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In 4 experiments, participants viewed a short video-based lesson about how the Doppler effect works.
Some students viewed already-drawn diagrams while listening to a concurrent oral explanation, whereas
other students listened to the same explanation while viewing the instructor actually draw the diagrams
by hand. All students then completed retention and transfer tests on the material. Experiment 1 indicated
that watching the instructor draw diagrams (by viewing the instructor’s full body) resulted in significantly
better transfer test performance than viewing already-drawn diagrams for learners with low prior
knowledge (d ⫽ 0.58), but not for learners with high prior knowledge (d ⫽ ⫺0.24). In Experiment 2,
participants who watched the instructor draw diagrams (by viewing only the instructor’s hand) significantly outperformed the control group on the transfer test, regardless of prior knowledge (d ⫽ 0.35). In
Experiment 3, participants who watched diagrams being drawn but without actually viewing the
instructor’s hand did not significantly outperform the control group on the transfer test (d ⫽ ⫺0.16).
Finally, in Experiment 4, participants who observed the instructor draw diagrams with only the
instructor’s hand visible marginally outperformed those who observed the instructor draw diagrams with
the instructor’s entire body visible (d ⫽ 0.36). Overall, this research suggests that observing the instructor
draw diagrams promotes learning in part because it takes advantage of basic principles of multimedia
learning, and that the presence of the instructor’s hand during drawing may provide an important social
cue that motivates learners to make sense of the material.
Keywords: multimedia learning, observational learning, embodiment, social agency

scientific research. In short, research is needed to determine the
extent to which presenting static visuals or drawing visuals by
hand differentially impact student learning.
The present study postulates that observing an instructor draw
diagrams—that is, observing the dynamic creation of static visuals—makes use of effective instructional methods not afforded
when students only view static visuals, thereby resulting in deeper
learning. In a series of four experiments, participants viewed a
short video-based lesson about how the Doppler effect works.
Some students viewed already-drawn diagrams while listening to a
concurrent verbal explanation, whereas other students listened to
the same explanation while viewing the instructor actually draw
the diagrams. All students then completed retention and transfer
tests on the material.
The primary goal of this research is to address whether students
benefit from observing the instructor draw diagrams during a
lesson. This research also aims to determine the extent to which the
effects of observing the instructor draw are explained by basic
principles of multimedia learning—such as signaling, segmenting,
and temporal contiguity (Mayer, 2009, 2014a)—and whether observing the instructor draw provides important social cues that
promote learning. In particular, the current study aims to pinpoint
the specific cues provided by instructor drawing that contribute to
learning—such as observing the act of drawing, viewing the instructor’s body, and viewing the instructor’s hand. Finally, this
research aims to provide practical implications for a fundamental
issue of instructional design by testing the conditions under which
instructors should consider drawing diagrams by hand rather than

Instructors generally use one of two approaches for presenting
visuals (e.g., diagrams, charts, graphs, flowcharts) to students. One
approach is to present static visuals and then to provide an oral
explanation of what is presented. For example, a physics professor
may display a diagram of the Doppler effect on a PowerPoint slide
and then orally explain the diagram to the class. The other approach is to dynamically draw the visuals by hand while providing
an oral explanation of what is being drawn. For example, the
physics instructor may draw the diagram of the Doppler effect on
a whiteboard while simultaneously explaining the drawing to the
class. Unfortunately, the decision of whether to present static
visuals (e.g., on a PowerPoint slide) or to draw visuals by hand
(e.g., on a whiteboard) is likely made based on personal preference, convenience, intuitions, or fads, rather than on rigorous
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presenting static diagrams, such as when providing students with a
classroom lecture or an online lesson. Overall, this research contributes both to a theoretical understanding of how incorporating
instructor drawing within multimedia lessons impacts learning,
and to a ubiquitous practical issue in the design of face-to-face and
online instruction.
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Literature Review
According to Clark (1994, 2001), the instructional media used to
present material to students does not cause learning; rather, it is the
instructional methods that cause learning. For example, learning
the same material from a computer-based lesson or from a textbook is not, on its own, likely to result in different learning
outcomes. At the same time, some instructional media may offer
unique affordances for the use of effective instructional methods.
For example, computer-based instruction allows for the provision
of immediate and individualized feedback—a highly effective
instructional method that is not easily afforded by a textbook.
Thus, the choice of which medium to use depends on the extent to
which it makes use of instructional methods that promote learning.
The current research is based on the idea that observing an instructor draw diagrams during a concurrent oral explanation makes
use of instructional methods that are not present when instructors
orally explain equivalent (e.g., already-drawn) static visuals. Existing literature related to multimedia learning and observational
learning provides insight into why observing an instructor draw
should result in meaningful learning outcomes, and under what
conditions. The following subsections discuss this research and
how it relates to the potential instructional benefits offered by
observing instructor drawing.

