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Active learning with online video: The impact of lerning

context on engagement

Abstract

Learning with online video is pervasive in highdueation. Recent research has explored the impmertan
of student engagement when learning with videmiime and blended courses. However, little is known
about students’ goals and intents when engagingwideo. Furthermore, there is limited empirical
evidence on the impact of learning context on eagamnt with video, which limits our understanding of
how students learn from video. To address this wapdentify a set of engagement goals for learning
with video, and study associated student activitgelation to learning context (course week, exana,
rewatch). In Study 1, we conducted a survey (L16) that maps students’ video viewing activities

their engagement goals and intents. We identifiedriety of engagement goals, specificétigflect

Flag, RememberClarify, Skim Search Orient, andTake a breakin Study 2, we analyzed clickstream
data generated by 387 students enrolled in thr@ester-long courses. We examined the impact of
learning context on students’ engagement with videmultilevel model showed different patterns for
online and blended courses. Students in the onbinese showed much more strategic and adaptive use
of video. As the semester progressed, studenkeiorline courses performed fevireflectandSearch
During exam weeks and when rewatching videos, erdtndents performed maosearchwithin the

video. The only trend that was found for blendextriéng students was an increas&kimwith course
week. These findings have implications for videaypks that adapt to context, such as helping stsden
easily locate important in-video information duriting exam week or when rewatching previously

watched videos.



1. Introduction

Learning with online video in fully online or blead courses is increasingly popular in higher
education. For students, productive engagementimsthuctional video is instrumental to learning
outcomes and academic success (Hockings, Cookeastata, McGinty, & Bowl, 2008; Michael, 2006;
Soffer & Cohen, 2019). Recent studies measuredgemgant by analyzing students’ interaction with
video players (Blinded for review, 2015; van deaui§lVan der Zee, & Ginn, 2017; Vytasek, Patzak, &
Winne, 2020), showing that students use videoegiedlly, and often in nonlinear ways (Sauli, Cadia,
& van der Meij, 2018). Studies have further demiatstl that passive engagement with video is
insufficient for learning (Koedinger, Kim, Jia, Malughlin, & Bier, 2015). To learn, students need to
actively engage with the video content (Lai & Hwa8g16; van der Meij & Dunkel, 2020; Yousef,
Chatti, & Schroeder, 2014). Student engagemenbeamhanced by well-designed instructional support
(Dumford & Miller, 2018; Halverson & Graham, 2028ia & Wilson, 2018), resulting in calls for more
research into how to encourage students’ deep engag with video through the design of video conten
and video players (Guo, Kim, & Rubin, 2014; MitroyGordon, Piotrkowicz, & Dimitrova, 2019; Zhu,
Pei, & Shang, 2017).

One approach for promoting more meaningful engagémith videos is through the use of
hypervideo players (Dorn, Schroeder, & Stankiew®¥ 5; Blinded for review, 2018; Liu, Yang,
Williams, & Wang, 2019). Linear video provides stats with information in a fixed manner. That is,
there is a single video track that advances atealfspeed. In contrast, hypervideo allows students
navigate between linked videos in a nonlinear viEay-Colombo, Cattaneo, & Bétrancourt, 2020). That
is, hypervideo is essentially a collection of viddbat can be viewed dynamically and in various
arrangements. One way to enhance the viewing expeiof linear videos, without changing their
structure, is via hypervideo players. Hypervidemypts provide novel affordances, such as advanced

navigation controls, Al-based interactions, hypilig to supplementary materials, and collaborative



communication options (Cattaneo, van der Meij, &I52018; Cattaneo, van der Meij, Aprea, Sauli, &
Zahn, 2019; Evi-Colombo et al., 2020; Blinded feview, 2020).

Studies have looked into classroom-based use @friaigleo players (Blinded for review, 2018a;
Dorn et al., 2015; Liu et al., 2019). However, magsearch is heeded to understand how students’
activities in these environments are directed leyrtfjoals and intents when engaging with video eant
(Chi & Wylie, 2014; Kim et al., 2014, Blinded foeview, 2018b), as well as the impact of context on
students’ actions (Fredricks et al., 2011; Hertiglverson, & Graham, 2015).

The learning analytics community is exploring clitlkam data to measure engagement when
learning with video (Blinded for review, 2015; vder Sluis et al., 2017; Vytasek et al., 2020). For
example, Kim, Yoon, Jo, and Branch (2018) analygtedents’ clickstream data to examine engagement
patterns in online courses, and successfully addptening analytics to classify different engagetne
patterns. Jovanovic, Mirriahi, GasévDawson, and Pardo (2019) analyzed clickstream tdgpredict
course performance based on student engagemdehitield courses, and revealed the predictive power
of student engagement with pre-class activitiesanse performance. Both of these studies called fo
more research on whether engagement patternsfaceeafby learning context.

Most studies of engagement with video have focaselow features of the video content, such
as its genre (Chorianopoulos, 2018) and productigle (Guo et al., 2014), affect viewing. The imipaic
video-based learning pedagogy has also been stud@aading instructors’ design choices (Brame, @01
and learning scenarios (Andrist, Chepp, Dean, &8avlik014). For example, different studies have
looked to improve engagement with video using itea quizzes (Kovacs, 2016), concept maps (Liu,
Kim, & Wang, 2018,), anth situannotations (Chiu et al., 2018). Less is knownydweer, about how
learning context affects students’ engagement witho. Learning is embedded in context, and thus, i
important to understand how context affects stugl@mgagement in various learning activities (Arels
& Flick, 2010; Butler & Cartier, 2005; Deng & Taw, 2013). For instance, whether or not it is amex

week can affect the ways students interact witlpfgganformation, and technology (Blinded for rewje



2019). More work is needed to understand how legroontext associated with video-based learning
affects student engagement (Chen & Wu, 2015; H&6R

Considering the findings in the literature anddheas for further research, the present study
aimed to identify students’ video engagement gaatbhow these inform students’ activities, in ielat
to three contextual variables. We focus on onlime lslended course formats in higher education,gusin
regular linear video through a hypervideo playerStudy 1, we mapped students’ video viewing
activities to their engagement goals and interge @ection 3). In Study 2, we analyzed how stutlents
engagement goals and video activities were affdayerburse format and contextual variables (see

Section 4). We address the following research dprest

RQ1: What are students’ engagement goals and intentshédr video viewing activities?
RQ2: How does learning context (and specifically, comsek, exam, and rewatch) affect students’

engagement with video in online and blended co@rses

2. Background

With mounting evidence for the benefits of learnwith online video (van der Meij & Dunkel,
2020; Vieira, Lopes, & Soares, 2014; Yousef et2dl14), and thanks to technological developments,
instructional videos are becoming increasingly papiun higher education. Two popular video-based
course formats are online courses and blendedes@sline courseprovide most or all of the learning
content through online video lectures, without femdace lectures (Allen & Seaman, 2016). In these
courses, videos are used as either a self-studiument a tool to enhance the learning process (¥iei
al., 2014). Online learning is thought to have salvadvantages, including flexibility and accedgipto
study anywhere, anytime, without requiring instaustand students to be co-located (Means, Toyama,
Murphy, Bakia, & Jones, 2009; Blinded for revieW,18; Van Doorn & Van Doorn, 2014). Thus, in

online courses, video is often the primary sourfdaformation communicated by the instructor. In



contrast with that, iblended course®nline instructional videos typically provide silgmental
materials, which are used in combination with feméace lectures from instructors (Graham, 2006). A
blended learning environment adds flexibility taditional lecture-based courses and allows ingiradb
play a pivotal role in providing structure, orgaatinn, scaffolding, and time management to theniear
experience for students (Aldhafeeri, 2015, Artind@éhes, 2012).

