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Abstract

In MOOC:s, learners are typically presented withageaitonomy over their learning process.
Therefore, learners should engage in self-regulaetething (SRL) in order to successfully study in a
MOOC. Learners however often struggle to self-ragutheir learning. We implemented an SRL
intervention in three MOOCs. The intervention cetesil of three short videos containing SRL
instruction and study suggestions to improve laatr®RL. We tested the effects of the SRL
intervention on both learners’ course completiowat as on learners’ SRL. Learners’ SRL was
measured with trace data variables indicating SRivigy. The results showed that the intervention
positively affected learners’ course completiornrtkermore, the learners who complied with the
intervention also engaged in more SRL activitiempared to the learners in the control condition:
learners who complied showed more metacognitivieiaes before learning (planning), help seeking,
and persistence. Intervention compliance was homleve Further analyses exploring potential
causes of the low intervention compliance were ootetl. The great majority of learners who did not
comply with the intervention dropped out of the MO®efore they encountered the implemented
intervention. We conclude that the SRL interventias been successful in supporting both learners’
SRL as well as their course completion. Implicadiarclude the importance of supporting learners’

SRL as well as the necessity to conduct furthexaneh on how to improve intervention compliance.
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1. Introduction

In online education, learners typically have maraomy over their learning process than in
traditional, campus-based education. This is eaflgao in Massive Open Online Courses (MOOCSs),
a specific form of online education. In MOOC:s, leas have the freedom to decide over the pace,
place, and time of their learning. This autonongved to learners in MOOCSs requires that learners
engage in self-regulated learning (SRL; LittlejoRiood, Milligan, & Mustain, 2016; Wang, Shannon,
& Ross, 2013; Zimmerman, 2000). Learners howevinastruggle to successfully regulate their
learning process (e.g., Azevedo & Cromley, 2004;86arner, 2011; Dunlosky & Lipko, 2007;
Peverly, Brobst, Graham, & Shaw, 2003). It is tfeneimportant to support learners’ SRL. In this
study, we present an SRL intervention implementetiiee MOOCSs to improve learners’ SRL as well

as their course completion.

1.1 Self-regulated learning

In order to successfully deal with the autonome @t in online education, learners have to
engage in SRL. SRL entails that learners are dgtimeolved in their learning, both metacognitively
as well as motivationally, and behaviorally (Zimmen, 2002). SRL is split into three phases: the
forethought, the performance, and the reflectiomsghIn the forethought phase, learners who self-
regulate set goals and plan their learning. Inpiormance phase, learners work on the task, omwnit
their learning, seek help when needed and focusatiention. In the reflection phase, learnersectf
on their progress and the cognitive strategies tiseygl (Puustinen & Pulkkinen, 2001; Zimmerman,
2002).

The influence of SRL on course outcomes and acadachievement has been studied
extensively. Meta-analyses have shown that théoakhips between SRL and academic achievement
and SRL and course outcomes are significant anithmoacross educational levels (Boer, Donker-
Bergstra, Kostons, & Korpershoek, 2013; Broadbeita®n, 2015; Dignath, Buettner, & Langfeldt,
2008; Dignath & Buttner, 2008; Sitzmann & Ely, 202@hen learners engage more in SRL, their
achievement is enhanced. However, students diffdrdir abilities to accurately regulate their

learning (e.g., Azevedo & Cromley, 2004; Bol & Garn2011; Dunlosky & Lipko, 2007; Peverly et



al., 2003). Therefore, scholars have invested nafiicit in exploring the effects of SRL interventson
on SRL and achievement, reasoning that when iméores are successful in increasing students’
SRL, their achievement will also increase. SRLriveations are, for instance, designed to inform
learners about SRL strategies and the importan&&af or to prompt students to monitor and reflect
on their learning, or to have learners track thegirning in a diary (e.g., Berthold, Nickles, & Ren
2007; Dorrenbacher & Perels, 2016; Rosario eRall0). The effects of SRL interventions have been
integrated in a number of meta-analyses. These-amatiyses consistently show that SRL
interventions are effective both in improving leansi SRL knowledge and activities, as well as their
course performance and overall academic achievefBeer et al., 2013; de Bruijn-Smolders,
Timmers, Gawke, Schoonman, & Born, 2016; Devoldan Braak, & Tondeur, 2012; Dignath &

Bittner, 2008).

1.2 SRL in Massive Open Online Courses

SRL becomes of greater importance for learner sscefaen the learning process is less
externally regulated (e.qg., by the teacher). Laarnaist then manage their learning to a greater
extent, making SRL more critical (Beishuizen & $tef, 2011; Wang et al., 2013). Massive Open
Online Courses (MOOCSs) are a particular form ofrankeducation in which learners are provided
with a great amount of autonomy (Hew & Cheung, 2®ligilcec & Halawa, 2015). MOOCs are
courses offered by universities on designated M@@@orms (e.g., edX and Coursera). These
courses are free of charge and available to amyithean Internet connection. There usually are no
prior knowledge requirements. Due to their openattar, MOOCs often attract hundreds to
thousands of learners. In MOOC:s, learners aretfretudy what, where and when they like. In terms
of Anderson’s framework of interaction equivaleifiyazou & Anderson, 2013), most MOOCs are
high on student-content interaction, but low orckesi-student and student-student interaction. Thus,
learning occurs primarily through self-study. Theaamomy offered to learners underpins the need for
students to self-regulate their learning in ordelné successful in a MOOC (Azevedo, 2005; Kizilcec,

Pérez-Sanagustin, & Maldonado, 2017).



The necessity of SRL in MOOCs in combination with tncreased number of MOOCs
offered (Allen & Seaman, 2016) has made researdhmmers’ SRL in this context topical and
valuable. Initially, research on SRL in MOOCs atldeo forms of online education made use of
guestionnaires, showing positive correlations betweelf-reported SRL activity and course
completion (Wang et al., 2013; Yukselturk & Bula07). Recently, however, trace data are
increasingly used to study SRL. Trace data coosigiformation that is automatically stored as
learners engage with the online course materiaisngtance when they watch a video, submit their
answer to a quiz question, or navigate to a palgs. dutomatically stored log of all learner actast
forms a trace of their learning behavior, hence¢netrace data Within the field of educational data
mining, trace data have been used to identify béagarelated to student success (e.g., Lerche & Kie
2018; Theobald, Bellhduser, & Imhof, 2018). Sevesakarchers have attempted to use trace data as
an indicator of learners’ SRL. Kizilcec, Pérez-Sarmsiin, and Maldonado (2017) for instance related
learners’ self-reported SRL to their trace datae &bthors identified short sequences of activities
(e.g., revisiting an assessment after completiegtare) that occurred more commonly for learners
that scored highly on their SRL scales (e.qg., atjiatplanning, help seeking) compared to learrets t
scored low on that particular scale. Overall thaynid that learners who reported stronger SRL skills
were more likely to revisit course materials they falready completed. Unfortunately, the authads di
not explain these correlations; information on vgpgcific SRL scales and activity sequences are
associated is missing.

Maldonado-Mahauad, Pérez-Sanagustin, Kizilcec, Msyand Munoz-Gama (2018) took a
different approach and made use of trace data @hlyy first identified the most common patterns of
activity between when a learner started a learsgggion and when the learner finished the learning
session. These learning patterns were then labeksed on the activities that occurred. For instance
one of the patterns was labeleitleo lecture complete to assessment ay'it involved the learner
starting the session with watching a video andranttie session with working on an assessment. The
authors then attempted to associate each of thefecuently occurring patterns to SRL strategies.
‘Video lecture complete to assessmentwgs interpreted as self-evaluation, as the ledimser

studied material and then tested him/herself. Whidelabeling of the patterns is subjective, trsuilts



of the study do show that learners engage witlttluese materials in different ways and that SRL
interpretations of these patterns are possible.