Multimedia Learning
Multimedia learning involves learning from pictures and words
(Mayer, 2009, 2014a)—for example, learning from a narrated
PowerPoint presentation, an illustrated textbook lesson, or a computer game. Research on multimedia learning has identified several principles for effectively presenting words and pictures to
promote meaningful learning outcomes. According to the cognitive theory of multimedia learning (Mayer, 2009, 2014a), each of
the principles is designed to support cognitive processing necessary for meaningful learning, including selecting the most important information, organizing it into a coherent representation, and
integrating it with existing knowledge. The present study tests the
proposal that observing an instructor draw diagrams during a
lecture may promote learning in part because it inherently adheres
to several of these principles—in particular, the signaling principle, the temporal contiguity principle, and the segmenting principle.
Signaling. The signaling principle states that students learn
better when a multimedia lesson contains verbal or visual cues to
direct cognitive processing toward the most relevant information
(Mayer & Fiorella, 2014). For example, signaling methods include
the use of arrows, pointing, highlighting, headings, and numbering.
In an exemplary study by Mautone and Mayer (2001), college
students learned about how airplanes achieve lift from a narrated
animation that included essential content as well as extraneous
information, including irrelevant facts about planes and exces-

sively detailed graphics. Some students learned from a signaled
version of the lesson, which involved stressing key words in
speech, adding colored arrows to the animations, adding outlines
and headings, and adding a map to show which part of the lesson
was being presented. Other students learned from the same lesson
but without the signaling features. Results indicated that students
who received the signaled version of the lesson performed better
on a subsequent problem-solving transfer test of the material (d ⫽
.74). Thus, adding signaling features to a lesson may help learners
better select and organize relevant pictures and words into a
coherent cognitive structure, thereby resulting in deeper learning.
In a recent review, Mayer and Fiorella (2014) report positive
support for signaling in 24 of 28 experimental comparisons, yielding a small-to-medium median effect size of d ⫽ .41. Further,
signaling may be particularly useful for learners with relatively
low prior knowledge (Naumann et al., 2007), when the presentation is relatively complex (Jeung, Chandler, & Sweller, 1997), and
when signaling methods are used sparingly rather than excessively
(Stull & Mayer, 2007). In other words, moderate use of signaling
techniques may help guide cognitive processing of lowerknowledge learners.
The signaling principle relates to observing an instructor draw
diagrams because the instructor’s hand may serve as a visual cue
that directs learners’ attention toward relevant parts of the diagrams during a lesson. Thus, learners who view the instructor draw
may be better able to select which components of the diagrams are
most important compared with learners who view static, alreadydrawn diagrams. This suggests signaling may account for at least
some of the predicted benefits of observing an instructor draw.
Temporal contiguity. The temporal contiguity principle
states that students learn better from narrated animations when the
narration is presented at the same time as the corresponding
instructional visuals, rather than before or after the visuals are
presented (Mayer & Fiorella, 2014). In an exemplary study by
Mayer and Anderson (1991), students learned about how a bicycle
tire pump works from either a synchronized lesson—in which the
words of the narration were synchronized with the animation— or
from a successive lesson—in which the words of the narration
were presented before or after the animation. In two experiments,
results indicated that students who learned from a synchronized
lesson performed better on a subsequent problem solving transfer
test of the material than students who learned from a successive
lesson (Experiment 1: d ⫽ .92; Experiment 2a: d ⫽ 1.14). This
suggests presenting words and pictures simultaneously during a
multimedia lesson helps students better integrate the verbal and
pictorial information into a coherent representation during learning.
