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ABSTRACT
Educational videos have become an important part of higher education, providing an im-
portant content-delivery tool in many flipped, blended, and online classes. Effective use of 
video as an educational tool is enhanced when instructors consider three elements: how to 
manage cognitive load of the video; how to maximize student engagement with the video; 
and how to promote active learning from the video. This essay reviews literature relevant 
to each of these principles and suggests practical ways instructors can use these principles 
when using video as an educational tool.

Video has become an important part of higher education. It is integrated as part of 
traditional courses, serves as a cornerstone of many blended courses, and is often the 
main information-delivery mechanism in online courses. Several meta-analyses have 
shown that technology can enhance learning (e.g., Means et al., 2010; Schmid et al., 
2014), and multiple studies have shown that video, specifically, can be a highly effec-
tive educational tool (e.g., Allen and Smith, 2012; Kay, 2012; Lloyd and Robertson, 
2012; Rackaway, 2012; Hsin and Cigas, 2013; Stockwell et al., 2015). Video may have 
particular value for student preparation in biology classes, in part because students may 
find it more engaging (Stockwell et al., 2015) and because it can be well suited to illu-
minating the abstract or hard-to-visualize phenomena that are the focus of so many 
biology classes (e.g., Dash et al., 2016; see Video Views and Reviews features in CBE—
Life Sciences Education for other examples). The medium is not inherently effective, 
however; Guo et al. (2014) have shown that students often disregard large segments of 
educational videos, while MacHardy and Pardos (2015) demonstrate that some videos 
contribute little to student performance. What, then, are the principles that allow 
instructors to choose or develop videos that are effective in moving students toward the 
desired learning outcomes? Consideration of three elements for video design and 
implementation can help instructors maximize video’s utility in the biology classroom:

•	 Cognitive load
•	 Student engagement
•	 Active learning

Together, these elements provide a solid base for the development and use of video 
as an effective educational tool.

COGNITIVE LOAD
One of the primary considerations when constructing educational materials, including 
video, is cognitive load. Cognitive load theory, initially articulated by Sweller (1988, 
1989, 1994), suggests that memory has several components. Sensory memory is tran-
sient, collecting information from the environment. Information from sensory memory 
may be selected for temporary storage and processing in working memory, which has 
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very limited capacity. This processing is a prerequisite for 
encoding into long-term memory, which has virtually unlimited 
capacity. Because working memory is very limited, the learner 
must be selective about what information from sensory mem-
ory to pay attention to during the learning process, an observa-
tion that has important implications for creating educational 
materials.

Based on this model of memory, cognitive load theory sug-
gests that any learning experience has three components. The 
first of these is intrinsic load, which is inherent to the subject 
under study and is determined in part by the degrees of connec-
tivity within the subject. The common example given to illus-
trate a subject with low intrinsic load is a word pair (e.g., blue 
= azul); grammar, on the other hand, is a subject with a high 
intrinsic load due to its many levels of connectivity and condi-
tional relationships. In an example from biology, learning the 
names of the stages of mitosis would have lower intrinsic load 
than understanding the process of cell cycle control. The second 
component of any learning experience is germane load, which 
is the level of cognitive activity necessary to reach the desired 
learning outcome—for example, to make the comparisons, do 
the analysis, and elucidate the steps necessary to master the 
lesson. The ultimate goal of these activities is for the learner to 
incorporate the subject under study into a schema of richly con-
nected ideas. The third component of a learning experience is 
extraneous load, which is cognitive effort that does not help the 
learner toward the desired learning outcome. It is often charac-
terized as load that arises from a poorly designed lesson (e.g., 
confusing instructions, extra information) but may also be load 
that arises due to stereotype threat or imposter syndrome. 
These concepts are more fully articulated and to some extent 
critiqued in an excellent review by deJong (2010).

These definitions have implications for design of educational 
materials and experiences. Specifically, instructors should seek 
to minimize extraneous cognitive load and should consider the 
intrinsic cognitive load of the subject when constructing learn-
ing experiences, carefully structuring them when the material 
has high intrinsic load. Because working memory has a limited 
capacity, and information must be processed by working mem-
ory to be encoded in long-term memory, it is important to 
prompt working memory to accept, process, and send to long-
term memory only the most crucial information (Ibrahim et al., 
2012).