Researchers, instructors and policy makers are ¢adjied how online video-based teaching
could support student learning (Ashby, Sadera, &y, 2011; Larson & Sung, 2009). Comparative
studies between online and blended courses indicateontextual variables other than the formanal
influence learning outcomes (Nortvig, Petersen,&l& 2018). In a similar vein, existing literature
suggests that students may engage differentlylineand blended courses (Broadbent, 2017; No#vig
al., 2018). Despite this, explicit tests of diffeces in student engagement across online and ldende
courses have seldom been undertaken, if at alh Buawledge would provide greater insights to desig

instruction and technologies that are more suibefie context or the other.

2.1. Theoretical framework

In online and blended learning courses, studesesadf online video lectures calls for new ways
to measure engagement. (Blinded for review) (2@t8&posed using learning analytics techniques to
study real-time trace to better assess and unddretayagement “as it unfolds.” For example, studies
measured engagement by looking at the duratiotudesats’ viewing patterns (Guo et al., 2014), or
whether they navigate away from a video before detigm (Kim et al., 2014). Notably, these measures
focus on whether students accessed different phtite video. However, they cannot capture whegher
student is actively paying attention to the videgust playing it in the background while multitésé
(Guo et al., 2014). An alternative way to undemtstudent engagement with videos is to look at
students’ actions while watching video. Analysistfdents’ clickstream (such as pausing or changing

playback speed) can help us better understandehgagement with video. Such analysis includes



existing metrics (for instance, number of pauséddatical to number of playbacks), and could add
information about the type and frequency of diffederms of activity.

The Interactive, Constructive, Active, and Pas§iZAP) framework offers a useful lens through
which student actions can be interpreted. The I@ARework describes learning activities as a proces
that involves four different modes of engagemeawinfmost to least productive (see Table 1; Chi &
Wylie, 2014). Mapping learning activities with vinéo different modes of engagement can help us
interpret and evaluate these. (Blinded for revietgl. (2018b) put forward an Active Viewing
Framework that mapped video-specific learning @@ in the ICAP framework. Mitrovic and her
colleagues (2017) have also incorporated the IGARéwork to the design and evaluation of educaltiona
video playing systems. In their work, they foundtttvhen students engage in annotating videos and

rating others’ comments, their conceptual undeditanof the target soft skills increases.

Table 1. Examples of video-specific learning activitiesdach mode of engagement identified in the

ICAP framework, adapted from Chi and Wylie (2014).

Mode of engagement Examples of video-specific leang activities

Interactive Debating with a peer about the justifications; Disging similarities &
differences

Constructivi Explaining concepts in the video; Comparing andiemsting to priol

knowledge or other materials

Active Manipulating the video by pausing, playing, -forward, rewini

Passiv Watching the video without doing anything ¢

When interpreting students’ activity, it is impartdo consider their goals. For instance, as shown

in Table 1, fast-forwarding and rewinding video both examples of active learning with video.



However, the goals of such activities likely diff@¥hile fast-forwarding reduces the time with the
content and is used to move on, rewinding is usedpeat earlier content. Engagement is a “meta-
construct,” so it is important to have a comprehensnderstanding of observable activities and goal
(Fredricks et al., 2011). Current view of engageinfiecuses on different aspects of engagement. Its
affective component refers to students’ motivadod reactions while engaging; its cognitive commbne
refers to investment and mental effort; and itsalvédral component refers to the actions taken by
students within and outside of the learning envitent.

Students may engage in the same activity in omsupport their learning at a number of
different ICAP levels. This makes it difficult tdentify at which level a student is learning. Fearmaple,
a student may pause a video to take a break (Activevrite a synthesizing note on the content
(Constructive), or to collaborate with a peer (tatgive). In Study 1, we attempted to more cleargp
activities to ICAP levels by identifying what theost common goals and intents are for a number of
common video-based learning activities. Obviouslich mapping cannot always be accurate. However,
looking at students’ goals and intents help usdoyging activities that may otherwise seem unrélate
For example, seeking forward in the video or plgyam a higher rate are different activities, bythare
often related to the same goal: skimming the cticentent. In RQ1, we explore how students’ video

viewing activities map onto different engagemerdlg@nd intents.

2.2. The impact of learning context

Understanding the impact of learning context iee8al to interpreting students’ activities.
Learning context represents all the factors sudimgstudents within a learning environment that
provide meaning for the messages they receive flas& Richey, 1997). These are the factors that
influence and define what, when, where, and howviddal students learn from instruction.
Understanding learning contextual factors is imgiarto unveil the meaning of students’ learning
activities (Deng & Tavares, 2013). Since context imulti-faceted concept (Barnett & Ceci, 2002;

Courtright, 2007), there can be many variabletwsitler.



Recent research has identified some of the cordbxtwiables that can impact students’
engagement when learning with video. Broadbent{28howed that students utilize different learning
goals and strategies in different course formatdirie vs. blended course desig{Blinded for review)
(2018) showed that students’ engagement with vidap change from course week to week. In a similar
vein, (blinded for review) (2018) reported thatdstnts watch the videos extensively before midtenth a
final exams. Further, whether students are watchinigleo for the first time or are rewatching autd
affect students’ engagement patterns (Sinha, Jernhan Dillenbourg, 2014). When analyzing
students’ learning activities, an in-depth insigho how students behave can be lost if contextual
variables are not fully considered (Axelson & FJi@®10; Deng & Tavares, 2013). Alas, research
considering the relationship between contextuahises and engagement with video is limited, andrCh
and Wu (2015) and Hew (2016) have called for mavekvon the impact of context.

Further elaborating on the concept of engagemetnds, O'Brien, and Yom-Tov (2014) point
out the important role of time and emphasize thgoirrance of looking at engagement across as well as
within sessions. Subsequently, they define useagament as: “the emotional, cognitive, and behalior
experience of a user with a technological resotivaeexists, at any point in time and over timedl¢has,
O'Brien, & Yom-Tov, 2014, p. 3). Seeking to betterderstand the changes to students’ engagement over
time, in RQ2, we examine the relationship betweamporal context (and specifically, course week,
exam, and rewatch) and students’ engagement witovin different course formats (i.e., online and
blended courses).