Mayer and Fiorella (2014) report positive effects for temporal
contiguity in nine of nine experimental tests, yielding a large
median effect size of d ⫽ 1.22. This effect may be strongest for
longer lessons (Mayer & Moreno, 2003), for material that is
relatively complex (Ginns, 2006), and when the lesson is relatively
fast-paced and under system control (Michas & Berry, 2000).
Thus, learners are likely to benefit from temporal contiguity when
they do not have direct control of the pace or length of a lesson.
The temporal contiguity principle relates to observing instructor
drawing because diagrams are drawn concurrently with the instructor’s oral explanation. Learners who view the instructor draw
diagrams while listening to a concurrent oral explanation may be
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better able to integrate the words and corresponding parts of the
diagrams into a coherent representation than learners who listen to
an oral explanation while viewing diagrams that are already drawn.
This suggests temporal contiguity represents another factor potentially contributing to the effects of observing an instructor draw,
particularly because it helps students build connections between
multiple representations (e.g., Ainsworth, 2014).
Segmenting. The segmenting principle states that people learn
better when a multimedia lesson is presented in manageable parts
rather than as a continuous unit (Mayer & Pilegard, 2014). For
example, segmenting may involve breaking down a narrated animation into several parts and allowing the learner to control when
the lesson continues to the next part. In an exemplary study by
Mayer and Chandler (2001), students learned about the process of
lightning formation from either a segmented or an unsegmented
lesson. The segmented lesson was separated into 16 parts; after
each part, the lesson was paused and participants clicked a button
to continue to continue the lesson. The unsegmented lesson was
presented as one continuous unit. Results indicated that students
who learned from the segmented lesson performed better on a
subsequent problem solving transfer test than students who learned
from the unsegmented lesson, yielding a large effect size of d ⫽
1.13. This suggests that breaking down a lesson into more manageable parts helps learners process each part individually before
moving on to the next part.
In a recent review, Mayer and Pilegard (2014) report positive
effects for segmenting in 10 of 10 experimental tests, yielding a
median effect size of d ⫽ .79. This effect appears to be strongest
for learners with relatively low prior knowledge, when the material
is complex, and when the lesson is fast-paced. In short, segmenting
may help low-knowledge learners process complex material by
presenting the material part-by-part rather than all-at-once.
The segmenting principle relates to observing an instructor draw
diagrams because the diagrams are drawn one at a time rather than
presented to students all at once. This may allow learners to better
process each component of the lesson before being presented with
the next diagram. In contrast, viewing already-drawn diagrams
may overload learners if they try to make sense out of all of the
diagrams simultaneously. Thus, segmenting may also help explain
the predicted benefit of observing an instructor draw compared
with viewing already-drawn diagrams.

Basic Multimedia Principles and Observing Instructor
Drawing
As shown in Table 1, each of the principles discussed above
explains why observing an instructor draw diagrams during a

concurrent oral explanation should result in better learning than
viewing already-drawn diagrams, based on the cognitive theory of
multimedia learning (Mayer, 2009, 2014a). At the same time, the
signaling, temporal contiguity, and segmenting principles can also
be applied to learning from diagrams that are not drawn by the
instructor. Thus, the present study is also interested in whether
observing an instructor draw provides important social cues that
promote student learning, such as by observing the act of drawing,
viewing the instructor’s body, or viewing the instructor’s hand
during drawing. Research related to observational learning suggests that these types of cues may provide important learning
benefits—potentially beyond those associated with basic principles of multimedia learning— due to reduced cognitive demands
and increased learner motivation.