The cognitive theory of multimedia learning builds on the 
cognitive load theory, noting that working memory has two 
channels for information acquisition and processing: a visual/
pictorial channel and an auditory/verbal-processing channel 
(Mayer, 2001; Mayer and Moreno, 2003). Although each chan-
nel has limited capacity, the use of the two channels can facili-
tate the integration of new information into existing cognitive 
structures. Using both channels maximizes working memory’s 
capacity—but either channel can be overwhelmed by high cog-
nitive load. Thus, design strategies that manage the cognitive 
load for both channels in multimedia learning materials prom-
ise to enhance learning.

These theories give rise to several recommendations about 
educational videos (see Table 1). Based on the premise that 
effective learning experiences minimize extraneous cognitive 
load, optimize germane cognitive load, and manage intrinsic 
cognitive lead, four effective practices emerge.

Signaling, which is also known as cueing (deKoning et al., 
2009), is the use of on-screen text or symbols to highlight 
important information. For example, signaling may be provided 
by the appearance of two or three key words (Mayer and John-
son, 2008; Ibrahim et al., 2012), a change in color or contrast 
(deKoning et al., 2009), or a symbol that draws attention to a 
region of a screen (e.g., an arrow; deKoning et al., 2009). By 
highlighting the key information, signaling helps direct learner 
attention, thus targeting particular elements of the video for 
processing in the working memory. This can reduce extraneous 
load by helping novice learners with the task of determining 
which elements within a complex tool are important, and it can 
also increase germane load by emphasizing the organization of 
and connections within the information. Mayer and Moreno 
(2003) and deKoning et al. (2009) have shown that this 
approach improves students’ ability to retain and transfer new 
knowledge from animations, and Ibrahim et al. (2012) have 
shown that these effects extend to video.

The benefits of signaling are complemented by segmenting, 
or the chunking of information in a video lesson. Segmenting 
allows learners to engage with small pieces of new information 
and gives them control over the flow of new information. As 
such, it manages intrinsic load and can also increase germane 
load by emphasizing the structure of the information. Segment-
ing can be accomplished both by making shorter videos and by 
including “click forward” pauses within a video, such as using 
YouTube Annotate or HapYak to provide students with a ques-
tion and prompting them to click forward after completion. 
Both types of segmenting have been shown to be important for 
student engagement with videos (Zhang et al., 2006; Guo et al., 
2014) and learning from video (Zhang et al., 2006; Ibrahim 
et al., 2012).

Weeding, or the elimination of interesting but extraneous 
information that does not contribute to the learning goal, can 
provide further benefits. For example, music, complex back-
grounds, or extra features within an animation require the 
learner to judge whether he or she should be paying attention 
to them, which increases extraneous load and can reduce learn-
ing. Importantly, information that increases extraneous load 
changes as the learner moves from novice toward expert status. 
That is, information that may be extraneous for a novice learner 
may actually be helpful for a more expert-like learner, while 
information that is essential for a novice may serve as an already 
known distraction for an expert. Thus, it is important that the 
instructor consider his or her learners when weeding educa-
tional videos, including information that is necessary for their 
processing but eliminating information that they do not need to 
reach the learning goal and that may overload their working 
memory. Ibrahim et al. (2012) has shown that this treatment 
can improve retention and transfer of new information from 
video.

Finally, the utility of video lessons can be maximized by 
matching modality to content. By using both the audio/verbal 
channel and the visual/pictorial channel to convey new infor-
mation, and by fitting the particular type of information to the 
most appropriate channel, instructors can enhance the germane 
cognitive load of a learning experience. For example, showing 
an animation of a process on screen while narrating it uses both 
channels to elucidate the process, thus giving the learner dual 
and complementary streams of information to highlight features 
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TABLE 1.  Practices to maximize student learning from educational videos

Element to 
consider Recommendation Rationale Examples

Cognitive load Use signaling to highlight 
important information.

Can reduce extraneous load.
Can enhance germane load.

Key words on screen highlighting important elements
Changes in color or contrast to emphasize organization of 

information
Changes in color or contrast to emphasize relationships 

within information
Brief out-of-video text explaining purpose and context for 

video (e.g., learning objective for video)
Use segmenting to chunk 

information.
Manages intrinsic load.
Can enhance germane load.

Short videos (6 minutes or less)
Chapters or click-forward questions within videos

Use weeding to eliminate 
extraneous information.