In what follows, we describe Study 1 (Section 3uavey that maps in-video activities to
engagement goals and intents. We then use theledmin Study 2 (Section 4), to interpret students
clickstream data from three courses. Lastly, weudis the main findings and implications for thesng

practice of video-based teaching and learning {@=&).



3. Study 1: Mapping video viewing activities to enggement goals
and intents

To associate students’ video viewing activitieswtiteir different engagement goals (RQ1), we
surveyed students regarding their intents for diffi€ activities when learning with video. Theseint-
activity pairings were then synthesized into broaeagement goals using affinity diagramming
(Hanington & Martin, 2012), as described belowetattive engagement, as described in the ICAP
framework, occurs during social discussions witarpeand thus leaves no traces in systems thattdo n
support such interactions. Thus, in this studyfeeeised on Constructive, Active and Passive moéles o
engagement.

As the study asked students to describe their tsfen different video viewing activities, it retie
on self-reports. While such an approach has itgdiions, surveying students for their goals iatigely
common, and students can report these reliablB(dfer, Schnellert, & Perry, 2017; Kizilcec & Cahe

2017).

3.1. Methods

3.1.1. Participants and procedure

Ninety-six undergraduate students enrolled in drteree courses participated in the survey:
forty-eight from an online, third-year psychologyuese and 48 from two blended first- and second-yea
engineering courses. Recruitment advertisements pasted on the course learning management system
by one of the researchers who was not affiliatetti téaching the courses. All participants complehed
survey at the end of taking a video-intensive cetinat made use of (blinded for review), an
experimental hypervideo player that suppaortsitu annotating and highlighting. (Blinded for review)
was also used in Study 2, and is described in@edtil.2.2. Respondents were entered in a raffla fo

$50 gift card.



3.1.2. Materials

The survey asked students regarding their intemtsrigaging in different video-based learning
activities (see Appendix A). The survey focusedew activities that are supported by the video @lay
used in their class: pausing, rewinding, fast-fodirag, highlighting, scrubbing, adjusting the plagk
speed, and annotating the video. For example, btieseven questions ask&d/hen watching an
instructional video, | typically pause because.The order of the seven questions was randomized to
minimize ordering effects.

In order to construct meaningful options for thevey, a pre-survey with open-ended version of
the questions was administered to 20 additionalntelers from other courses, mainly in Education.
Multiple studies have shown that open-responsetiqussoffer more insight into student reasoningitha
do multiple-choice (Meir et al., 2019; Prevost, 8m& Knight, 2016). These open-responses were
analyzed with inductive coding (Schreier, 2012)e Dutcome of this process was the emergence of four
to five intents for each activity. These intentgevased as the options from which participantfién t
main survey could answer. This pre-survey was sséaly to identify plausible intents for each aittiv

Recognizing that each activity can serve multiptents, survey respondents could choose all
intents that apply. In addition, respondents weviteéd to write-in additional intents using an “@©th
please specify” option. For example, one of theeseyuestions askedWWhen watching an instructional
video, | navigate forwards because... a) | find tbetent to be irrelevant, boring, or already known t
me; b) | prefer to study the video at my own pacgulmping around, instead of watching linearly; c)
want to get the gist of the content before | wahehentire video, to know what to expect and decide
whether to watch it; d) OthérFor all items, respondents were also remindet“thgou almost never
engage in one of these activities, please skipghestion.” Indeed, we saw that students skipped
activities that were less common. For examplehifghlighting and for annotating videos, only 61 &8l

students, respectively, provided their rationaderfra total of 96 students.
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3.1.3. Data analysis

Data from the survey was organized in intent-astipairs. These pairs were then grouped by the
research team into broader engagement goals usreffinity diagram approach. Affinity diagram is a
technique for organizing and grouping ideas andadisring common themes (Hanington & Martin,
2012). During the process, all intent-activity gairere written on cards. Participants then groupenh
iteratively until clusters of pairs with similar m&ings emerged and were named. For example, et int
for navigating forwards because “I find the contenbe irrelevant, boring, or already known to mamt
the intent for increasing the playback speed becdusm familiar with the content” were groupedaas
same engagement goal labelf&kim The affinity diagram process is informed bothdaya and by
theory. For example, tHekimgoal matches a parallel strategy that has beemndgaated while reading
(Pavel, Reed, Hartmann, & Agrawala, 2014; Shintfgerzoz, & Durand, 2015). Affinity diagramming
looks for emerging clusters. It ends when all eletmare mapped onto clusters in the diagram, amshwh

the research team together agrees that this repatise captures well the diversity of responses.

3.2. Results: Students’ goals, intents, and actives while learning with video

Table 2 maps engagement goals, intents, and tbeiate video viewing activities for each
multiple-choice question in the study. The frequeoiceach response is also presented. Each adsvity
annotated with the appropriate level accordindnlCAP framework (Chi & Wylie, 2014). For several
activities, the relevant ICAP level can be attrdzlitvith a high degree of certainty. For examplst-fa
forwarding is Active, as also noted by Chi and \WyR014). However, without additional data, it &dh
to associate between other activities and spdeifiels. For example, while the act of pausing ifivag
students reported that they often pause in ordsurtamarize in their notebooks (a Constructive dgjiv
Similarly, when annotating videos, students caatergerbatim notes (Active) or their own summaries
(Constructive). Because students can create a fwongerd copy of the spoken content of a video by

highlighting the transcript, we assume that writtngomment is a Constructive activity. However,
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lacking semantic information, we classified theseaations as either Active or Constructive. We

identified a total of eight unique engagement gttzds students used while learning with video.

Table 2. Engagement goals, intents, associated viewingites, and frequencies of responses.

Engagement Intent Video viewing N
goal activity
Reflect I want to write a note. Pause (A/C) 63
| need time to think and reflect on what | justeteed. 46
| search for additional information using the wedxtbook, and so on. 16
| summarize the video to save study time. Annotateos 30
(A/C)
Later, it is easier to review my annotations ttmrewatch the entire Highlight (A) 27
video.
Flag | bookmark content that | want to return tieta Highlight (A) 25
I mark the first time that important concepts appe 17
Remember | want to remember something importanafiorssignment or test. Annotate vide88
(AIC)
It helps me remember the content. Rewind (A) 28
It helps me remember what is said in the video. ghhight (A) 25
Clarify | zoned out or got distracted, and wanttake sure | did not miss Rewind (A) 58

anything.
| did not get the explanation the first time.

The speaker is talking too slow or fast.