Observational Learning
Observational learning consists of learning by viewing and
interpreting the actions of others (Bandura, 1986)—for example,
viewing an instructor solve a math problem on the board, or
viewing someone demonstrate how to create origami figures. It
also can include learning by interpreting social cues, such as
learning from human gestures or actions, or from computer-based
pedagogical agents. Research on observational learning relates to
watching the instructor draw diagrams because the act of drawing
may provide social cues that help students connect the instructor’s
hand movements to relevant cognitive processes necessary for
understanding the material. Thus, observing instructor drawing
may offer benefits beyond those associated with conventional
instruction (such as basic multimedia principles).
Learning from teacher modeling. Observing the instructor
draw is somewhat related to teacher modeling, which occurs when
a relative expert demonstrates and discusses the steps required for
solving a problem to a student. Research on modeling suggests that
students at early stages of skill acquisition generally learn better
from watching a model complete a task than from attempting to
complete the task on their own. For example, in a classic study by
Schunk (1981), elementary schoolchildren received instruction on
division operations either through observing teacher modeling of
problem solving strategies or through studying the same principles
on their own. Results indicated that students receiving modeling
instruction showed greater achievement gains. Other studies have
shown similar benefits of modeling, such as improving college
students’ self-regulatory skills during writing (Zimmerman &
Kitsantas, 2002) and promoting collaborative behavior (Rummel,
Spada, & Hauser, 2009). Modeling may also serve to enhance
students’ self-efficacy, particularly when the model is perceived as

Table 1
Basic Principles of Multimedia Learning and Observing Instructor Drawing
Principle

3

How it works

How it applies to observing drawing

Signaling

Directs attention to relevant information

Temporal contiguity

Integrates words and pictures in time

Segmenting

Breaks down material into manageable
parts

Hand directs attention to the relevant
visual information
Visuals drawn concurrent with
verbal explanation
Visuals drawn one at a time rather
than presented all at once
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a peer (Schunk & Hanson, 1985) and when the model exhibits
coping behaviors during instruction rather than mastery of the
material (Schunk, Hanson, & Cox, 1987). In short, observing a
model perform a task can offer both motivational and learning
benefits beyond conventional instruction.
According to cognitive load theory (Paas & Sweller, 2014;
Sweller, Ayres, & Kalyuga, 2011), learning from instructor modeling is effective in part because watching an expert solving a
problem helps prevent learners from engaging in extraneous cognitive processing that is irrelevant to the instructional goal. Instead,
cognitive resources can be allocated toward attending to relevant
behaviors of the model and abstracting general problem-solving
principles that can be applied to new situations (Renkl, 2014).
Further, benefits of modeling may be explained in terms of a more
fundamental human predisposition to learn from others. Because humans have presumably evolved to observe and imitate
the behaviors of others, learners may be able to actively interpret
the actions of a model without the risk of cognitive overload (Paas
& Sweller, 2012). Thus, learners may benefit from instruction that
involves observing task-relevant human movements (such as instructor drawing). This possibility has more recently been explored
by research on learning from dynamic visuals.
Learning from dynamic visuals. Observing the instructor
draw relates to learning from dynamic visuals such as animations,
simulations, and video because it involves the dynamic creation of
visuals. Dynamic visuals are often employed to teach students
about how scientific processes or mechanical systems work because of their ability to explicitly display temporal change (Derry,
Sherin, & Sherin, 2014; Lowe & Schnotz, 2014). Although such
methods aim to help students directly perceive the movements and
relations of components within a system, animations are often no
more effective or even less effective than equivalent static visuals
(e.g., Mayer, Hegarty, Mayer, & Campbell, 2005; see Hoffler &
Leutner, 2007 for a meta-analysis). According to cognitive load
theory, this may be in part due to the transient nature of the
information presented, which forces learners to maintain and integrate previously presented material with newly presented material, thereby risking extraneous cognitive overload (Leahy &
Sweller, 2011). Consequently, researchers have investigated ways
to mitigate the transient information effect, such as by allowing
learners to control the pace or otherwise interact with aspects of
the presentation (e.g., Bodemer, Ploetzner, Bruchmuller, &
Hacker, 2005; Scheiter, 2014).
There are some situations in which learning from animations
can be more effective than learning from static visuals (Hoffler &
Leutner, 2007). In particular, dynamic visuals are generally most
effective when they involve some form of human movement that
demonstrates how to perform a task. For example, studies have
found positive effects for dynamic visuals when a human model
demonstrates how to tie a knot (Ayres, Marcus, Chan, & Qian,
2009), how to perform an emergency procedure (Arguel & Jamet,
2009), and how to create origami figures (Wong et al., 2009).
These findings suggest that the cognitive demands of processing
transitory information from dynamic visualizations may be by
passed when instruction incorporates human movement (particularly involving hand movements) to teach procedural tasks.
One explanation for the human movement effect is that it takes
advantage of an evolved human bias to learn from observing others
engage in action (Paas & Sweller, 2012; Sweller, 2008). Thus,