In contrast to Maldonado-Mahauad et al. (2018), &fid Jingyan (2017) and Cicchinelli et al.
(2018) took a top down approach to their analyiselsoth studies, researchers defined a priori how
instantiations of SRL would be visible in traceadd#lin and Jingyan (2017) defined activities
signaling each of the three phases of SRL, foair#, viewing the progress page was labeled as an
instance of reflection, as course progress infaondielps learners review their performance. The
majority of learners were classified as less-efffectelf-regulated learners as their trace datandid
indicate activities in all three SRL phases. Mdfedative self-regulated learners (i.e., those whose
trace data showed activities in all three phastgwed greater persistence in the course and a&chiev
higher course grades. Cicchinelli et al. (2018tesd the frequency of learners’ planning (e.qg.,
viewing course organization information), monit@ife.g., solving quizzes), and regulating (e.qg.,
viewing content) activities to their course perfame. The number of planning, monitoring, and
regulating activities learners engaged in weréhadle strongly related to learners’ course
performance. In sum, these recent studies showsRatcan be identified in trace data. Furthermore,

SRL detected in trace data seems to predict lesirsigccess in these online environments.

1.3 Supporting SRL in MOOCs

The importance of SRL for successful MOOC learriiag not only spurred research into
measuring SRL with trace data; researchers havestdsted exploring the effectiveness of SRL
interventions in this context. Kizilcec, Pérez-Sgumin, and Maldonado (2016) asked 17 successful
learners of a MOOC to write down study tips forgbatarting the MOOC. As an intervention, the tips
were presented to half of the learners in a pressosurvey. These learners were asked to rate the
usefulness of the tips. The learners in the cogialip were not presented the tips; they were
presented the course topics and were asked tthetesefulness of these topics for their career. To
determine the effectiveness of the interventiomdents’ persistence (i.e., percentage of videatest
watched) and achievement (i.e., percentage ofrassigts completed with a passing grade) were

measured. No differences were found between tle@sadrs who had and had not been presented the



study tips in the survey. The authors provided sd\explanations for the lack of significant
differences, including that the intervention mayédnaeen too small and insufficiently integratedwit
the rest of the course.

Yeomans and Reich (2017) also implemented an iatdion in a pre-course survey. They
measured the effects of the intervention on cocosepletion, in line with Kizilcec et al. (2016), as
well as on course verification (i.e., buying theise certificate). The intervention of Yeomans and
Reich (2017) was more strongly related to the aaositent and required more input from learners. In
the voluntary pre-course survey, learners wereagatyglassigned to a control condition or a planning
condition. In the planning condition, learners was&ed to describe any specific plans they had for
learning the course content and completing quianelsassignments. The implemented planning
prompts increased completion and verification rafée results thereby showed that SRL
interventions in MOOCs can be effective; achievetmers improved by linking the intervention to
the course content and prompting learners to eniga§BL.

Davis, Triglianos, Hauff, and Houben (2018) madeaen stronger connection between the
course content and the intervention, by integrattigintervention in the course environment instead
of integrating the intervention in a pre-courseveyr The intervention was presented to all learners
The effects of the intervention were studied by panng the learners who complied with the
intervention with the learners who did not intenaith the intervention (self-selected control grpup
The intervention consisted of asking learners fmess their motivation to follow the course. This
motivation expression was presented back to lesnubile learners studied the course content. The
intervention furthermore entailed asking learnermtlicate how many videos they would watch, how
many quizzes they would make, and how much time ititended to spend in the course in the
upcoming week. Progression towards these selfesd$ gvas visually depicted in the course
environment. Those who complied with the intervamfji.e., submitted at least one weekly motivation
expression and one weekly plan) engaged in thesedora much greater extent (e.g., time spend,
videos watched, quizzes made), than those whoatidomply. However, causality could not be
established as all learners were presented witmteerention. Those learners who complied with the

intervention may have differed from the learnerthim self-selected control group before the



intervention; for example, those who were morevadti the course may have self-selected to also
engage with the intervention.

From these studies measuring and improving ledr8&%k in MOOCs, we identify several
implications. First, research on SRL interventionMOOCs is sparse and more research is needed to
learn how SRL can be supported in these learningarmments. Second, having learners comply with
the intervention is challenging, which is a commpooblem in SRL support research (Clarebout &
Elen, 2006; Clarebout, Horz, Schnotz, & Elen, 20I®refore, an intervention that is embedded in
the course, that stimulates learners to think abodtimprove their SRL, is likely to be most effeet
Third, while researchers are trying to identifytareces of SRL in trace data, effects of SRL
interventions have been measured in terms of simeaction frequencies, course completion, and
verification. We consider it worthwhile to combitieese strands of research into SRL in the context o
MOOCs. We thus propose measurement of the efféets SRL intervention on SRL indicators
obtained from trace data, in addition to measuttiregeffects of an SRL intervention on SRL with a
questionnaire. Not only would such a study leagraater insight into the effects of SRL
interventions, but it would also shed light omtby SRL interventions improve course completion.
Therefore, we propose a study in which the effettan SRL intervention are measured on course
completionandon SRL activity, with the latter measured withtbatquestionnaire as well as with

trace data.

1.4 Current study

In the current paper, we present the results aptidations of an SRL intervention study.
Learners in three MOOCs were randomly divided @veontrol and an intervention condition. The
intervention focused on all three phases of Zimnaersimodel of SRL, to improve the effectiveness
of the intervention and to help learners understhadelations between the different phases (Sehmit
& Wiese, 2006). We measured the effects of thevetgion both on learners’ SRL as well as on their
course completion. Following suggestions for SRieegch, we pay special attention to the coupling
between SRL theory, the intervention and the SRasuees (Kizilcec et al., 2017; Pérez-Alvarez,

Maldonado-Mahauad, & Pérez-Sanagustin, 2018).



The following research questions were formulated:
1. Does an SRL intervention in a MOOC affect learn&RL as (a) measured with a self-
report SRL questionnaire, and (b) measured with Bidicators in trace data?

2. Does an SRL intervention in a MOOC affect learneogirse completion?

2. Method

2.1 Participants

Data were gathered in three MOOCs. The MOOCs vibed Child Development, Clinical
Epidemiology, and Human Rights. In each MOOC, pgudints were randomly divided over two
versions of the course: an experimental versionaacahtrol version. In total, 2,426 learners eIl
in one of the three MOOCs. However, there is adalifference in the number of learners who enroll
in a MOOC and the number of learners who actuallyih to the course at least once and engage in
any activity (Davis et al., 2018; DeBoer, Ho, Sty&Breslow, 2014; Jordan, 2014). In our sample,
955 out of the 2,426 enrolled learners (39%) newglaged in any behavior within the MOOCs. These
learners were excluded from further analyses. &illigion of the learners included in the analyses
over conditions and MOOC:s is presented in TabkslCoursera stopped the collection of
demographic information with a voluntary surveyMarch 2015 and no longer allows collection of
such data, demographic information is availableofdy 80 learners who enrolled in one of the

MOOCs (44 of which were active learners). We tteneetio not report learners’ demographics.

Table 1.

Distribution of learners over conditions and ove©KdCs.