12

56

Reduegtpck 36

speed (A)



Skim Speeding up the playback saves me time. Iserea 39

The speaker is talking too slow or fast. playback speed 34

| am familiar with the content. ®) 34
| find the content to be irrelevant, boring, arealdy known to me. Fast-forward (/A2
Search To better understand what is being saigeivideo. Scrub (A) 50
| like to read the transcript while watching thdeo. 42
To locate a specific piece of information to nategto. 36
I am looking for a keyword. 19
Orient | prefer to study the video at my own paggumping around, instead Fast-forward (A) 25
of watching linearly.
| want to get the gist of the content before |ahahe entire video, to 21
know what to expect and decide whether to watch it.
Take a break Something else is grabbing my attemtid need a break. Pause (A) 36

Note: Each video viewing activity is labelled with associated ICAP level(s): “A” for Active and /@
for Active or Constructive, depending on the sitmat

Over half of the students in the study chose tHeviing intent-activity pairs: (iPausingin
order to write a note (48% also noted that theyspaa think and reflect); (ilRewindingto make sure
that they did not miss anything, or because thdydt understand the video first time around; aiijd (
Scrubbing(that is, hovering over the filmstrip) in orderlietter understand what is being said in the
video.

Several activities can serve more than one godlyawst goals can be accomplished using more
than one type of activity. Thus, results show a ysaamany mapping. For example, students may pause
to take a break, reflect, or use external tool$ siscnotebooks and a browser. Similarly, a singitsd
can be served by various activities. For examplelents who want to save time because the corgtent i

familiar to them either increase the playback spmezkim forward.
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3.3. Discussion

Study 1 produced a mapping between activitiesntaieand engagement goals for eight video
viewing activities. The relationship between inteahd activities was captured directly from stuglent
surveys. The grouping of intents to goals was titeame of the affinity diagramming process. Figlre
summarizes these results. When the same engaggoadntas related to the same activity, we added up
the different intents (e.g., students reportedeldifferent intents when pausingReflect so we summed
the counts for each activity associated with aigalerr goal: 63 + 46 + 16 = 125). Figure 1 hightigthe

most common goal for each activity.

Engagement Video viewing
goals activities
Reflect Pause

Take a break Highlight
Flag Annotate videos
Remember Rewind
v e Reduce playback
Clarify .
) speed
Ki Increase playback
Skim speed
Orient Fast forward
=147
Search [ = —e Scrub

Figure 1. Engagement goals and video viewing activitiesdBimles indicate the primary goal for each

activity. For example, pause is primarily assodatéth Reflect(n = 125) but als@ake a breakn = 36).

14



Study 1 identifies a set of goals that studentd adlile engaging with online video, and captures
the way in which students achieve these differealsy Notably, the goals identified in this work
resemble previous results. For example, when desgrthe ICAP framework, Chi and colleagues (2018)
describe the Active level as one in which studemsipulate their environment without providing any
new information. The authors provide examples sgpausing, rewinding, or repeating videos. The
authors further describe how these manipulationgeste purpose of driving attention to (or awayni)
certain parts of the learning material, as is @meovith goals such &kimandSearchwhich were
identified here. Chi and colleagues (2018) go osetpthat major goals for the manipulation of l@zgn
objects is to store them in ones’ memory, and éinHl activate with prior knowledge. Goals suclfrlas
andRememberfrom this study, match these descriptions.

TheReflectgoal, and its manifestation in pausing and animtatctivities, also echoes similar
findings from the literature (Evi-Colombo et alQ2D). In their review, the authors describe howeatie
of summarizing video content, and revisiting thestes later, serves to drive elaboration, justifica
and reflection. Students in our study reportedlsinintents.

The goals described here also resemble many reattatggies (cf. McNamara, 2007). This is
not surprising, as both activities are designdéam from provided information, at the controltioé
student. Thus, goals suchSism Clarify, or Searchdescribe strategic use of actions. These, in thair,
serve bigger goals of learning.

This study also demonstrates the challenge of usarging analytics techniques for capturing
these goals. In addition to the lack of video-viegvtrace data for Interactive activities (such as
conversations), clickstream data is also lackimgpfusing, which is reported by students to beya ke
viewing activity. Furthermore, pausing can servpagite engagement goals — whetfiake a brealor
Reflect Some of this ambiguity may be resolved with othnethods, such as sequence mining, which
evaluates these pauses as part of longer sequencesing other machine learning techniques (Petrez

al., 2017; Sinha et al., 2014).
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The narrow bandwidth of students’ clickstream afgakes it hard to attribute ICAP levels to
some activities, such as annotating. In gener#h rggard to ICAP levels, two observations can leen
The first is that students can use a variety dfiets across a variety of levels to achieve thms
engagement goal. The second is that clickstreamazat be used predominantly to capture Active level
activities.

In the next section, we apply the mappings betvemtinities and goals when looking at student
trace data to evaluate how students’ goals anditzesi are affected by learning context in thedgan of

a course.

4. Study 2: Analyzing the impact of learning contetxon students’
engagement goals with video

The goal of Study 2 was to examine the impactafrilimg context on students’ goals and
activities during their video learning (RQ2). WeaBzed clickstream data from 387 undergraduate
students in three semester-long courses. Studatggactions with online video were recorded and
analyzed based on the goals identified in Stud{/d then evaluated the relationship between various

contextual variables and students’ activity usingtitevel modeling.
4.1. Methods

4.1.1. Participants and procedure

Data were collected from 387 students enrolledhiad different courses as they watched
instructional video with an experimental hyperviggayer: Psychr(= 117; a third-year psychology
course), Engln(= 137; a second-year engineering course), and BEng2.33; a first-year engineering
course). Psych was a fully online learning cowdgle Engl and Eng2 were blended courses. Students

watched online videos as part of their weekly cewvsrk throughout the semester. At the beginning of
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the semester, students consented to having thee tfata captured and analyzed anonymously. Stident

were thanked for their time but not otherwise congaged for their participation.

4.1.2. Materials

4.1.2.1. Online and blended courses

Table 3 and Figure 2 provide detailed informatibowt the three courses in Study 2. In the
analysis, we merged data from the two blended esuiEngl and Eng2). This choice was motivated by
both data-driven and conceptual reasons. From eeptual perspective, the two engineering courses ar
similar in content and population (Engineering sagrat the same university), modality (blended
courses, where online video supplements face-te{eatures), and in their type of videos (PowerPoin
slides with voice-over). Thus, merging them isiirelwith our research questions. From a statisfioait
of view, merging the courses has several ben€iitst, it increases the statistical power of thdtitewel
approach, since it increases the number of obsenggper cell. Second, by running fewer models, we
reduce the risk of Type Il errors. To evaluatedbeision to merge data from both Eng courses, wara
multilevel model with a categorical variable of “@se ID” (coded “1” if the student was in the Engl
course and “0” if the student was in the Eng2 oeur$ the two courses exhibit different viewing
patterns, we would have observed significant logdin this variable. There was no significant effect
the course variablgp( 0.05), indicating that there were no statistdifferences between the two

blended courses.

Table 3.Basic information about the courses. For the lddnmburses, we report data from two

engineering courses.

