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With the rise in online and blended learning, massive 

approaches, the use of video has seen a steady increase. 

Although much research has been done, particularly 

focusing on psychological aspects, the educational 

the technology and the emergence of analytics pro-

how videos are used in the curriculum but whether 

their adoption has contributed towards learner en-

Chrisochoides, 2014). Educators are choosing to bring 

videos into their courses in a variety of ways to meet 

their particular intentions. This is occurring not only 

in higher education, continuing professional develop-

Therefore, it is important to evaluate or investigate 

how learners are using and engaging with videos in 

how they are integrated into the curriculum.

The use of videos in the curriculum stems from ear-

lier use of multimedia in learning environments dat-

videos are integrated into the curriculum or identi-

fying methods to investigate how learners use them, 

it is important to consider prior research conducted 

on multimedia learning. This chapter begins with a 

learning and strategies for evaluating learning with 

multimedia. This is followed by methodological con-

siderations including video types, the ways videos can 

be integrated into the curriculum, and the data min-

ing approaches that can be applied to understand use, 

engagement, and learning with videos. The final 

What Do We Know about Learning with 
Multimedia and Interactive Courseware?

are a form of multimedia and therefore this chapter 
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effectiveness for learning. Since the introduction of 

computers and instructional technology in education, 

both the research on and the development of interac-

tive course materials, followed the trends and shifts 

of beliefs in psychological and educational research 

phases/perspectives: 

1. Behaviourist: presenting an objectivist view of 

knowledge and instructional design features fo-

cusing on serial structuring of material, program/

delivery control, and regular review and testing 

the conditions of learning.

2. Cognitive: focusing on the factors affecting ef-

fective learning and teaching with attention to 

information processing and the characteristics 

of the learner, the teachers, and the learning 

3. Constructivist: knowledge-building with a focus 

on the interdependence of social and individual 

processes in the co-construction of knowledge 

In between these often entrenched perspectives, 

instruction affects learning (Lee & Anderson, 2013) 

and, in particular, how much the instructivist and 

constructivist approaches deriving from the three 

perspectives facilitate active learning. According to 

accomplished with a strong set of instructions and 

(Atkins, 1993). Instead, the key weakness of the cog-

nitive orientation is the articulation or provision 

of suitable metacognitive frameworks to support 

learning. Constructivist and connectivist models of 

learning are student-centred in nature and imply a 

level of self-directedness and self-regulation in order 

to navigate through the teaching material to determine 

the most suitable learning pathway. Notwithstanding 

be missing are models of learning appropriate for the 

(Atkins, 1993, p. 252) and this includes videos and 

multimedia.

-

because of their relative ease of adoption and use 

and learning sciences. 

knowledge on multimedia learning accrued over the 

past four decades in the formulation of 12 principles, as 

noted in Figure 22.2. These principles provide insight 

into the way people learn with multimedia, grounded 

in evidence from psychology, instructional design, 

and the learning sciences. Being aware of the positive 

and negative design features and their known effects 

on learning is very important when an instructor is 

integrating videos into their teaching.

Another aspect to consider, described in more detail 

of engagement and how learning relates to patterns of 

engagement. Although Mayer and colleagues demon-

strated the effects of certain features of the medium 

medium is an important aspect. This is mediated not 

only by the characteristics of the medium, but also by 

the individual preferences and approaches to learning, 

which make it quite hard to clearly disentangle the 

relation between the volume or amount of engagement 

with videos (i.e., the interaction) and the learning, 

which is tied to the mode of assessing learning.

Figure 22.1.

• The go-at-your-own-pace feature, which permits a learner to move through the course at a speed commensurate 
with his ability and other demands upon his time

• The unit-perfection requirement for advancement, which lets the learner advance to new material only after 
demonstrating mastery of that which preceded

• The use of lectures and demonstrations as vehicles of motivation, rather than sources of critical information

• 

• The use of proctors, which permits repeated testing, immediate scoring, almost unavoidable tutoring, and a marked 
enhancement of the personal-social aspect of the educational process
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Key Considerations in the Multimedia 
Literature
A recent review of the literature on video-based 

-

eder, 2014) provided a useful overview of the types of 

in Figure 22.3 below.