Child Development Clinical Human Rights
Epidemiology
Enrollments Control 721 148 337
(n=2,426) Intervention 723 160 337
Active learners Control 438 98 175
(n=1,471) Intervention 469 114 177

2.2 Context
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The experiment was conducted in three MOOCs offbyea Dutch university on Coursera.
Although each MOOC covered a different domain @&tiences, law, medicine), the instructional
design of the MOOCs was similar. In each MOOC, enttvas split into different course modules,
each of which had a specific topic. All MOOCs hae fmodules containing the main content, and one
final module containing a final exam. The MOOC dimical Epidemiology also had a separate
introductory module at the start of the MOOC (tatbseven modules). For the other two MOOCs, the
first content module started with a course intrditunc(total of six modules). The content modules in
all MOOCs contained a mixture of videos and reagli@purse materials were alternated with quiz
questions in all three MOOCs, and all content mesl@inded with a quiz on the content of the whole
module. A distinction was made between graded @siznd practice quizzes. Graded quizzes counted
towards the course grade and were mandatory fdests who wanted to obtain the course certificate.
Practice quizzes were highly similar to graded gggz as they had a threshold to pass and a deadline
but they were voluntary and did not count towardsaaner’s course grade. The MOOCSs on Clinical
Epidemiology and Human Rights both had only onetpra quiz, all other quizzes included in the
MOOCs were graded. The MOOC on Child Developmeit imtluded practice quizzes: both the
short quizzes in between videos as well as thetaggizzes at the end of modules were not graded.
All MOOC:s also contained several peer-graded as®gis which counted towards the course grade.
In the MOOC on Child Development these peer-grasignments were the only graded
components. Both graded quizzes as well as pededrassignments were assigned a weight by the
course designer. The total weight of graded itelmways sums to 100%. Learners’ course completion
was calculated by summing the weight of the gratdeds (i.e., quizzes and assignments) they had
passed.

The MOOCs had a fixed start data before which kx@rhad to register. When registering for
the MOOC, learners could access all materialsefitst module. When the MOOC started, all other
materials (module 2-6 or 2-7) became availablédamers. Learners could then view all videos,
access all readings, and work on quizzes and psessed assignments. The suggested pace of the
MOOCs was one module per week. This pace was esdfas learners as the quizzes and assignments

all had deadlines. The deadline for the quizzeaddule 1 was one week after the start of the MOOC;



11

the deadline for quizzes and assignments in malulas two weeks after the start of the MOOC, and
so on. Quizzes and assignments could howevebstidompleted after their deadline had passed; their
final (and real) deadline was the course end whiah six or seven weeks after the course start. The
deadlines thus solely functioned to help learnegsilate their learning. Videos and readings were
accessible all throughout the duration of the cauidter the final deadline - six weeks after thagts
of the MOOCs with six modules and seven weeks #ieestart of the MOOC with seven modules -
the courses closed.

All throughout the course, learners could accefsgrimation about the course goals and
structure through the Course Info page. Informatinigraded assignments (due date, weight, passing

status yes/no, and grade) was always availableghrthe Grades page.

2.3 Intervention

learners were randomly divided over the control exjgerimental versions of the courses
upon enroliment. The educational materials in ettsions of the courses were identical. The
intervention materials added to the experimentediva of the course were the only difference
between the two versions.

To support learners in all three phases of Zimmaiswimodel of SRL, the intervention
consisted of three parts: part one on the forethopigase, part two on the performance phase, and
part three on the appraisal phase (Becker, 2018eBdacher & Perels, 2016; Zimmerman, 2002). By
supporting learners’ SRL in all three phases, k@ not only learned about SRL and SRL activities,
but also about the interconnections between phl{&s#snitz & Wiese, 2006). The phases were
presented to learners as theeparation phase’the'action phase’ and théreflection phaseto ease
understanding. Each part of the intervention céedisf (i) a short video (3-4 minutes) with
information on the three-phase model of SRL an@és#¢\suggestions on how to improve SRL in the
phase the video focused on. The presenter in tfeosiwas a peer model who introduced himself at
the start as a student who had previously takendbhese. A peer model was chosen to increase the
similarity between learners and the presentertautprove learners’ belief in the usefulness and

attainability of the suggestions (Bandura, 1994s&io et al., 2010; Wischgoll, 2016). As there were
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likely large differences with respect to learnexisility to regulate their learning, three or fouffetent
suggestions were given in each video. Thereby teengted to appeal to the large diversity of leaner
(Masui & De Corte, 2005). After the video, (ii) kears were asked to rate the usefulness of each of
the suggestions given on a 5-point Likert scaléwhe endpoints labeled ‘not useful’ (= 1) and ywer
useful’ (= 5). These questions served a dual papeisst, they required students to evaluate the
advice and thus to reflect on it. Second, the dgoresiserved to determine if the intervention resesha
with learners’ needs. After the closed-questioaatriers were (iii) presented an open-ended question
asking them to indicate how they could improvertherning in the SRL phase. This open question
was a prompt for learners to apply the advice éir thwn learning process.

In the first video, three suggestions were givemaw to improve one’s learning in the
preparation phase (SRL activity indicatedtalics): (a) check the course content on the Course Info
page to help you with goal settifgpal setting) (b) set time for learnin{planning/time
managementand (c) make your planning specific and concfjetenning) The advice for the action
phase was structured into two steps. Step oneddous monitoring and provided learners with two
suggestions to monitor their learning: (a) notarglor (b) taking quizze@nonitoring) Step two
focused on actions to take when a gap in knowlésldetected: (a) increase focus by taking a short
break or by taking notepersistencedr (b) seek help on for instance the course fofluefp seeking).
The third video focused on the reflection phaseeg&lsuggestions were given: (a) think about what
you learnedreflection) think about how you learnddtrategy regulation)and think about what you
will do the next time you learfplanning)

To help learners understand the relation betweethttee videos, the SRL model was
presented at the start and at the end of each .videopresenter explained the relationship between
the three phases and indicated the phase the tuiden focused on. The presenter furthermore
referred to the other videos (e.tyn the next video | will be giving you some tipsdatricks on the
reflection phase, the last phase you encountemdugarning”). The SRL model and the SRL
suggestions were depicted when they were mentidherkby presenting the information in two

modalities to help learners comprehend the mat@raad & Sweller, 2014). As with all videos in
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Coursera, transcripts of the videos were providdddrners. Screenshots of the SRL videos are
presented in Figures 1 and 2.

All intervention materials were embedded into tbarse structure to make sure learners
automatically came across the videos and questisriearners are unlikely to actively look for help
(Clarebout & Elen, 2006; Clarebout et al., 2010yi®aChen, Van der Zee, Hauff, & Houben, 2016).
The video and questions on the preparation phaese adeled to the first content module (module 1 for
the MOOCs on Human Rights and Child Developmerd,randule 2 for the MOOC on Clinical
Epidemiology). The intervention on the action phass added to the second content module, and the
intervention on the reflection phase was addetedtird content module. The intervention materials
were included after the final content material$hef module, but before the final quiz of the module

The scripts of the intervention videos and the joes presented to learners are available as

online supplementary material.

2.4 Measures

2.4.1 SRL questionnaireLearners’ SRL was measured with the Self-regul@elihe
Learning Questionnaire — Revised (SOL-Q-R; Anonys)@018) at the start and at the end of each
course. Learners were invited to fill out the qimstaire as a voluntary activity within the leamin
environment. The questionnaire consisted of 42gtdivided over 7 scales: metacognitive activities
before learning (7 items, = .87), metacognitive activities during learniffgitems,a = .80),
metacognitive activities after learning (6 items; .85), time management (5 itemss .69),
environmental structuring (4 items= .81), persistence (7 items= .86), and help seeking (6 items,
a =.92). Atotal of 193 learners filled out the SQER, 96 learners in the control condition and 97
learners in the intervention condition.

2.4.2 Course intentionLearners were asked to indicate their course imaem the pre-
course questionnaire, which furthermore contaihed3OL-Q-R. Course intention was measured with
a single item: “In this course | intend to ..."”. TAeswering options ranged from ‘browse’ (= 1) to
‘participate in 100% of the learning activities astdve for a certificate’ (= 8; Henderikx, Kreijn&

Kalz, 2017).
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2.4.3 Course evaluationThe post-course guestionnaire contained severatiqne
measuring learners’ course experience in addiddhé SOL-Q-R. Learners were asked to grade the
course on a scale of 1-10, to rate the course wadkhnd course difficulty on a scale on a 5-point
scale ranging from ‘too light’ (= 1) to ‘too heav{# 5), and to indicate if the number of hours $pen
on the course was according to their expectatiogarners in the intervention condition were then
asked for their opinion, both positive and negatofdhe SRL videos. The final open-ended questions
in the course evaluation, posed to both groupse wat they liked most about the course and what
they liked least about the course. Since only 2inkers filled out the course evaluation, these data
were not used for further analyses.