Course format Course topic  Number of Number of Video lecture  Video

weeks videos style duration in
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minutes (std)

Online cours Psycholog 14 9C Slides with 8.56 (4.28
voice-over

Blended cours Engineerin 8 E 33; 13 Slides with 18.85(13.10);
voice-over 7.75 (3.33)

Major Paradigms - DAQ Functions (cont
Tutorial Time P, =(v —v )1 & Note: this is a programmer-defined function, not a library function
abs 0 d origin, o
Q void writeNumber(int decimalNumber);
* To compute absorbed power in an vrites the value of decimalNumber to the seven ment
“element” of an electric or dis) r implementation in class was for non-negative
Psychoanalytic electronic circuit, & . ines):
Biological il * we assume that the current is —
(Humanistic/Existential “dropping” through the element 1 . - .. b . .
¢ from a higher point to a lower one. ”
ognitive ), P M
X 9 * Let’s compute the “drop” the —_
Lecv‘mng/Behcv\oum[ current experiences through the For examples: see the programming practice on
element writeNumber() or the prelab solution for lab 7
« And multiply that by the current destination, d { Bramuple: wurd veltumisar (1234) 5
DAQReview 165

(A) B) (©)

Figure 2. Video screenshots from three courses: (A) Psytlontine third-year psychology course; (B)
Engl, a blended second-year engineering coursg@rieing2, a blended first-year engineering course.
The video can be viewed at:

https://www.youtube.com/playlist?list=PLjnfG16LWxwdi71JKOGp9OEV1Y0IQz

4.1.2.2. (Blinded for review) hypervideo player

Students watched instructional videos using thiedkt for review), an experimental hypervideo
player designed for video-based online and blemething (2018). (Blinded for review) consists of
three interface elements: the player, the filmstim the transcript (see Figure 3). The playsimislar to
other conventional video players in that it allestsdents to play, fast-forward and rewind, and stdju
playback speed, closed captioning, and volume filthstrip is located at the bottom of the playedan

provides a visual overview of the video throughnttmails. (Blinded for review) also includes
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hypervideo capabilities. The transcript combinesrthnails and the spoken content of the video.
Students can highlight or annotate videos by dtigidnd dragging content in the transcript or on the

filmstrip and then selecting an annotation typerfithe popup window.

) vio 300A01

Transcript

Figure 3. A screenshot of the (blinded for review) hyperagayer. The visual content player is on the
upper-left, the navigation filmstrip is on the laweft, and the transcript is displayed on the rigthe

user can highlight or annotate videos on the pagindow.

4.1.3. Data collection and processing

Students’ clickstream data (e.qg., pauses, rewfadsforwards, scrubs, and playback speed
adjustments) were collected over a semester (1¢5.daur analysis focuses on students’ activities
within viewing sessions. We defined a sessionsingle student-video-date triplet, that is, playing
certain video on a certain day by a certain studafattching the same video on two different days was
considered two sessions, as was watching two differideos by the same student on the same day. We
further split sessions that included a period iivdgtionger than 10 minutes (no video playing amd

user interaction). A within-session analysis, asdusere, can look into students’ activities oneyth
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began watching a video. Their decision to watchréain video is outside the scope of this work. For
each session, we included the following data: stuti2, video ID, date, the number of activities
associated with each engagement goal (see Seclidhlj, and learning context variables (see Sectio

4.1.3.2).

4.1.3.1. Engagement goals

We used the mapping identified in Study 1 (seedakhnd Figure 1) to count the number of
activities associated with each engagement goadoh session. When the same goal is served by
multiple activities, we summed up their frequencles example, the frequency ©farify was calculated
as the sum of the number of rewinding and reduplagback speed.

When an activity is associated with multiple goals,identified the most common goal (see bold
lines in Figure 1). For example, we treated rewigdis an instance Gfarify (114 votes), rather than
Remembe(28 votes). The goal &iemembewas left with no associated activities, as alt®hssociated
activities were more common with other goals. Thal @fOrient was also removed for the same reason.
The goal ofTake a brealalso had no associated activities, because longdseof inactivity between
actions were treated as a separation between eving sessions. This process is further described i
Section 4.1.3.

Unlike most video players, (blinded for review) popts highlighting video. Alas, when
preparing the data for analysis, it became cleatrdtudents rarely used the highlighting and arnimgta
features. For example, more than 88% of the arinota{2,458 of 2,787) were created by nearly 5% of
the students (20 out of 387) a phenomenon whichbeas observed in previous studies of video-based
annotation in the classroom (Blinded for review] &4). The fact that such a small percentage of the
overall students created so many annotations megjfirther attention. However, for the purpose of
evaluating adaptive viewing patterns, the godtlafj was removed. Consequently, the data analysis

focused on four engagement goals, intents, anddbsociated video viewing activities (see Table 4)
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Table 4. Four main engagement goals, intents, and thedc&ged video viewing activities, as identified

in Study 1.
Engagement Intent Video viewingactivity
goal
Reflect e | want to write a note. Pause (A/C)
e | need time to think and reflect on what I just ered.
e | search for additional information using the wixtbook, and
so on.
Clarify e | zoned out or got distracted, and want to make sdid not Rewind (A)
miss anything.
e | did not get the explanation the first time.
e The speaker is talking too slow or fast. Reducglek speed (A)
Skim e | find the content to be irrelevant, boring, oregdy known to Fast-forward (A)
me.
e Speeding up the playback saves me time. Increase playback speed
e The speaker is talking too slow or fast. (A)
e | am familiar with the content.
Search e To better understand what is being said in theovide Scrub (A)

| like to read the transcript while watching thee®.
To locate a specific piece of information to nawgto.

I am looking for a keyword.

Note: Each video viewing activity is labelled with associated ICAP level(s): “A” for Active and /@

for Active or Constructive, depending on the sitmat
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4.1.3.2. Learning context variables

To evaluate the impact of learning context, we éraththe following variables: Course Week
(first to last), Exam (exam week vs. hon-exam wediere an exam week represents the one-week period
before students take the exam), and Rewatch (rewatdirst-watch). The models also included Video

Duration (video length in minutes).

4.1.4. Data analysis

The trace data was summarized with descriptiveyaigalThen, we fitted a three-level mixed-
model analysis, consisting of session data nestithwideo, nested within student. Multilevel mdidg
can be used to predict dependent variables usitigpiaiindependent variables coming from different
levels (Raudenbush & Bryk, 2002). Multilevel modelihas the advantage of dealing with problems in
traditional regression analysis, such as aggregaiis, dependency between points, and under-dstima
standard errors (Lee, 2000). Multilevel analysis wanducted using Stata 14.