This provides a good starting point to make sense 

of the most recent research directions, but mostly 

learning and education: 1) perception and attention; 2) 

working memory and memory capacity; 3) cognitive 

load theory; 4) knowledge representation and integra-

tion; 5) learning and instruction (including learning 

styles, approaches, and instructional methods); and 

the theoretical backdrop necessary to understand, 

identify, and select adequate analytics (intended 

here as both methods and metrics) to demonstrate 

the effectiveness of videos for learning. In particular, 

parameters to determine the way in which a learner 

may interact and engage with videos, and the second 

set of three provides useful data to understand the 

way in which learning from and with videos occurs, 

all illustrated in Figure 22.4.

(2014), the notion of effectiveness

learning space (Figure 22.4) and is at the centre of the 

discussion and the evaluation of how effectiveness can 

1. Coherence Principle
than included.

2. Signalling Principle
are added.

3. Redundancy Principle

4. Spatial Contiguity Principle
rather than far from each other on the page or screen.

5. Temporal Contiguity Principle
simultaneously rather than successively.

6. Segmenting Principle
rather than as a continuous unit.

7. Pre-training Principle -
teristics of the main concepts.

8. Modality Principle

9. Multimedia Principle

10. Personalization Principle
rather than formal style.

11. Voice Principle
voice rather than a machine voice.

12. Image Principle
added to the screen.

Figure 22.2. Mayer’s (2009) multimedia design principles.

Figure 22.3.
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be applied to instruction, the learners, and the tools 

-

in what an instructor does to facilitate learning to 

respond to the learners, represented under teaching 

methods as noted in Figure 22.3 (Yousef et al., 2014). 

the relationship between both instruction and the 

learner and instruction and the learning tools — i.e., the 

video. In the interaction between instruction and the 

learner, elements such as learning styles, approaches, 

and instructional methods alongside self-regulated 

learning affect the effectiveness of instruction and 

learning. Instruction is affected by the instructional 

methods and cognitive load, and multimedia learning 

theory. The direct relation between the instruction 

and the instructional tools such as the resources, 

activities, supporting and evaluation tools — in this 

particular case the use of videos — is partly present in 

but the important reference to the learner is missing, 

especially when students not only consume videos, 

Reponen, 2014). Finally, the dual relationship between 

the learning and the video is affected by learners’ per-

ception, attention, their working memory and capacity 

as well as their preferences driven by the affordances 

of the videos. Figure 22.4 also shows some key metrics 

that could be applied to investigate the relationships 

between instruction, the learner, and the video when 

measuring effectiveness.

Evaluation Methods to Investigate the 
Effectiveness of Videos on Learning
In order to evaluate the effectiveness of multimedia 

studies, a plethora of published research proposes a 

comparative approach

with the latest innovations in instructional technolo-

studies have a certain appeal and credibility, research 

-

tal designs comparing instructional technologies 

have produced very few useful outcomes. Literature 

-

comparative studies since the 1980s — initially with a 

focus on videodiscs and interactive videos, and later 

with computer-based instruction, video animations, 

documentaries, and video-recorded presentations 

learning has been well represented by the opposing 

the instructional methods embedded in the media 

activates, supplants, or compensates for the cognitive 

Figure 22.4. Interconnections between the learner, instruction, and video with reference to some of the key 
metrics used in the literature.
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1994) argues that media and methods are intertwined 

and dependent on each other:

From an interactionist perspective, learning with 

media can be thought of as a complementary 

process within which representations are con-

structed and procedures performed, sometimes 

by the learner and sometimes by the medium 

-

ful new methods, and our methods must take 

appropriate advantage of media’s capabilities 

state of affairs, but is always and foremost challenged 

scientist turns into an advocate when statistically 

-

cate, with the big wrench in hand, sets out to solve, 

suddenly, a relatively restricted number of problems. 