2.4.4 SRL indicators in trace dataAll learners’ activities in Coursera were storedtioa
platform’s server. Activities stored include, bu¢ @ot limited to, video interaction events (play,
pause, stop, seek), quiz interaction events (open submit answers), marking readings as
completed, submitting assignments and assessimg, pesting and posting on the forum, and
navigating between pages. Video interactions wened every five seconds. This type of trace data i
known asheartbeat dataFurthermore, progress records showed learners2s®n quizzes and
assignments, and the course materials they hadletedpBy keeping track of all these activitiestwit
a timestamp, the trace data formed a trace ofrad€a path through the course.

By extracting variables from the trace data relateSRL, the influence of the intervention on
learners’ SRL was assessed. Below, the list obsses extracted in the current study is preseihted.
total, 12 variables were extracted from the traata.dFor each variable, the aspect of SRL meassired
indicated, as well as how the intervention may hafleenced the variable measured.

2.4.4.1 Accessing overall courseinformation. The Course Info page provided learners with
general information on the course: the topics efrttodules, a list of materials per module, andta li
of graded elements per module. The Course Info pateermore provided learners with an
indication of the time required per module, theelesf the course and more information on the
requirements to pass the course. This informaaaiuable for learners as it helps them with goal
setting and planning. Cicchinelli et al. (2018)riduhe frequency of accessing course information

(both general info and detailed week by week itdd)e significantly correlated to quiz scores(
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.69) and final exam scores= .60). In the video with suggestions for the pirggion phase, learners
were specifically instructed to visit the Courstolpage to help them set goals. Thanber of visits
to the Course Info pageas therefore included as a variable indicatingl getting and planning,
which are metacognitive activities before learning.

2.4.4.2 Accessing weekly course information. The weekly course information provided
learners with a more detailed overview of the mateper week. In addition to a listing of the
materials, quizzes, and assignments (which waspa¢ésented on the Course Home and the Course
Info pages), an indication of the time necessagotaplete each element was given. Accessing this
information is related to achievement, as explaesolve (Cicchinelli et al., 2018). Information dret
time needed to complete materials is necessanake @ specific, realistic and time-bound planning.
Creating such a planning is known to be relatezbto'se completion and course verification
(Yeomans & Reich, 2017). Theimber of times a learner accessed a weekly owepagewas thus
included to indicate goal setting and planninghbaetacognitive activities before learning.

2.4.4.3 Pausing videos. By pausing the video, learners could control thegpin which
information was presented to them (i.e., self-pagrinciple; Van Merriénboer & Kester, 2014), and
they could segment the video into meaningful ufiés, segmenting principle; Mayer & Chandler,
2001; Mayer & Moreno, 2003; Van Merriénboer & Kes#014). As learners’ working memory is
limited, and overloading working memory hampersnéay, segmenting and self-pacing may serve an
important function in reducing learners’ cognitlead. In addition, self-pacing and segmenting
facilitate elaboration and deep processing. Learass for example likely to take notes when they
pause a video for a short amount of time. Forrgson, pausing is considered a monitoring activity
and beneficial for learning. In the action phasiew pausing videos and monitoring one’s
comprehension by taking notes were therefore reamded. Thenumber of times a learner paused a
videowas included to indicate monitoring which is a aseignitive activity during learning. To
control for differences between learners in the amof time spent watching videos, the number of
pauses was calculated as the average number afppeisminute.

2.4.4.4 Handling failed quizzes. For each quiz, a predefined percentage of questiad to be

answered correctly to pass the quiz. Howevernigidi quiz did not mean that the learner could not
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continue in the MOOC. Practice quizzes were volynaad thus did not influence the learner’s score.
Graded quizzes influenced learners’ performanceldauners could pass the course if enough other
guizzes and assignments were passed. Neverthiglidiag, a quiz did indicate that the learner did no
sufficiently comprehend the material, as was exgldiin the action phase video. If learners restudie
the material tested in the quiz, they acknowledbedyap in their knowledge. Learners were then
likely to focus on those parts of the learning matehat they had not understood correctly (Dirkx,
Thoma, Kester, & Kirschner, 2015). Thercentage of instances learners, after a faileid ¢either
practice or graded), moved back to materials prasig in the module, instead of continuing the
course,was therefore considered an outcome of monitoanmgetacognitive activity during learning.

2.4.4.5 Accessing the course forum. The course forum provided learners an easy option t
find help when they had trouble understanding these materials or understanding the right quiz
answers. Browsing and/or posting on the forum \Wwassfore suggested as a help seeking strategy in
the action phase video, especially consideringahagssing the course forum is related to course
completion (Kizilcec, Piech, & Schneider, 2013)eTfumber of times a learner accessed the forum
was analyzed to indicate help seeking, a varidddewas independent of whether they browsed or
posted as both activities are suitable for helfisge

2.4.4.6 Accessing grade information. The course grade page provided learners with an
overview of the graded quizzes and assignmentwilcaurse, the learner’s grades and the learner’s
overall course progress. Metacognitive reflectiorolves reflecting on one’s progress, and deciding
on what still needs to be done in order to achaness goal (Winne & Hadwin, 1998; Zimmerman,
2002). Information on the goals to be attainedthedcurrent progress, as presented on the course
grade page, could therefore be considered criticakflection (Min & Jingyan, 2017). In the
reflection phase video, learners were stimulataditik about what they learned and how they would
continue the next time they worked on the couréerdfore theaumber of views of the course grade
informationwas analyzed as indicating metacognitive activitgrdearning.

2.4.4.7 Completing course materials on time. The three MOOCs were designed for a pace of
one module per week. Learners were thereby stiediiat engage in regular study behavior. Regular

studying (i.e., staying on track) was found to bsifively associated with course grade in previous
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online education studies (Cicchinelli et al., 20G&da et al., 2015; You, 2016). In order to engage
regular studying, learners must be able to adelyuaenage their time. The intervention was aimed at
helping students plan, monitor, and reflect onrtlegrning, thereby also supporting their time
management. Thatio of materials (i.e., videos and readings) @beted on time (in or before the
week they were dug)as included in the analyses as an indicatoravhlers’ time management. To
control for differences between learners in coarmapletion, the ratio of materials completed oretim
was calculated by dividing the number of materilaig were completed on time, by the total number
of materials completed.

2.4.4.8 Passing quizzes and assignments on time. In each module, the videos and readings
were combined with quizzes and assignments. Inrdaodengage in regular studying, both types of
learning activities should be completed on timee Videos and readings however differed from the
readings and assignments in two ways. First, qaianel assignments had deadlines, while materials
did not. Second, one could decide to attend theseawithout passing the quizzes and assignments.
Furthermore, assignments and quizzes also diffeoed each other. Practice and graded quizzes were
scored automatically and had to be passed. Assigtsiria contrast, were peer-assessed and had to be
handed in on time. Handing in assignments lateleded to lower course achievement (You, 2016).
Due to the differences between quizzes and assigismee calculated variables for these two course
components separately. Traio of practice and graded quizzes passed on (imer before the week
they were duegndthe ratio of assignments handed in on time (ibefore the week they were due)
were included in the analyses as additional indisadf learners’ time management. To control for
differences between learners in course completi@nratio of quizzes passed on time was calculated
by dividing the number of quizzes that were passetime, by the total number of quizzes passed.
For the same reason, the ratio of assignments Hanam time was calculated by dividing the number
of assignments handed in on time, by the total rerrobassignments handed in.