We ran a total of eight models: the two course amfonline or blended) by each of the four
engagement goalRéflect Clarify, Skim andSearch. We analyzed the course formats separately to
avoid three-way interactions. We took an iteratipproach to model-building by including each level
and associated controls to examine the fit of @actiel. We began with a “null” model which included
only the dependent variable and the nesting vasatiodel 1). Then we introduced the main effetts i
Model 2. Then we tested for interaction effects (dlo3). We selected the model with the best fihgsi
fit parameters and a likelihood-ratio test; compamested models to more complex models (Model 1 vs
Model 2, then Model 2 vs. Model 3). If a more coexpimodel with additional terms did not show a
statistically significant improvement in terms obdel fit using the likelihood-ratio test, we adaptbe
simpler model for the sake of parsimony and inadagatistical power. For ease of interpretation (a
brevity), we only report our final models. A prinydnterest is the estimated main effects for course
week, exam, rewatch, and video duration. To accfuribflated type | error rates with eight differte

models, we adopt the Bonferroni correction to ttical p-value (0.05 /8 = 0.00625).
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4.2. Results

4.2.1. Descriptive analysis

A total of 14,262 video sessions (10,025 in thenentourse and 4,237 in the blended courses)
were recorded over a period of 105 days. As shavirable 5, students in the blended courses (Endl an
Eng2) showed a higher average number of actiyigesession for all engagement goals, ex8epich

compared to the online course.

Table 5. The average number (and standard deviation) ofittes associated with engagement goals per

session in the online and blended courses.

Engagement goals Online course Blended courses
Reflec 4.58 (6.77 6.61 (12.81

Clarify 1.00 (2.20 1.61 (2.95

Skim 2.01 (7.60 2.43 (5.22

Searcl 13.86 (23.1¢ 12.38 (17.02

4.2.2. Online course multilevel modeling

We first analyzed the online course data. The theeel model, including the interaction between
exam and rewatch, explains more total variancehasda higher improved fit than the other models (se
Table 6). Course week is negatively associated Sagrchinstances (beta =0.280), that is, for every
four weeks students did roughly one less searckgmmion. Course week also predicts a decrease in

activities associated witReflect(beta = —0.086). Exam week predicts IBsdlect(beta = -1.456) and
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moreSearch(beta = 2.005). Rewatch predicts |&&flect(beta =—2.189) and mor8&earch(beta =

4.906). Video duration (measured in minutes) shawtatistically significant positive relationshijithv
all four engagement goals, that is, longer videsogehmore activities registered, though this ineeas
not linear. A two-way interaction between exam eswlatch was significant, meaning that rewatch

during exam week predicts leGtarify (beta = —0.336) and leSearch(beta = —-3.711). These results are

revisited in the Discussion.

Table 6.0Online course multilevel model for engagement gdalearning context.

Learning Engagement goals
context
Reflect Clarify Skim Search

Main effect:
Course wee —0.086*** (0.025 -0.010 (0.007 -0.039 (0.02C -0.280*** (0.069
Exarr -1.456*** (0.181 0.138 (0.057 0.408 (0.19: 2.005*** (0.592
Rewatcl -2.189*** (0.247 0.134 (0.08C 0.212 (0.27z 4.906*** (0.833
Video 0.003*** (0.001  0.001*** (0.000  0.002*+* (0.000  0.018*** (0.001
duration
Constar 5.347** (0.366  0.745*** (0.084  1.036*** (0.246  5.276*** (0.869

Interaction effect

Exam x

Rewatch

0.941** (0.302

~0.336%* (0.099

-0.510 (0.33¢

~3.711%* (1.027
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Note: Values are beta coefficients (standard exrbmddface indicates statistical significance iafte

bonferroni correction; **p < .01; ***p < .001.

4.2.3. Blended course multilevel modeling

We repeated the analysis for data from the bleededses. In the multilevel model, interaction

effects were non-significant, and their inclusiéd ot improve the fit of the model. As such wedifiee

two-level model since it contributed the most tplaining the total variance of the blended coudsa.

Results show little impact of learning context tudent engagement (see Table 7). Course week was

found to predict mor&kim(beta = 0.310). Exam and rewatch had no relatipnsith engagement goals.

Video duration showed a statistically significamtt small, positive relationship with all four gedbeta

< 0.004).

Table 7.Blended course multilevel model for engagementsgodearning context.

Learning Engagement goals
context
Reflect Clarify Skim Search

Main effect:
Course wee 0.159 (0.17¢ 0.116** (0.042  0.310*** (0.075 -0.306 (0.25:
Examr -0.621 (0.44¢ -0.121 (0.10¢ 0.095 (0.19z -0.866 (0.627
Rewatcl -1.129** (0.409 0.031 (0.09¢ 0.288 (0.17¢ -0.375 (0.57¢
Video 0.002*** (0.000 0.000*** (0.000 0.001*+* (0.000 0.003*** (0.001
duration
Constar 3.289*** (0.724 0.452** (0.169  0.147 (0.297 8.475*** (1.034
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Note: Values are beta coefficients (standard exrbrddface indicates statistical significance afte

bonferroni correction; **p < .01; ***p < .001.

4.3. Discussion

In this study, we examined the impact of learniogtext on students’ engagement goals with
online video. In the online course, course weekngxand rewatch (i.e., watching previously watched
videos), were associated with students’ engagemigimivideos. However, this was not the case in the
blended course. While the blended course showedenall higher level of activity (that is, a higher
number of activities associated with engagemenisyjcstudents in these courses showed less adaptive
use of video. One possible explanation for thihiésrole of instructional videos in the differepiucse
formats. In the online course, videos are the piyrsaurce of information. Thus, students use viceoe
strategically. It may be that students in the béghdourses used the online videos only for specific
purposes, like preparing for class or doing homé&wbhis may explain why these students showed more
activities per session overall, but their use dfa was less sensitive to changes in the learmintpxgt.
Another possible explanation is that students wianse an online course did so because they were mor
accustomed and skilled at learning from instruclamdeo. Thus, they showed more strategic learning
activity, one that adapts to contextual variables.

One variable showed a very consistent outcomesa@bengagement goal types and course
formats: video length was positively associatedhwie number of activities. However, the magnitafie
this relationship was smaller than all other leagriontext variables. Even after multiplying byitg
video duration (such as 20 minutes), the effestiddo length remains a magnitude below the efféct o
other factors. That is, the increase in activitseledid not grow linearly with video length. Thisapnhave
several reasons. For one, students may be drofipimgong videos, thus, essentially, turning thenoi
much shorter videos (Guo et al., 2014). Secondait be that students attend to specific informaition

video, and the amount of information does not gliaearly with length.