Reduces extraneous load. Eliminating music
Eliminating complex backgrounds

Match modality by using 
auditory and visual 
channels to convey 
complementary 
information.

Can enhance germane load. Khan Academy–style tutorial videos that illustrate and 
explain phenomena

Narrated animations

Student 
engagement

Keep each video brief. Increases percentage of each 
video that students watch; 
may increase total watch time.

May decrease mind wandering.

Multiple videos for a lesson, each ≤ 6 minutes

Use conversational language. Creates a sense of social 
partnership between student 
and instructor, prompting the 
student to try harder to make 
sense of the lesson.

Placing the student in the lesson by use of “your” rather than 
“the” during explanations

Use of “I” to indicate the narrator’s perspective

Speak relatively quickly and 
with enthusiasm.

Increases percentage of each 
video that students watch.

May increase sense of social 
partnership between student 
and instructor.

Speaking rates in the 185–254 words per minute range
Expressions of instructor excitement, such as “I love the next 

part; the way the feed-forward mechanism works is so 
elegant,” or “Consider how the cell solves this tricky 
problem of needing to regulate three genes in sequence; 
it’s really cool.”

Create and/or package videos 
to emphasize relevance to 
the course in which they 
are used.

Increases percentage of each 
video that students watch.

May increase germane cognitive 
load by helping students 
recognize connections.

Videos created for the class in which they are going to be 
used, with instructor narration explaining links to 
preceding material

Explanatory text to situate video in course

Active learning Consider these strategies for 
promoting active learning:

Packaging video with 
interactive questions.

May increase germane cognitive 
load, improve memory 
via the testing effect, 
and improve student 
self-assessment.

Integrate questions into videos with HapYak or Zaption, as 
described by Obodo and Baskauf (2015)

Follow short videos with interactive questions within an LMS, 
as done by Keithly and colleagues (2015), or within 
Google Forms, as done by Caudel and colleagues (2015)

Use interactive features that 
give students control.

Increases student ownership 
and may increase germane 
cognitive load.

Create “chapters” within a video using HapYak or YouTube 
Annotate

Use guiding questions. May increase germane cognitive 
load, reduce extraneous 
cognitive load, and improve 
student self-assessment.

Senchina (2011) provides guiding questions for videos 
designed to introduce physiology students to professional 
ethics related to experimenter–subject interactions, such 
as the following: “Observe the subject’s behavior and 
responsiveness during the dehydration period. What 
changes as the subject becomes dehydrated? What 
problems does he have? Observe the experimenters’ 
behavior and responsiveness as dehydration progresses. 
What do they do differently? Why?”

Make video part of a larger 
homework assignment.

May increase student motivation, 
germane cognitive load, and 
student self-assessment.

Package videos with a series of questions or problems that 
ask students to apply the concepts from the videos. 
iBiology Education videos (e.g., What Can You Learn with 
a Light Microscope?) provide one example (iBiology, 
2016)
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that should be processed in working memory. In contrast, 
showing the animation while also showing printed text uses 
only the visual channel and thus overloads this channel and 
impedes learning (Mayer and Moreno, 2003). In another exam-
ple, using a “talking head” video to explain a complex process 
makes productive use only of the verbal channel (because 
watching the speaker does not convey additional information), 
whereas a Khan Academy–style tutorial that provides symbolic 
sketches to illustrate the verbal explanation uses both channels 
to give complementary information. Using both channels to 
convey appropriate and complementary information has been 
shown to increase students’ retention and ability to transfer 
information (Mayer and Moreno, 2003) and to increase 
student engagement with videos (Guo et al., 2014; Thomson 
et al., 2014).

STUDENT ENGAGEMENT
Another lens through which to consider educational video is 
student engagement. The idea is simple: if students do not 
watch videos, they cannot learn from them. Lessons on promot-
ing student engagement derive from earlier research on multi-
media instruction and more recent work on videos used within 
MOOCs (massive open online courses; see Table 1).