2.4.4.9 Persistence. For successful learning, learners should focuis #tteention, and persist
when they are struggling (Zimmerman, 2002). Inabgon phase video, learners were presented with
strategies on how to keep focused (e.g., find hake notes). If the intervention helped learners t

regulate their effort, learners would be expectedamplete a higher percentage of the videos and
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practice and graded quizzes they started. We didxpect them tpassthe quizzes they started, but
they shouldinishthem. Therefore, theatio of video persistencandthe ratio of quiz persistenceere
included in the analyses to measure learners’giersie. To control for differences between learners
in course completion, the ratio of video persiséewas calculated by dividing the number of unique
videos completed, by the number of unique videaest. For the same reason, the ratio of quiz
persistence was calculated by dividing the numbenimue quizzes finished, by the number of
unique quizzes started.

If the intervention supported learners’ persistetiven we would also expect learners to
persist further in the course and thus to com@egesater number of videos and readings.rékie of
videos and readings completisdtherefore incorporated in the analyses as equessistence, an
additional measure of learners’ persistence. Tarobfor differences in the number of materials
between the three MOOC:s, the ratio of course gersie was calculated by dividing the number of
unique videos and readings completed by the nuofbddeos and readings in the MOOC.

2.4.5 Course completionProblems with SRL are known to result in learnesattaining
their intended goals (Kizilcec & Halawa, 2015; ZgeRosson, Shih, & Carroll, 2015). If the
intervention successfully supported learners’ SRare learners should have been able to attain their
goal. Overall course completion should then bedndbr learners in the intervention condition
compared to overall course completion for learirethe control condition. Course completion was
defined identically to the definition of course sess in the MOOCSs. Each graded course item (i.e.,
graded quizzes and peer-assignments) had a weaigjighad by the course designers. The sum of the
weight of all graded items in a MOOC is always 10@aéurse completion was calculated by adding
the weight of all passed assignments and gradedegiiFor instance, if a learner passed 3 quiailes,
with 8% weight, 2 peer-assessed assignments bthhl@6 weight, and the final exam with 30%

weight, then the learner completed 74% of the @ (8%3 + 2*10 + 30).

2.5 Analyses
In the performed analyses, we did not differeatlz@tween learners in different MOOCs, as

we were not interested in differences between esuta all analyses, we only included data from
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learners who engaged $omeactivity in the course. Therefore in the first stalplearners who did

not engage in any activity in the course werergitefrom the data. These learners did not start
watching a video, did not start a quiz, did notropaeading, nor did they look at the course
information. In the second step, learners in therugntion and control conditions were compared on
their SRL as reported with the SOL-Q-R at the sththe courses. No differences between the control
and intervention group were found on any of theesescales included in in the questionnaire. In the
third step, the trace data variables describeldarptevious section were calculated. The scripd tse
calculate the variables from the Coursera traca idadvailable as supplementary material (online
only). While the script contains all informationaassary to replicate calculation of the trace data
variables, we would like to mention several detaflthe calculations here, as they are importanafo
correct interpretation of the results presented.

When counting the number of visits to the couosarh, only visits to the content pages of the
forum were included. We excluded visits to thertidice yourself’ page of the forum and to pages
discussing ‘technical difficulties’. As introducinygurself and posing technical problems with the
MOOC itself do not constitute seeking help with guahending the content of the MOOC. Videos
were counted as completed by the learner if theégavatched at least 80% of the video. Learners’
video watching behavior was calculated with lleartbeat dataA so-callecheartbeatwvas stored for
every five seconds a learner watches or pausescifispvideo. The heartbeat data thereby allows for
accurate calculation of amount of time spent waighideos and the number of videos completed
(defined as 80% in the current study). Intervention videoseweot included in the number of videos
started or completed, nor were they included inote number of videos in the MOOC, nor in the
amount of time spent watching videos, as the inafusf the intervention videos would lead to
differences in the total amount of videos availdi#eéveen the intervention and the control condjtion
and potentially also to differences in the totabamt of videos started, videos completed, and time
spent watching videos.

In the fourth step, the extent to which learnarthe intervention conditiocompliedto the
intervention (i.e., if they watched the interventiddeos) was calculated. The amount of time spent

watching the intervention videos was calculatediing the heartbeat data, as explained above.
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Intervention compliance was very low. Therefore,amasidered all learners who watched at least one
of the intervention videos for more than 50% ‘intartion compliers’tf = 76). We thus did not
differentiate between watching one, two, or thregerivention videos. As all intervention videos
contained information about the three phase mad8&Rb (preparation, action, reflection) at the star
and the end of the video, all learners watching 8®%ne of the videos would have, at least, been
introduced to this model. Furthermore, after watghine of the videos for 50% the learner would

also have, at least, been given several study stiggs for the SRL phase the video focused on. In
Table 2, an overview is given of the statisticsaaning intervention compliance. The low

intervention compliance is further analyzed witiplexative analyses in the Results section.

Table 2.

Frequency distribution of the number of interventioadeos watched by learners in the intervention

condition.
Number of intervention videos watched for 50% oreno 0 1 2 3
n 684 41 20 15

Subsequentlyt;tests were conducted for two types of comparisonsst whether the SRL
intervention affected learners’ SRL as measuret @RL indicators in the trace data. In the fiftbpst
the trace data variables were compared betwedntdrgention and control group. This first group of
comparisons is calleidtention to treat (ITTanalyses, as they also include learners in theveréion
condition that did not adhere to the interventibanib, Smilack, Ho, & Reich, 2015). Bootstrapping
was used to conduct the independent santflests, as the data were highly zero-inflated aedaby
strongly deviated from a normal distribution (Fiek@18). In the sixth stepreatment on treated
(TOT)analyses were conducted (Lamb et al., 2015). Fesdtond group of comparisons only
learners who complied with the intervention wergduded from the intervention condition. The trace
data variables were compared between these compligrall learners in the control condition. It was
not tested whether the SRL intervention affectedrers’ SRL as measured with the SOL-Q-R since

only 21 learners filled out the post-course questiire.
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To answer the second research question, the $esteqt entailed analysis of learners’ course
completion. Course completion was compared botvdxat the control and the intervention group
(ITT analysis) as well as between the control grang those who complied with the intervention

(TOT analysis). In both cases, independent santjiets with bootstrapping were conducted.

3. Results
3.1 RQ 1: Does the SRL intervention affect learnetSRL?

We attempted to measure the effect of the SRLvatgion both on learners’ self-reported
SRL as measured with a questionnaire, as well &Rinindicators in the trace data. As the post-
course SRL questionnaire was filled out by onljfezrners, we did not have sufficient data to
compare pre- and post-course scores, and we dartioer report on these results.

To determine whether the SRL intervention affed¢éedners’ SRL as measured with SRL
indicators in the trace data, the trace data viesatbescribed in the Method section were calculated
Whether learners moved back to material previouserMOOC after failing a quiz, was described as
an indicator of monitoring behavior. However, fagliquizzes occurred very infrequently. In the
control group, 32 learners had failed a quiz andhéintervention group 25 learners had failedia.qu
Therefore, the variable ‘handling failed quizzesuld be calculated only for a small group of leasne
This sample size was too small to conduct bootgingpanalyses. The variable ‘handling failed
quizzes’ was therefore not incorporated in the s conducted.

Figures 3A-3K present graphical overviews of thé. $Rlicators in the trace data for the
control group, the intervention group, and the cliamp group (a subset of the intervention group).
Since the groups are highly dissimilar in size kexis does not represent the number of learbeits,
the distribution quantile. The graphs show thagdanumbers of learners engage in the MOOC only
minimally. The graphs also indicate that those wbimply with the intervention self-regulate their
learning to a greater extent than the interveraiot control groups. The descriptives of the SRL
indicators for the three groups can be found inAppendix.

