indefinitely,
without having an effect on the course completion. We double-
checked these results with the excluded knowledge-based platform
and observed the same behavior there, even though the nature
of the courses and exams there differs completely from the three
examined platforms.

3.2 Course Size vs. Forum Activity
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Figure 5: Forum activity performance: openHPI.

rate and forum activity generally are independent from the course
size, we dare to say that a higher forum activity has a positive effect
on the course completion. We have shown that there is such an
effect in previous publications Staubitz et al. [5] where we also have
suspected that there are differences in this effect due to the quality
of the discussions, but we have not yet addressed this issue in depth.
The sub-linear slope indicates that the dependency follows a sig-
moid curve, which is plausible. Until the forum activity has gained
a certain traction, it does have a low effect on the completion rate.
At a certain point, there is an optimal spot where the amount of
communication is just right and has a positive effect on the course
completion. However, once that point is passed, the amount of com-
munication just gets too much and rather distracts the participants
than to contribute to their success.

4 OUTLOOK

Besides testing the scaling laws for the course completion and
the forum activity, we additionally examined the over- and under-
performers on openHPI. Figure 4 shows that there are courses with
a higher forum activity than expected for their course size and
other courses with a lower forum activity. To measure the over-
and under-performance of these courses, we calculated the distance
between the value that would be expected due to the number of
participants in that course and the forum activity we measured?.

Figure 5 shows this performance for each of the examined courses
on openHPI relative to the regression line. The courses are ordered
by their relative performance (the difference of the actual and the
expected activity). The size of the dots represents the number of
course participants, while the color encodes the length of the course
in weeks. On openHP], the course length in most cases also has a
semantic context: 2-week courses are either workshops or lectures
that have been split into shorter modules and 4-week courses are
hands-on programming courses. 6-week courses are our original
course format, mostly derived from on-campus lectures from HPI
professors. The 12-weeks courses are derivates from the 4-week
hands-on courses, which were stretched without adding new con-
tent to make them more applicable to be used in a school context.
Figure 5 shows that the workshops and other 2-week-formats as

2A similar technique is used in West’s work.
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well as the hands-on courses are performing particularly well while
the lecture-based MOOCs with few exceptions are located on the
lower end.

The examined data set is by far too small to deduct universal
laws from this. To do so, similar examinations would need to be
done on many other MOOC platforms. A possible approach to do
this would be to follow-up with the work that Ruipérez-Valiente
et al. [4] have started in this direction.

Another interesting path worth following is a deeper, more quali-
tative examination of the forum data to get a better grasp why some
of the courses are over-performers and others are under-performers
in terms of the forum activity and the actual effect of the forum
activity on the completion rate of the course. To do so we intend to
implement a sentiment analysis of the forum discussions as well as
a communication graph within the participants and to examine the
effect of certain teaching team interventions as well as the teaching
teams forum activity in general. Additionally to the writing activity
in the forum, we will add the reading activity to the picture.

5 CONCLUSION

The starting point for this research was our interest in Geoffrey
West’s theories of Scale and if we can find similar laws in the
context of MOOC:s. For this paper, we focused on the variables
course completion and forum activity in relation to the number of
course participants. We have shown that both variables neither scale
in a sub- nor a super-linear way. Except for the forum activity on
openHPI, where we have a super-linear scaling factor of 1.3, the
scale factor approximates the slope of 1. Therefore, we can conclude
that the course size doesn’t influence the completion rate and forum
activity.

The results of our study already show the applicability of the
scaling law described by West to MOOCs and outline the future
aspects we are investigating,.
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