26



4.3.1. Video learning in online courses

Table 8 summarizes the results of the engagememtrgiated activities in the online course.
Overall, as course week progresses, we saw a dedreatudents’ level of activity. Specifically,
activities that are associated wRleflectdecreased as the term continued. It may be thaéstsl had
more load and thus stopped less to reflect. Altarely, students improved their learning habits] an
were able to summarize what they needed from ttheowvithout stopping it. Students aSearchless as
the course week progresses, possibly because dnesesily locate a specific piece of information to
navigate to. It is likely that as students adaghtexpectations of the instructor, the role eftfdeo in
the class, and the affordances of the video pldlyey, may become more efficient and focused, and

consequently need fewer actions to achieve theitsgo

Table 8. Summary of online course multilevel modeling resul

Learning context Engagement goals
Reflect Clarify Skim Search

As Course Week goes (=) A decrease (=) A decrease

During Exam wee (-) A decreas! (+) An increase,
during exam mainly for first
weeks for watched videos
previously

When Rewatch previous (++) A sharp
watched videos _

watched videos Increase
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As to be expected, during exam week, stud8etrchmore andReflectiess, probably in an
attempt to be more efficient and mindful of th@ne. Online learning studenBearchmore during the
exam week when first watching videos, possibly bseghey spend more time and attention seeking
video segments that they perceive are valuablthéoexam. This is not the case when students first
watch videos during weeks where there is no exdmay Tay also take fewer notes during the exam
week, and thuReflectless. This is interesting because this strategiagament appears only in online
courses and not in blended courses.

StudentsSearchmore andreflectiess when they rewatch videos. This is another sigtrategic
use of video — they are familiar with these vidaad return to them for a specific purpose. Thishmn
explained by previous findings that suggest thadestits selectively pick parts to rewatch (Kim et al
2014; Blinded for review, 2018). They alReflectless, possibly since they take fewer notes when
rewatching videos.

Student<larify less during exam weeks when rewatching vid€taxify activities, such as
rewinding the video and reducing playback speeartease engagement time with the video. One
common intent foClarify is that students were unable to understand tloenvation in the video. Thus,
students maglarify less during exam weeks for previously watchedasdeecause they already know
the content. Students may also be mindful of ttieie in a week before the exam, which reducesithe t

that they choose to devote to clarifying video segis.

4.3.2. Video learning in blended courses

Students in the blended model showed an increaSkinfas the course week progressed. This
may be an instance of increased time pressure mngsikig ahead is a simple way to finish a video faste
It may also be an artefact of the video being amsdary source, hence students skim forward toifsd
added value on top of the lecture — and they l&ado so more efficiently as the term continuesflee
more skimming). As noted above, overall, studesitgjagement patterns in the blended courses showed

little adaptivity.
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5. Overall Discussion and Conclusion

Our first research question focused on studentsgand intents when learning with online
video. Although the growing body of engagementaes®has been adopting a learning analytics
approach (e.g., Jovanovic et al., 2019; Kim et28l18; Vytasek et al., 2020), little has been donmap
students’ video viewing activities to video engagetngoals and intents. We found complex and multi-
dimensional links between engagement goals, intantsassociated video viewing activities. Our rdixe
method approach allowed us to observe the manyatwyrmappings between video viewing activities
and engagement goals (see Figure 1 and Table 2).

Our second research question sought to underdtanglationship between learning context and
students’ engagement with video. We found that vstaedents watch a video for the first time, they
Clarify more, while on repeated watches, tS@archmore. During exam weeks, stude6larify less.
Students’ level of engagement drops with coursekweassibly due to increased efficiency. Thaths, t
reduction in activity level may reflect a bettedenstanding of the utility of the video, and howain be
used efficiently. One clear finding is that studeintonline courses use video much more adaptaedy
strategically than students in blended courses.

Students in the study worked with a hypervideo @ddkiat supported advanced interactions such
as annotation and highlighting. However, despistrictions and demonstrations, vast majority of the
students chose not to use these features. Intentteat we have conducted with students suggested th
students still summarized videos — however, theyselto do so outside the dedicated interface (Btind
for review, 2019). This may have been caused bgilitsaissues with the (blinded for review)
hypervideo player, or because most conventionaosayers (e.g., Netflix, Vimeo, and YouTube) do
not support video annotations, and thus studenysnoibe used to annotating videos. However, a more
significant explanation is one of information maeagnt. Students preferred to have the video
summaries available to them in their personal ramkptogether with other sources of informationhea

than being left on the video player (Blinded foriesv, 2019). The current study, which was limited t
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clickstream data from the video interface, fallerslof analyzing these constructive activities. &y,
the study did not evaluate interactive engagenegt,(debating with a peer about the justifications
discussing similarities & differences). This kinflemgagement is clearly beneficial for learning.
However, its support by current technologies, pedas, and workflows is lacking; and when
hypervideo features, such as annotation, are maadkalle, their frequency of use is often low (g.g.
Blinded for review, 2018a; Dorn et al., 2015). Aspwn by this set of studies, within the ICAP
framework, most engagement (or at least most dlieaimn data) focuses on the Active level. More needs
to be done to support and assess more involvedsfofdearning with video. The design of hypervideo
environments targets this gap (Evi-Colombo et24120; Pardo et al., 2015; Risko, Foulsham, Daw&on,
Kingstone, 2012). The benefits of these technokdapend on students overcoming their old halsts, a
demonstrated by the minimal use of constructiverdénces in the current study. Future studies could
investigate instructional designs that promoteratttve engagement, for example, the value of
intentionally designing and integrating questiomsdiscussions on the video content.

Several recommendations for instructional designbmidentified based on the presented results.
At their core, these recommendations recognizestiiaients use video differently depending on their
context. For example, the findings show that sttale@arch much more during exam weeks. During
these times, instructors can post video summafiggedull-length videos. These summaries can lzeda
on the instructors’ priorities, or based on studesarlier viewing activities. Conversely, studestsight
to clarify content more often on first-watches.ttastors could support that in different ways, sash
providing more detailed versions of videos, or dirgg students’ attention to video segments that ar
crucial for understanding. For video systems theluide detailed instructor-facing analytics, instous
could identify areas of confusion and address tiresther interactions with students, such as durin
lectures. In addition, instructors could help tlgirdents better navigate their videos. Two goaliew
associated with navigating video: Orienting onegethe structure of the video during first watcheasd
searching for specific content during rewatcheshBd these activities impose extraneous cognlbeel

that can distract students from the video contsetfi Instructors could provide a table of consesmd/or
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an index that describes the video content by tBoueh tools could help students orient and searuh (a
find) information more effectively. Our final recon@ndation for instructors is based on Study 1.
Conventional video players (such as YouTube) suphctive learning, yet fall short of supporting
Constructive and Interactive learning. For coutbas make heavy use of video, it is recommendeacséo
hypervideo players that can support these typestofities, such as annotation and sharing of
annotations (Evi-Colombo et al., 2020). Some of tearning may also occur offline, for example, by
encouraging students to share, debate, and cotitedistnnotations. All of these suggestions are
especially pertinent in online courses, for whialflew is the main learning resource and in whichestts
are much more strategic in using it.

The study has several limitations. First, our dittanot involve other meaningful activities that
could not be traced by our hypervideo player (@ersonal note-taking, debating or discussing with
peers). The interplay between what happens onlideoline is an important dimension to take into
account for a holistic picture of students’ leagnimith online video (Blinded for review, 2019). B
studies should look into activity that occurs odesof the hypervideo player.