ITT analyses were performed comparing the SRL atdis between learners in the

intervention and control conditions as describeth@éAnalyses. The results of the ITT analyses are
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presented in columns 2-7 in Table 3. Columns 8fIBable 3 contain the results of the TOT analyses
that were performed to compare the SRL indicateta/&en learners in the control group and the
intervention compliers. No significant differenagere found for the SRL indicators in the trace data
between the learners in the intervention and timrebconditions (ITT analyses). However,

significant differences in the SRL indicators ie tihace data were found when comparing the learners
in the control condition to only those learnershia intervention condition that complied with the
intervention (TOT analysis). Learners who complieth the intervention visited the course info page
(metacognition before learning), the weekly counée pages (metacognition before learning), and the
forum (help seeking) more often than learners éndbntrol condition. Learners who complied with

the intervention also completed a greater proporicthe videos and quizzes they started
(persistence). Furthermore, compliers completectatgr proportion of the videos in their course
(persistence). These results all point to highegdencies of SRL activities for learners who coetli

with the intervention.
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Results of the ITT and TOT analyses of the SRtatulis in the trace data and learners’ course catiph data.
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Comparison control - interventi@hr T)

Comparison control — comp({fOT)

Mean df Hedges' 95% CI Mean df t p Hedges' 95% ClI

diff. diff. g
Course info (c) 0.07 1469 0.97 .36 0.05 [-0.08;p.22 -1.30* 78 -3.60 .01 -0.80 [-2.03;-0.66]
Weekly course info (¢) -1.19 1435 -1.04 .30 -0.05 -3.45;0.98] -37.61** 77 -6.01 <.01 -1.51 [-50.32,28]
Pauses/min video (r) -0.02 720 -0.21 .86 -0.02  1pM.16] 0.01 426 0.05 .96 0.01 [-0.26;0.22]
Forum (c) -0.14 1310 -1.49 14 -0.07 [-0.31;0.03] 2.21* 76 -4.05 .01 -1.14 [-3.40;-1.22]
Grade info (c) -0.36 1131 -2.04 .07 -0.10 [-0.7D3) -4.29 76 -3.21 .05 -1.04 [-7.29;-2.01]
Materials on time (r) -0.02 1211 -1.52 14 -0.09 0.05;0.01] 0.04 681 1.33 14 0.16 [-0.02;0.10]
Quizzes on time (r) -0.02 262 -0.41 .69 -0.07 [300108] -0.05 111 -0.83 42 -0.14 [-0.18;0.07]
Assign. on time (r) -0.07 187 -1.09 27 -0.16 [D@06] -0.13 104 -1.78 .08 -0.30 [-0.29;0.02]
Video persistence (r) -0.02 720 -0.70 .50 -0.07  .0p(D.04] -0.20** 146 -4.67 <.01 -0.47 [-0.28;-0]12
Quiz persistence (r) -0.00 1075 -0.20 .86 0.00 OpM.04] -0.40** 89 -7.78 <.01 -1.09 [-0.50;-0.30]
Course persistence (r)  0.00 1469 0.32 a7 0.05 03:0.02] -0.38** 80 -9.26 <.01 -1.80 [-0.46;-0.30]
Course completion -0.02* 1416 -2.13 .04 -0.15 [0,00.002] -0.37** 77 -7.40 <.01 -1.18 [-0.47;-0]27

Note.Variables marked with ‘c’ concern counts of actest variables marked with ‘r’ concern ratios. Biapping analyses conducted with 1000 samples.

*p<.05 *p<.01
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3.2 RQ 2: Does the SRL intervention affect learner€ourse completion?

Course completion was calculated by summing thghteif all graded quizzes and
assignments passed by the learner, as descrilbee IMethod section. Thus, learners could pass
between 0 and 100% of graded course items. Leamisse completion in the control and
intervention conditions, as well as the course detign of the intervention compliers, is visualized
Figure 3L. To determine whether the SRL intervantdfected learners’ course completion, course
completion was compared both between the contbtlaa intervention group (ITT analysis), as well
as between the control group and those who compligdthe intervention (TOT analysis). The
results of these analyses are presented in TaBletB.analyses indicate that the intervention

significantly improved learners’ course completion.

3.3 Low intervention compliance

Intervention compliance was low: only 10% of tharteers in the intervention condition who
engaged in any behavior in the course watched onere of the intervention videos for at least 50%.
To better understand the low intervention complamnee performed five additional, exploratory
analyses. Only learners in the intervention coaditvho engaged in some behavior in the course are
included in the exploratory analyses, and we comfga learners who complied with the intervention
(compliers)with the learners who did not comply with the intamtion fion-compliers)

First, learners’ self-reported SRL at the starthef course was compared between the
compliers and non-compliers to determine if differes in SRL already existed before the start of the
course. The SRL scores did not differ significatigtween the compliers and the non-compliers on
any of the seven scales included in the SOL-Q-R.thus unlikely that non-compliance with the
intervention was the result of pre-existing diffezes in SRL.

Second, learners’ course intentions were compagbaden the compliers and non-compliers
to determine if differences in intentions existéthe start of the course. Course intention waatgre
for learners who complied with the interventionrttiar learners who did not comply with the
intervention (Mompiy= 7.35; Mion-comply= 6.50;t(df) = -3.37(116)p < .01). Learners course intentions

might therefore explain why some learners in thierirention condition complied with the
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intervention while others did not. To test whetbeurse intentions influenced our results, we
conducted the TOT analyses for the SRL indicatodsaurse completion for a second time, only this
time with groups matched on course intention. leongliers, the minimum reported course intention
was 4 participate in 40% of the courke~or the matched group analyses, all intervercmmpliers

who filled out the questionnaira € 37) were compared with those in the control gretip reported
course intentior 4 (0 = 133). The differences between the control grangh intervention compliers
remained significant for the following SRL indicegovisiting the course info (metacognition before
learning;t(df) = -2.95(40)p = .01), visiting the weekly course info (metacdm before learning;

t(df) = -3.73(42) p < .01) and visiting the course forum (help seeki(df) = -2.63 (39)p = .49).
Furthermore, significant differences remained iiz gpersistencet(df) = -3.93(70)p < .01) and

course persistencgdf) = -5.39(168)p < .01). The only SRL indicator that no longer ei&d
significantly between the control group and the plens was video persistence (i.e., ratio of videos
started that are completetif) = -1.81(92)p = .07). Course completion also remained signitigan
greater for those who complied with the intervemtiloan for the learners in the control group, after
matching the groups on course intention. We theesfonclude that, while the intervention compliers
had greater course intentions than the learndteicontrol group and those who did not comply with
the intervention, the differences in course inamgido not explain the differences in SRL indicsitor
and course completion found with TOT analyses.

The third and fourth exploratory analyses bothraftied to determine if the advice that was
given in the intervention videos had been helpdulthe learners. The number of learners who started
watching the intervention videos was determined. lirge number of learners started the intervantio
videos, but stopped before watching 50%, this ceigdal that learners stopped watching the videos
because the videos in some way did not match tleeids. We also calculated the average usefulness
of the study suggestions in the videos as ratatidjearners. The results of both analyses indicate
that the intervention videos were useful for trermers. The great majority of learners who started
watching an intervention video also continued wiaigthe intervention video for 50% or more. The
average usefulness rating of the videos was 410&éopreparation phase, 4.11 for the action phase,

and 4.08 for the reflection phase on a scale of3. Tables 4 and 5 present an overview of these
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results. Thus, a lack of usefulness of the inteilgarvideos was not a likely explanation for non-
compliance either.
Table 4.

Number of learners who started and completed watrthe intervention videos.

n

Preparation phase Started watching (5 sec) 86
Completed videox{50%) 67

Action phase Started watching (5 sec) 47
Completed video{50%) 31

Reflection phase  Started watching (5 sec) 38
Completed video{50%) 28

Table 5.