That is, all of the formerly many diverse problems, 

now seem to be soluble with the new big wrench (or 

-

clusively on one method of evaluation, (e.g., analytics) 

learning with and from videos in education. Instead, 

a range of approaches should be used to investigate 

and evaluate use, engagement, and learning with vid-

Video Types

varied pedagogical opportunities to engage learners 

-

ed, and online learning modes. There are two broad 

categories of video use: synchronous and asynchro-

nous. The former provides a real-time opportunity for 

learners and instructors to engage with one another 

simultaneously through virtual classrooms, live web-

casts, or video feeds. The latter supports self-paced 

learning and is primarily an individual interaction 

between the medium and the learner. Asynchronous 

videos are becoming more common and vary from 

the capture of an in-class lecture, to the recording of 

an educator’s talking head or their audio of a lecture 

accompanied by slides or images illustrating core 

concepts (Owston, Lupshenyuk, & Wideman, 2011). 

Such lecture videos can be a variety of durations and 

have become more mainstream with the introduction 

of automatic lecture recordings in many lecture halls 
1, Open-

cast2,  and Kaltura3

required of the educator to produce the videos. While 

to learners as supplemental resources, many educators 

information-transmission is done through required 

video lectures prior to class time, providing time in 

class for collaborative and active learning activities. 

Further, lecture videos have also gained momentum 

with their recent availability through streaming plat-

forms such as YouTube, Apple’s iTunes U program, 

and the Khan Academy where a vast variety of videos 

covering various disciplines and concepts are avail-

able. MOOCs have also contributed to the widespread 

adoption of lecture videos. For many MOOC providers 

(e.g., Coursera, Udacity, EdX), a core functionality is 

the provision of video streaming, providing much of 

2015). These particular MOOCs, which focus heavily 

on video lectures and individual mastery of content 

cognitive-behaviourist approach, often referred to as 

since 2012 (Margaryan, Bianco, & Littlejohn, 2015). While 

in many cases higher education videos are the result 

of live recording with what is available (i.e., automatic 

lecture recording or desktop recording using screen 

capture and audio recording), in MOOCs, videos tend 

to be scripted, recorded, and edited with high-end 

2013; Kolowich, 2013).

Lecture videos are not the only type of educational 

-

cordings of learners’ own performances or engagement 

instructor feedback, and goal-setting purposes. For 

-

ings of their own teaching scenarios and made notes 

or markers on particular segments for their own 

peers facilitated by video annotation software such 

as the Media Annotation Tool (MAT) (Colasante, 2010, 

and critical analysis has also been used in medical 

education whereby learners view recordings of their 

their behaviour and note areas of improvement linked 
1

2 Opencast http://www.opencast.org
3 Kaltura http://corp.kaltura.com

METHODOLOGICAL CONSIDER-
ATIONS
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In the performing arts discipline, videos of learners’ 

with video annotation software, CLAS, for learners 

to make time-stamped and general comments related 

Video in the Curriculum
Although videos are included in the curriculum in 

various ways, it is not often transparent whether 

the integration of videos into the course has been 

classroom approaches or MOOCs, or used for re-

to understand how learners engage with the videos 

have been conducted in various educational settings 

of the earlier studies have largely relied on learners’ 

and educators’ self-reports rather than objective data. 

Relying solely on self-reports can lead to potential 

inaccurate recall of learners’ prior behaviour (Winne 

rather than the most accurate one (Beretvas, Meyers, & 

analytics and data mining techniques, however, can 

provide more objective and authentic data regarding 

-

Hence, mining the data from learners’ use of videos as 

a complement to other data sources (e.g., assessment 

Chrisochoides, 2015) can help begin to uncover how 

learners actually use videos and how they contribute 

clickstream data available from learners’ use of videos, 

which can be termed video analytics, has become 

more readily available in recent years from streaming 

(Udacity, Coursera, FuturLearn, EdX).