The challenge of interpreting data may be broaugan this study alone. Nearly all activities that
are captured using learning analytics techniguesiethe Active level of the ICAP framework. As the
difference between the Active and Constructive Ieigoften manifested in semantically (e.qg., the
content of students’ notes), inferring which adiés are supporting Constructive learning is diffic
Lacking a technique for semantic analysis, one teagfer meaningful learning may be to move from
analyzing frequencies of activities to sequencash&nalysis can shed light on complex mental
processes, such as meaningful learning (cf. Pérz, 017; Sinha et al., 2014).

Another limitation has to do with the qualitativatare of Study 1. As with all qualitative
research, interpretation depends heavily on thepgetive of the researchers. Repeating a simitarggs,
by different researchers in a different set of sear is of interest. The study seeks to assoaiteckn
observable activities and engagement goals. Sdieremce is always limited. While some associations

are clearer (e.g., between skipping forward anohsking), others would benefit from corroboration,
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possibly through interviews and observations. Dnawin previous work on engagement, especially
theoretically-informed means of measuring engageifeeg., O'Brien & Toms, 2008; 2010) could be a
fruitful line of inquiry for better understandinige different video-based learning activities idigedi in
Study 1. One artifact of our approach is that waesehto focus on the single most common goal fon eac
activity. This, naturally, added noise to the iptetation process. Further, two godlsiéntand
Remembgrwere left without associated activities, and trermoved from Study 2 analysis. While these
goals were found less common in Study 1, their rahfsom Study 2 is a limitation of the study. Lgst
the study was done with a specific player, stylgidéos, and use in class. It is of interest tduate the
dependence of the results on these important fadtike any system, different video players have
different affordances. Also, a well-designed videay be enough to encourage students’ productive
engagement without complicated video viewing atiési The impact of the video player and content on
students’ activities, in order to achieve theirlgpaeed to be further studied.

Improved engagement is one key goal of interver(ftmmford & Miller, 2018; Halverson &
Graham, 2019; Xia & Wilson, 2018). Results fronsthiudy suggest ways in which engagement may be
supported. For example, online learning stud&etrchmore during exam week or when rewatching
previously watched videos, possibly because theyt tearevisit video segments of interest. Thug,rfert
video systems could emphasize certain affordanassdoon contextual variables. For example, orsh fir
watch, they can provide an overview of the videostadents report that they scrub to achieve @t
rewatch, they can ask the students what informaktiey came to observe, turning the overview into a
navigation aid (e.g., previously watched contentHgysame user, previously watched by the clagsin
aggregate, or content that students previouslymetlto). Hypervideo players with novel affordances
have been put forward, such as hyperlinked matketsallow students to jump directly to the video
segment of interest (e.g., Cattaneo et al., 20089 and research suggests these features may help
students navigate videos in a cognitively morecedfit way (e.g., Sauli et al., 2018). The findiingghis
study add to the knowledge base to enhance unddistpof how students engage with video, and how

educational technologies should be designed tstamsjagement goals in a different learning context
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Finally, this study has implications for instrucobtnlike face-to-face lectures, where instructors
can see their students and get instant feedbattke@rinstruction, there are still many challenfgs
instructors in understanding students’ video vieyaetivities (Blinded for review, 2019; Giannakos,
Chorianopoulos, & Chrisochoides, 2015; Kim et214). In teaching with video, there is a distinct
technology gap for instructors to gather informath@cessary to make informed decisions about how to
structure their classes around video (Blinded éotew, 2019). For example, a video in which student
apply manySkimmay be perceived as irrelevant by them. Similalyideo that has more activities that
relate to engagement goals suclCisify may suggest that students struggle to underskendantent of
the video. The ability to unveil this kind of inkiginto how and why students are interacting with
instructional video could then be used as a guiddtir instructors to make adjustments to theichéay.
For instance, an instructor could edit video segsaiere many studenBkim because that is a part of
the video that students feel is irrelevant, bormgalready known to them. Also, an instructor doadld
more slides or explanations wherever studéasify a lot, because that is an interval where studsmets
struggling to understand. Overall, to better supptudent learning, not only we need to descrile& th

activities, but it is also important to understahne rationale for the specific patterns.
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Appendix A: Survey Prompt & Questions

Below are typical activities that students perfavith (blinded for review). For each question, pkeas

choose one or more answers that best explain peemt{s) for doing this activity. Please choose all

answers that apply. If you almost never engageéald these activities, please skip that question.

1. When watching an instructional video, | typicgligusebecause...

a.

b.

C.

d.

e.

| need time to think and reflect on what | just ebed.

| want to write a note.

Something else is grabbing my attention or | nebdeak.

| search for additional information using the wixtbook, and so on.

Other, please specify here:

2. When watching an instructional video, | typicatigtvigate forwards because...

a.

b.

| find the content to be irrelevant, boring, orealdy known to me.

| want to get the gist of the content before | Wetee entire video, to know what to expect and
decide whether to watch it.

| prefer to study the video at my own pace by jumgparound, instead of watching linearly.

Other, please specify here:

3. When watching an instructional video, | typicatigvigate backwardsbecause...

e.

| zoned out or got distracted, and want to make sdid not miss anything.

| did not get the explanation the first time.

It helps me remember the content.

| can start from the end goal and understand ttiethat was taken to get there.

Other, please specify here:

4. When watching an instructional video, | typicatighlight sections of the videdecause...

a.

b.

C.

It helps me remember what is said in the video.
| bookmark content that | want to return to later.

Later, it is easier to review my annotations thanetwatch the entire video.
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d. I mark the first time that important concepts appea
e. Other, please specify here:
5. When watching an instructional video, | typicadignotate on the video itselbecause...
a. |want to add relevant information that is not be video.
b. | wantto remember something important for an assignt or test.
c. | summarize the video to save study time.
d. Notes on (blinded for review) help me find the ara videos.
e. Other, please specify here:
6. When watching an instructional video, | typicadlgarch the filmstrip and/or transcript
because...
a. To locate a specific piece of information to natége.
b. To better understand what is being said in theozide
c. |like to read the transcript while watching theleb.
d. | am looking for a keyword.
e. Other, please specify here:

7. When watching an instructional video, | typicatlyange the playback speefaster and/or

slower) because...
a. The speaker is talking too slow or fast.
b. Speeding up the playback saves me time.
c. | am familiar with the content.
d. | am unfamiliar with the content.

e. Other, please specify here:
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Highlights

This study investigated the impact of learning eahbn students’ engagement with video in onling an

blended courses.

e [Focus on students’ video activity with (blindedfypervideo player that supportssitu annotating and
highlighting.

e A survey identified eight engagement go&tsflect, Flag, Remember, Clarify, Skim, Search, Orient, and
Take a break.

e Analysis of clickstream data found that studentswideo much more adaptively in online courses than
blended courses.

e Limitations of clickstream data for identifying thigr level engagement are discussed.