Average usefulness rating of the study suggespieeented in the intervention videos.

Study suggestion Average (SD) usefulness ratin
(1 = not useful, 5 = very useful)

Preparation phase € 35) Check the course content 4.29 (0.93)

Set time for learning 3.94 (1.08)

Be concrete in your planning 4.03 (0.99)
Action phaser{= 20) Monitor your comprehension at regular times.1540.59)

Monitor your comprehension with an activity  4.1072)

Try to get your focus back 4.20 (0.70)

Look for help 4.00 (1.08)
Reflection phasen(= 16) Think about what you learned 4.06 (1.00)

Think about how you learned 4.00 (1.10)

Decide how you will continue 4.19 (1.05)

A final potential explanation for the low interven compliance is that learners never came
into contact with the intervention because theypgdea out of the course too early. We therefore
checked if the furthest video in the course watdbedninimally 80% by the non-complying learners
was before or after the intervention videos. Thseilte of this analysis are presented in Table @ Th
results indicate that only 29 of the 648 learnens @wid not comply with the intervention completed a
video further in the MOOC than the first intervemtivideo (preparation phase). A massive amount of
learners who did not comply with the interventiad dot complete a single viden € 494) or

dropped out before the first intervention vidas=(161). We therefore conclude that the main reason
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for non-compliance is that learners did not conte aontact with the intervention because they had

already dropped out of the course.

Table 6.
Location in the MOOC of the furthest video compulddg learners who did not comply with the

intervention.

Location furthest video n
No video completed 494
Furthest video < preparation video 161

Furthest video > preparation video but < actimeg 11
Furthest video > action video but < reflectionead 4
Furthest video > reflection video 14

4. Discussion

Learners in open online education need to selftatgheir learning in order to be successful
(Beishuizen & Steffens, 2011; Wang et al., 2013)wiver, learners often struggle to engage in
successful SRL (e.g., Azevedo & Cromley, 2004; 8&arner, 2011; Dunlosky & Lipko, 2007;
Peverly et al., 2003). To support learners’ SRben online education, we implemented an SRL
intervention in three MOOCs and tested the effetthe intervention on both learners’ SRL (RQ 1)
as well as on course completion (RQ 2). To anses&arch question 1, the effects of the SRL
intervention on learners’ SRL could only be invgated for the SRL indicators extracted from the
trace data, since the response rate for the SRétiqnaaire at the end of the MOOCs was too low to
be included in the analyses. When testing the &figicthe SRL intervention on learners’ SRL, no
differences were found between the control andrnteevention group (ITT analyses), leading to the
conclusion that the intervention did not resultiare SRL. However, only a small portion of the
learners’ in the intervention condition compliedwihe intervention to at least some extend (i.e.,
watched one of the intervention video50%). When comparing the SRL of learners in therod
group with learners who complied with the inteniemt(TOT analyses), significant differences were
found for a number of SRL indicators: interventammpliers engaged in more SRL. Specifically, they

engaged in more metacognitive activities beforenieg (visiting the course info and weekly course
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info), they engaged in more help seeking behawisiting the forum), and they showed greater
persistence (completed a greater proportion ofogdd quizzes started, and completed a greater
proportion of videos in the course) compared toneis in the control condition. To answer research
question 2, we tested the effects of the SRL ietetion on learners’ course completion. Learners in
the intervention condition completed a significarmgteater proportion of the graded items of the
MOOC than learners in the control condition (ITTabssis). The difference between the control and
the intervention condition was enlarged when coingahe control condition with the learners who

complied with the intervention (TOT analysis).

4.1 Theoretical implications

From the results, we conclude that even a smahipehtion, as implemented in the current
MOOC:s, positively affects learners course comptetithe value of the intervention is even greater if
the increased SRL of learners who complied withitkervention is due to the implemented SRL
intervention. However, since learners in the ind@tion group self-selected to comply with the SRL
intervention, we cannot establish if the SRL inggmon caused the differences in SRL between the
control group and the compliers. We conducted abmsrof analyses to determine whether the
differences found with the TOT analyses could h@ared by other factors (e.g., suitability of the
intervention). Among other explorative analyses tested two learner characteristics that potemgtiall
could have influenced the decision of learnersotmmy with the intervention: SRL and course
intentions. These learner characteristics howeigenat influence the results. There may be other
learner characteristics, not tested in the custrdy, that may influence learners’ decision to plym
with the intervention and their SRL activity. Thdaetors may, for instance, include learners’ self-
efficacy or learners prior experiences with onkuication as both are known to be related to course
completion (Greene, Oswald, & Pomerantz, 2015; Warad., 2013). But since these factors were not
measured in the current study, further researokésssary.

The finding that differences between the controugrand the compliers cannot be explained
by differences in learners’ self-reported SRL aurse intention, points us in the direction that the

differences between the compliers and the contmigin SRL were due to the intervention. Due to
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the low intervention compliance we were forcedlteady count a mere 50% of a single intervention
video watched as intervention compliance. Thistinadly small intervention improved learners’
course completion and likely also improved learngietacognitive activities before learning, their
help seeking and their persistence. Our resultthareby unlike the results of previous studies in
online and higher education in which a small SREenvention was implemented (Greene, Hutchison,
Costa, & Crompton, 2012; Hodges & Kim, 2010; Kieitcet al., 2016; Sitzmann, Bell, Kraiger, &
Kanar, 2009). In these studies, no differences éetvthe intervention and the control groups were
found on course completion, course achievementS&tid While several differences between the
current study and the previous studies can beifehta vital difference appears to be that these
previous intervention studies only prompted stuslémiengage in SRL activities: students were
stimulated to engage in SRL activities, but wereaxplained how or why they should do so. In
contrast, learners in the current study were massiiyucted about the three phase model of SRL and
the importance of SRL for successful learning irropnline education. Study suggestions were
provided to support the SRL instruction and to gittedents practical advice. Instructing students on
the importance of SRL and how to engage in sucgeS§L thus appears to be key when
implementing an SRL intervention in open onlineedion. The positive effects of SRL instruction in
open online education are in line with results fbwith (larger) interventions containing SRL
instruction in higher education. In these stud&RL instruction was found to have positive effemts
both learners’ achievement as well as on their &&lvity (e.g., Azevedo & Cromley, 2004; Bannert,
Hildebrand, & Mengelkamp, 2009; Bol, Campbell, Re& Yen, 2016; Lee, Shen, & Tsai, 2008;
Rosario et al., 2015). By testing the effects tdralative (small) interventions in MOOCSs in future
studies, it can be established if the incorporatib8 RL instruction indeed causes a small SRL
intervention to be effective. Future interventidndses would furthermore increase insight in other

factors important for the implementation of a sissfel SRL intervention.

4.2 Practical implications
The positive effect of the SRL intervention leaglshie practical implication that the

implementation of SRL instruction is beneficial fearners in open online education. Not only does
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an SRL intervention improve learners’ course comnmbe but it likely also supports learners’ SRL
activity during learning in the MOOC. However, aeirvention cannot be effective if learners do not
come into contact with the intervention. Therefahe, low intervention compliance remains
problematic. In previous studies, it was sugge#tatdintervention compliance could be improved by
(more) strongly integrating an SRL interventiorthie course (Clarebout & Elen, 2006; Clarebout et
al., 2010; Kizilcec et al., 2016). We thereforedoaktra attention to the way the intervention was
implemented in the current study: the interventi@s integrated in the course itself (not in a pre-
course survey), in multiple weeks at the starhefdourse, and between the videos and the quiz. Our
strong integration of the intervention in the MOO®@svever still led to low intervention compliance:
only 10% of learners in the intervention conditigatched at least 50% of one of the intervention
videos. Low intervention compliance thus appeatseta persistent problem in SRL intervention
research in open online education.