The first and most important guideline for maximizing stu-
dent attention to educational video is to keep it short. Guo and 
colleagues examined the length of time students watched 
streaming videos within four edX MOOCs, analyzing results 
from 6.9 million video-watching sessions (Guo et al., 2014). 
They observed that the median engagement time for videos less 
than 6 minutes long was close to 100%–that is, students tended 
to watch the whole video (although there are significant outli-
ers; see the paper for more complete information). As videos 
lengthened, however, student engagement dropped, such that 
the median engagement time with 9- to 12-minute videos was 
∼50%, and the median engagement time with 12- to 40-minute 
videos was ∼20%. In fact, the maximum median engagement 
time for a video of any length was 6 minutes. Making videos 
longer than 6–9 minutes is therefore likely to be wasted effort. 
In complementary work, Risko et al. (2012) showed 1-hour vid-
eos to students in a lab setting, probing student self-reports of 
mind wandering four times in each lecture and testing student 
retention of lecture material after the lecture. They found that 
student report of mind wandering increased and retention of 
material decreased across the video lecture (Risko et al., 2012).

Another method to keep students engaged is to use a conver-
sational style. Called the personalization principle by Mayer, the 
use of conversational rather than formal language during mul-
timedia instruction has been shown to have a large effect on 
students’ learning, perhaps because a conversational style 
encourages students to develop a sense of social partnership 
with the narrator that leads to greater engagement and effort 
(Mayer, 2008). In addition, some research suggests that it can 
be important for video narrators to speak relatively quickly and 
with enthusiasm. In their study examining student engagement 
with MOOC videos, Guo and colleagues observed that student 
engagement was dependent on the narrator’s speaking rate, 
with student engagement increasing as speaking rate increased 
(Guo et al., 2014). It can be tempting for video narrators to 
speak slowly to help ensure that students grasp important 
ideas, but including in-video questions, “chapters,” and speed 

control can give students control over this feature—and increas-
ing narrator speed appears to promote student interest.

Instructors can also promote student engagement with edu-
cational videos by creating or packaging them in a way that 
conveys that the material is for these students in this class. One of 
the benefits for instructors in using educational videos can be 
the ability to reuse them for other classes and other semesters. 
When creating or choosing videos, however, it is important to 
consider whether they were created for the type of environment 
in which they will be used. For example, a face-to-face class-
room session that is videotaped and presented within an online 
class may feel less engaging than a video that is created with an 
online environment as the initial target (Guo et al., 2014). A 
video’s adaptability can be enhanced, however: when reusing 
videos, instructors can package them for a particular class using 
text outside the video to contextualize the relevance for that 
particular class and lesson.

ACTIVE LEARNING
As biology educators, we have abundant evidence that active 
learning in the classroom provides clear advantages over pas-
sive encounters with course material through lecture (e.g., 
Knight and Wood, 2005; Haak et al., 2011; Freeman et al., 
2014). Similarly, elements that promote cognitive activity 
during video viewing can enhance student learning from this 
medium (see Table 1).

Schacter and Szpunar (2015) propose a conceptual frame-
work for enhancing learning from educational videos that iden-
tifies online learning as a type of self-regulated learning. 
Self-regulation of learning requires students to monitor their 
own learning, to identify learning difficulties, and to respond to 
these judgments; in other words, it requires students to actively 
build and interrogate mental models, practicing metacognition 
about the learning process. Novices within a field, however, 
have difficulty accurately judging their understanding, often 
overestimating their learning (Bjork et al., 2013). This problem 
may be enhanced when new information is delivered via video, 
which students report as easier to learn and more memorable 
than text (Salomon, 1994; Choi and Johnson, 2005). Incorpo-
rating prompts for students to engage in the type of cognitive 
activity necessary to process information—to engage in active 
learning—can help them build and test mental models, explic-
itly converting video watching from a passive to an active-learn-
ing event. The means to do this can vary, but the following 
strategies have demonstrated success in some contexts.