video analytics as the collection, 

measurement, and analysis of data from learners’ use 

of videos for the purposes of understanding how they 

the opportunity to mine learners’ actual use of the 

videos alongside data collected from other online 

when and how learners engage with the videos and 

their associated activities. Aggregating such data with 

performance measures (e.g., grades or scores) can 

help identify any impact on learning outcomes while 

collecting information about learners’ intentions or 

learner use. Collectively, these varied data sets can 

help reveal whether learners are engaging or using 

video technologies as intended by the course design 

or if further revisions to the pedagogical approach 

are required to better meet the intended outcomes of 

studying learner use of video technologies (using 

video analytics alongside other data collection meth-

ods) to begin to understand patterns in learning and 

engagement.

patterns, trends, or relationships (Witten & Frank, 

is done through a combination of tools and methods 

algorithms driving the mining process derive from a 

machine learning: the broad categories of machine 

learning and the algorithms associated with these 

are represented in Figure 22.5.

and video. This is partly because of the relative ease in 

creating new content and the availability of web-based 

video streaming services to distribute videos. When 

one looks at applications and mining techniques for 

videos, there are two major strands of work: 1) making 

Figure 22.5 provides an overview of the connections 

of machine learning algorithms and applications ap-

plicable to video analytics. It provides a distinction 

between supervised and unsupervised machine learn-

(e.g., learners’ interaction with video content and their 

or frame analysis), different families of algorithms are 

more appropriate for making sense of the data.

In this chapter, we will not dwell on the effectiveness 

DATA MINING APPROACHES TO 
VIDEOS
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of video content mining, giving particular attention 

and features used in the analysis.

Mining Applied to Content

leverages advances in automated content-based meth-

odologies such as visual pattern recognition (Antani, 

& Modena, 1999), and human-driven action (Avlonitis, 

Karydis, & Sioutas, 2015; Chorianopoulos, 2012; Risko 

et al., 2013). The latter can be individual use of video 

resources or the social metadata (tagging, sharing, and 

make sense of video content, is based on three main 

steps: 1) video parsing, 2) abstraction, and 3) content 

navigation (or searching within content) and summa-

The relevance of this work can be seen in the ability to 

the methods to integrate this medium with teaching 

learners to key points in a video or providing learners 

with ways to regulate their own learning with videos 

contents or glossary to allow learners to jump to the 

most relevant part of video. One way of providing this 

is using video annotation software, which provides 

particular time-stamped parts of a video for later 

review and to gauge their learning in relation to oth-

that new users of websites and applications tend to 

2011), this creates interesting design problems and 

questions: by aggregating learner engagement or use 

learners provide automated or user-driven instruc-

learners or is the adoption of machine learning more 

-

munities), the problem of knowledge representation 

and transfer remains a crucial one.

Another source of accessible metadata about videos 

came about with assistive technologies and the synching 

displays both video and transcripts on the same page, 

whilst YouTube has recently introduced an automatic 

caption tool to create subtitles.

Mining Applied to Usage: Logs of Activity 
to Measure Interaction

of video technologies and the analysis to understand 

learning processes or engagement is still at an early 

stage both in terms of a research discipline (e.g., learning 

Figure 22.5. Interconnections between the learner, instruction, and video with reference to some of the key 
metrics used in the literature.
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analytics and educational data mining) but also in terms 

of how it is used to inform teaching practice. As noted 

needed to advance the area. Yet, there are a growing 

engage with video technologies using educational data 

mining and learning analytics methods alongside more 

traditional data collection approaches (e.g., question-

naires, observations, and interviews). To provide an 

from 2000 onward mentioning video or multimedia 

learning. The additional criterion required was at least 

-

In Table 22.1, we introduce studies that have used 

studies using the algorithm categories and application 

types noted on Figure 22.5.

earlier with studies that use the comparative approach 

or studies that apply data mining techniques classed 

type, referring to work, has been added, which used 

the data and variables not to inform the learning and 

of use and interaction with videos.