observing the actions of others may not be as cognitively demanding as observing the movements involved in a scientific process or
a mechanical system. This explanation is grounded in embodied
theories of cognition and instruction (e.g., Barsalou, 2008; Glenberg, 2008), which posit that observing human movements, such as
watching a human model’s hands perform a task, facilitate connections between the observed action and the cognitive processes
(e.g., goals and intentions) underlying those actions (van Gog,
Paas, Marcus, Ayres, & Sweller, 2009). For example, a recent
study by Marcus, Cleary, Wong, and Ayres (2013) found that
while animations involving human movement were superior to
providing students with equivalent static graphics (consistent with
the human movement effect), animations showing the model’s
hands had higher instructional efficiency (i.e., lower cognitive load
required for same level of performance) than animations that did
not show the model’s hands. This result is in line with the idea that
observing human hands perform a task may provide unique cognitive benefits (e.g., Brockmole, Davoli, Abrams, & Witt, 2013) by
activating the embodied cognition system (Castro-Alonso, Ayres,
& Paas, 2014).
Some researchers have expounded further on this embodied
account of learning from dynamic visuals and implicate activation
of a human “mirror neuron” system, for which observing the
actions of others presumably involves similar brain activation as
performing the same task oneself (van Gog et al., 2009). Although
the mirror-neuron explanation has been considered “rather speculative” by some (de Koning & Tabbers, 2011, p. 502), it nonetheless appears that “involvement of human movement is key to
understanding dynamic visualizations” (p. 502).
Overall, instructor drawings present a similar but unique form of
instructional visual to students, in that it involves the dynamic
creation of static visuals. Thus, similarly to videos and animations,
instructor drawings involve using multiple representations to explicitly display temporal and spatial change (Ainsworth, 2014;
Derry, Sherin, & Sherin, 2014; Lowe & Schnotz, 2014). Yet
instructor drawings present a somewhat different type of transient
information—that is, the time order in which the drawing was
created. Thus, the dynamic creation of each part of a visual is only
shown temporarily, but once created, it is visible throughout the
lesson. Given that both types of visuals involve dynamic presentations and involve some form of transient information, research
on dynamic visuals may inform the design of dynamically created
static visuals (e.g., instructor drawings). Although much of the
research on the human movement effect in dynamic visuals has
involved watching a model’s hands perform procedural tasks, the
benefits of observing human movement may also extend to teaching conceptual tasks, such as how a scientific process or mechanical system works (de Koning & Tabbers, 2011). One goal of the
proposed research is to test whether observing an instructor draw
diagrams represents one method for taking advantage of the human
movement effect. Further, according to the embodied account of
observational learning, a video of an instructor drawing graphics
while explaining should result in deeper learning that a video
containing the same graphics and narration but without showing
the graphics being drawn by hand.
Learning from social cues. The human movement effect in
learning from dynamic visuals relates to a broader class of research
on the benefits of embedding social cues within instructional
materials—such as cues offered by the instructor’s voice, appear-
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ance, or body movements. For example, research indicates that
providing personalized instructional messages, such as referring to
“your lungs” rather than “the lungs” in a lesson about the human
respiratory system, leads to better student understanding (e.g.,