Package Video with Interactive Questions
Szpunar et al. compared the test performance of students who 
answered questions interpolated between ∼5 min video lectures 
and students who did unrelated arithmetic problems between 
the videos, finding that the students in the interpolated ques-
tion group performed significantly better on subsequent tests of 
the material and reported less mind wandering (Szpunar et al., 
2013). Students who received the interpolated questions also 
exhibited increased note taking, reported the learning event as 
less “mentally taxing,” and reported less anxiety about the final 
test. These results suggest that interpolated questions may 
improve student learning from video through several mecha-
nisms. First, they may help to optimize cognitive load by 
decreasing extraneous load (i.e., anxiety about an upcoming 
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test) and increasing germane load (i.e., note taking, reduced 
mind wandering). Further, interpolated questions may produce 
some of their benefit by tapping into the “testing effect,” in 
which recall of important information strengthens students’ 
memory of and ability to use the recalled information (Roedi-
ger and Karpicke, 2006; Brame and Biel, 2015). Finally, inter-
polated questions may help students engage in more accurate 
self-assessment (Szpunar et al., 2014), an important benefit for 
a medium that students may perceive as “easier” than text. 
Tools like HapYak and Zaption can also allow instructors to 
embed questions directly into video and to give specific feed-
back based on student response. This approach has similar ben-
efits to interpolated questions in increasing student perfor-
mance on subsequent assessments (Vural, 2013) and has the 
additional benefit of making the video interactive (see follow-
ing section).

Use Interactive Features That Give Students Control
Zhang and colleagues compared the impact of interactive and 
noninteractive video on students’ learning in a computer sci-
ence course (Zhang et al., 2006). Students who were able to 
control movement through the video, selecting important sec-
tions to review and moving backward when desired, demon-
strated better achievement of learning outcomes and greater 
satisfaction. One simple way to achieve this level of interactivity 
is by using YouTube Annotate, HapYak, or another tool to intro-
duce labeled “chapters” into a video. This not only has the ben-
efit of giving students control but also can demonstrate the 
organization, increasing the germane load of the lesson.

Use Guiding Questions
Lawson and colleagues examined the impact of guiding ques-
tions on students’ learning from a video about social psychology 
in an introductory psychology class (Lawson et al., 2006). 
Building on work from Kreiner (1997), they had students in 
some sections of the course watch the video with no special 
instructions, while students in other sections of the course were 
provided with eight guiding questions to consider while watch-
ing. The students who answered the guiding questions while 
watching the video scored significantly higher on a later test. 
Guiding questions may serve as an implicit means to share 
learning objectives with students, thus increasing the germane 
load of the learning task and reducing the extraneous load by 
focusing student attention on important elements. This strategy 
is often used to increase student learning from reading assign-
ments (e.g., Tanner, 2012; Round and Campbell, 2013), and it 
can translate effectively to helping students learn from video.

Make Video Part of a Larger Homework Assignment
MacHardy and Pardos (2015) have developed a model relating 
educational video characteristics to students’ performance on 
subsequent assessments. One observation from their analysis of 
Khan Academy videos was that videos that offered the greatest 
benefits to students were highly relevant to associated exer-
cises. This result is supported by results observed in a “teach-
ing-as-research” project at Vanderbilt University (for back-
ground on teaching as research, see www.cirtl.net). Specifically, 
Faizan Zubair participated in the BOLD Fellows program, in 
which graduate students develop online learning materials for 
incorporation into a faculty mentor’s course and then investi-

gate their impact in teaching-as-research projects. Zubair devel-
oped videos on that were embedded in a larger homework 
assignment in Paul Laibinis’s chemical engineering class and 
found that students valued the videos and that the videos 
improved students’ understanding of difficult concepts when 
compared with a semester when the videos were not used in 
conjunction with the homework (Zubair and Laibinis, 2015; see 
also Summary).

The important thing to keep in mind is that watching a video 
can be a passive experience, much as reading can be. To make 
the most of our educational videos, we need to help students do 
the processing and self-evaluation that will lead to the learning 
we want to see.

SUMMARY
Video may provide a significant means to improve student 
learning and enhance student engagement in biology courses 
(Allen and Smith, 2012; Kay, 2012; Lloyd and Robertson, 2012; 
Rackaway, 2012; Hsin and Cigas, 2013; Stockwell et al., 2015). 
To maximize the benefit from educational videos, however, it is 
important to keep in mind the three key components of cogni-
tive load, elements that impact engagement, and elements that 
promote active learning. Luckily, consideration of these ele-
ments converges on a few recommendations:

•	 Keep videos brief and targeted on learning goals.
•	 Use audio and visual elements to convey appropriate parts 

of an explanation; consider how to make these elements 
complementary rather than redundant.

•	 Use signaling to highlight important ideas or concepts.
•	 Use a conversational, enthusiastic style to enhance engage-

ment.
•	 Embed videos in a context of active learning by using guid-

ing questions, interactive elements, or associated homework 
assignments.
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