Moving from Usage to Engagement
As seen in the previous section, a number of studies 

investigate what learners do with videos. However, in 

engagement

learning and teaching, it is essential to consider what 

a learner could click on the play button of a video 

and then walk away to make coffee. The video would 

still be playing, and logging this activity as usage; 

however, the learner would be not be engaged with 

the activity. This poses a challenge when interpreting 

task is not simple to interpret in an ecologically valid 

real learning might occur in highly noisy conditions 

device on a busy commuter bus (Chen, Seilhamer, 

Bennett, & Bauer, 2015).

technologies can partly circumvent this problem. For 

an opportunity to check whether learners have un-

derstood concepts in the video or how they perceive 

engagement, but also a view on the effectiveness of the 

videos for learning. Most MOOC providers offer some 
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Table 22.1.
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NOTES

Overall usage Navigation In-video behaviours

Tagging/Flagging Annotation re

Social Interaction Learning design

Satisfaction and Perceived effectiveness

User information Assessment Con-

tent-related

Table 22.1 (cont.).

to studying in-video behaviours, testing the affordances 

combinations. The SocialSkip web application (http://

www.socialskip.org ) allows instructors to test different 

scenarios and see the results on students’ navigation 

characteristics interacting with the learner, the task 

characteristics are dependent on the instructional 

design that employs them and therefore shapes the 

type of engagement possible with the medium, which 

can be directly tested with analytics.

Gauging Learning from Usage and En-
gagement
There is evidence that some learners like the oppor-

tunities provided by video (Merkt, Weigand, Heier, & 
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Schwan, 2011) and, under certain conditions and with 

particular designs, videos lead to better learning (using 

better retention and recall (Mayer, Heiser, & Lonn, 

2001), but the issue of transfer is a serious weakness 

in most studies. How do we go about demonstrating 

facilitates deep learning, can videos provide this op-

The discussion about whether it is possible to deter-

mine whether learning occurs based on the level of 

engagement with videos is a tricky one. Earlier we 

considered simple time on task as an ineffective way 

to measure engagement. In fact, engagement in learn-

behavioural, physical, social, and cultural. The dimen-

sions most relevant when considering the use of 

videos are strictly intertwined with the nature of use 

and integration in the curriculum and, therefore, the 

learning is dependent on the learning design and the 

technology available.

-

ers’ use of videos alongside surveys can help capture 

the metrics related to the intellectual, emotional, 

and cultural dimensions of learning such as whether 

motivation towards watching them. With the addition 

-

and sharing of video tagging and annotation, the social 

dimension can be considered; if videos are used in the 

classroom, there is opportunity to understand the ef-

fects of the physical environment on learning. One of 

learning is often student performance or achievement 

directly related to a video). This poses a challenge 

learning achieved through engagement with videos. 

Yet, we can rely on the reported levels of satisfaction 

that learners provide as feedback with the usefulness 

or effectiveness of videos for their learning, providing 

SUMMARY & FUTURE DIRECTIONS

The overview provided in this chapter is meant to 

introduce learning scientists, researchers, educators, 

and others interested in investigating the impact of 

videos on learning, use, and engagement to prior ap-

and hypothesis.

The chapter has provided an overview of the types of 

potential videos used for educational purposes and the 

various ways they can be integrated into the curriculum 

(alongside more traditional approaches) about learner 

use, engagement, and learning with videos is discussed 

with a short summary of approaches reported in recent 

studies as a starting point for interested readers to 

This chapter has introduced video analytics and some 

applications showing how this approach can support 

the investigation and evaluation of learner engagement 

and learning with videos. Situating the concept of 

videos in the curriculum within multimedia learning 

provides a theoretical foundation for considering the 

ways in which multimedia (and videos) are included 

in learning and teaching and how they have histor-

ically been evaluated for their effectiveness. As we 

not be as appropriate as a combination of methods 

and approaches.

evaluation of the effectiveness of multimedia and 

on the studies and strategies to date and leveraging 

the growing body of data being captured by video 

technologies provides an opportunity to investigate 

a milieu of questions not limited to the following:

1. How do learners use, engage with, and learn 

video analytics, learner feedback, and instructor 

Figure 22.6. Elements of engagement in learning and 
teaching.
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