We conducted further analyses to determine whyvaetgion compliance was low. We found
that the low adherence was not due to the inteimeivieing irrelevant to learners; rather the opgosi
appears to be the case with usefulness ratindgsedfttdy suggestions ranging between 3.94 and 4.29
(scale of 1 to 5). A large number of learners Haebay dropped out of the course before they came
into contact with the intervention video. Of the20dearners who were assigned to the intervention
condition, 760 learners engaged in the coursenmesway. Of these 760 learners, only 266 completed
one or more videos and 76 complied with the intetie&. To increase intervention compliance, it
thus appears most important to implement an intgime earlier in the learning process. It may
therefore be interesting to consider the possytiftimplementing an intervention when learners
enroll for a MOOC. Learners may, for instance, lm/jaled with more information about the course
content and the time investment required when éxgyess the intention to enroll for the MOOC.
Prompting learners to reflect if this informatianim line with their own goals before finalizingeih
enrollment might be helpful. Such an interventiaghm lead to lower enrollment numbers, but to a
greater percentage of enrolled learners engagitteicourse and completing the course. Another
suggestion to increase intervention compliance wbelto require learners to engage with the

intervention (e.g., watch an intervention videofobe they can engage with the course materials Thi
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is however not in line with the open-ended natdr®l@OCs, and might result in resistance from

learners.

4.3 Limitations and directions for future research

In this study, we calculated intervention compliaias the proportion of learners who engaged
in the course in some manner and who watched sitde# intervention video for 50% or more (10%).
However, one could also calculate intervention dianpe as the proportion of learners who were
assigned to the intervention condition and who hedcat least one intervention video for 50% or
more (6.23%). Other alternatives would be to s#iffarent bar for what behavior is considered
‘compliant’ or to only include learners who haveebexposed to the intervention (Yeomans & Reich,
2017). These different calculations naturally leadifferent results. Decisions concerning which
learners to include and what activities to includat, only influence statistics concerning intervemt
compliance, but also the numbers of (SRL) actisitagaged in and the results of analyses. We have
been careful throughout the manuscript to repoiti{groups of) learners were considered and how
variables were exactly calculated, not only to mag@ication of the study possible, but also to
support accurate interpretation of the data. Tferént results of the ITT and TOT analyses for SRL
activity provide a principal example of the inflwengroup selection can have on results. In ITT
analyses, the random allocation of learners toitiond is preserved. ITT analyses can therefore be
used to establish causality of effects. In thiglgtuhe ITT analyses showed that the SRL intereenti
improved learners’ course completion, but did ritgc learners’ SRL. At the same time, low
intervention compliance makes it hard to find digant differences between conditions, as a large
number of learners in the intervention conditiomeveot compliant with the intervention. This
problem is remedied with TOT analyses in which dabrners who complied with the intervention
are included in the analyses. In this study, sigaift differences were found both for learners’rseu
completion as well as several aspects of SRL agtivith TOT analyses. However, as learners
decided themselves whether or not they complield thi¢ intervention, causality cannot be

established with TOT analyses. By combining ITT al analyses, and exploring factors that might



32

have influenced intervention compliance, we hatengpted to resolve the disadvantages of both
analyses as well as possible.

By analyzing the effect of the SRL interventionrast only course completion, but also on
SRL activity, we were able to determine which aspet SRL activity were likely influenced by the
intervention. The finding that SRL indicators diffed between compliers and the control group, after
controlling for course completion by calculatingiog, is unique in itself. Future research could
investigate the correctness of these indicatoesttay indeed a measure of the SRL activity forclwhi
we have considered them an indicator based onytlzemt empirical knowledge? Furthermore, since
we cannot establish if the differences in coursaepetion are caused by the better SRL of compliant
learners, this may be an interesting suggestiofuftiier research. It might for instance be worthevh

to determine which of the SRL indicators influentezsners’ course completion.

4.4 Conclusion

To conclude, the implemented SRL intervention reenlsuccessful in improving learners’
course completion and has likely also been suagessimproving learners’ SRL activity. SRL
activity was measured with variables calculatedftearners’ trace data and indicated differences
between the control group and the intervention diargpin metacognitive activities before learning,
help seeking, and persistence (both in terms ¢ftfing materials that are started and finishingemor
materials in the course as a whole). The resutteby provide evidence for the benefit of
implementing SRL support in MOOCs. More researth the effects of different SRL interventions,
and how to best implement SRL support to improveruention compliance, is necessary. The current

study provides a valuable base to build on.
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Appendix A — Descriptives of SRL indicators

Control Intervention Intervention comply

SRL activity Trace data variable n Mean Min Max SD n Mean Min Max SD n Mean Min Max SD
Meta before Course info (c) 711 051 O 14 1.39 760 044 O 19 531. 76 182 0 19 3.12
learning Weekly course info (¢) 711 6.20 O 265 19.46 760 97.30 289 24.34 76 4383 0 289 53.71
Meta during Pauses/min (r) 355 0.32 0.00 1200 1.14 367 0.3400 0. 16.00 126 73 031 000 7.09 0.92
learning Failed quiz back (r) 32 0.08 0.00 100 0.212 25 ».0D.O0O 0.21 0.06 13 0.00 0.00 0.00 0.00
Help seeking Forum (c) 711 032 O 18 1.34 760 0.48 28 207 76 253 0 28 4.73
Meta after Grade info (c) 711 034 O 34 216 760 070 O 71  24.376 463 O 71 11.61
learning
Time Materials on time (r) 608 090 000 1.00 025 652.920 0.00 1.00 0.22 75 0.86 0.00 1.00 0.22
management Quizzes on time (r) 125 065 000 1.00 043 139 80.60.00 1.00 042 53 0.71 0.00 1.00 0.37

Assign. on time (r) 83 059 000 100 0.45 106 0.66.00 1.00 043 45 0.72 0.00 1.00 0.37

Persistence Persistence video (r) 355 0.58 0.00 0 1.@.45 367 0.61 000 100 044 73 0.78 0.09 1.00300.
Persistence quiz (r) 519 020 000 100 036 558200.000 100 037 74 060 0.00 1.00 042

Persistence course (r) 711 0.08 000 100 019 760.07 000 100 020 76 046 0.00 1.00 0.35
Course 711 004 0.00 1.00 017 760 007 000 100 022 76042 000 100 0.43
completion

Note.Variables marked with ‘c’ concern counts of actest variables marked with ‘r' concern ratios.
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Figure 1. Screenshot of the SRL model presentation in the intervention video.
Figure 2. Screenshot of the study suggestions given in the intervention video.
Figure 3A-L. SRL activity ordered by distribution quantile. The x-axis represents 0-100% of learners

within the control/intervention/comply condition, ordered from the least activity to the most activity.

Control condition; Intervention condition; — — — Intervention compliers.
A. Number of visitsto the course info page (metacognition before learning).

B. Number of visits to the weekly course info pages (metacognition before learning).
C. Ratio of pauses per minute of video watched (metacognition during learning).
D. Number of visitsto the course forum (help seeking).

E. Number of visitsto the grade info page (metacognition after learning).

F. Ratio of materials completed on time (time management).

G. Ratio of quizzes passed on time (time management).

H. Ratio of peer-assignments handed in on time (time management).

I. Ratio of videos completed that were started (persistence).

J. Ratio of quizzes finished that were started (persistence).

K. Ratio of videos present in the course that were completed (persistence).

L. Course completion.
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Highlights

» Learners struggle to regulate their learning insnesopen online courses (MOOCs)
» A self-regulated learning (SRL) intervention waplemented in three MOOCs

» Learners’ SRL was measured with trace data vasable

* Intervention compliance was low due to learnerslyezourse dropout

* Learners’ SRL and course completion were improwethb SRL intervention
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