Mayer, Fennell, Farmer, & Campbell, 2004). According to social
agency theory (Mayer, 2014b)—a subcomponent of the cognitive
theory of multimedia learning (Mayer, 2009, 2014a)—more personalized lessons establish a sense of partnership between the
learner and the instructor, thereby motivating the learner to engage
in cognitive processing necessary for developing a deep understanding of the material. Based on this account, observing an
instructor draw diagrams may promote a sense of partnership
during learning because learners interpret the effort invested by the
instructor to draw diagrams as evidence that the instructor has an
interest in their learning.
Observing the instructor’s hand gestures during instruction may
also provide important social cues that lead to improved learning.
Research by Goldin-Meadow and colleagues (e.g., Singer &
Goldin-Meadow, 2005; see Goldin-Meadow & Alibali, 2013 for a
review) demonstrates that when instructors use gestures to represent problem-solving strategies not directly expressed in their
speech, children are more likely to employ the same strategies
when solving problems on their own. According to GoldinMeadow, information expressed in gestures complements that
which is expressed in speech, which together forms a coherent
message. Gesturing also serves to offload part of the instructional
message onto an alternative representation, which learners can
then integrate with the instructor’s speech. The act of drawing may
similarly serve as a gesture, such that it may contain meaningful
information not directly expressed in the instructor’s oral explanation.
Finally, research on learning from pedagogical agents provides
further support for the benefits of observing gesture and other
social cues during instruction (e.g., Atkinson, Mayer, & Merill,
2005; Mayer & DaPra, 2012). For example, in a recent study by
Mayer and DaPra (2012) students watched a multimedia lesson on
how solar cells work taught by a pedagogical agent that either
provided human-like social cues such as gesturing throughout the
lesson or did not provide social cues. Students who watched the
pedagogical agent engage in gesturing and other human-like
movements performed better on a subsequent transfer test of the
material. Importantly, students benefited even though the agent’s
gestures were generic and did not provide learners with additional
information related to the lesson. This suggests that embodied
forms of instruction, such as observing human-like social cues, can
promote learning even when a human instructor is not physically
present. The present study proposes that observing an instructor
draw diagrams may provide similar social cues—such as from
observing the act of drawing, from viewing the instructor’s body,
or from viewing the instructor’s hand—that help motivate learners
to make sense of the material.

Summary of Past Research
The research discussed above provides several potential factors
that may contribute to the effects of observing an instructor draw
diagrams on learning. First, observing instructor drawing may be
effective largely because it follows basic cognitive principles of
multimedia learning, such as directing learners’ attention toward
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the most relevant information (i.e., the signaling principle), presenting pictures and words simultaneously (i.e., the temporal contiguity principle), or breaking down the material into manageable
parts (i.e., the segmenting principle).
Research on observational learning suggests the presence and
movements of a human instructor may offer additional benefits. As
shown in Table 2, this research provides different yet complementary and overlapping explanations for how learning from others
leads to greater learning than conventional instructional methods,
such as by reducing cognitive demands and increasing learner
motivation. Research on teacher modeling suggests that observing
an instructor draw may help increase student self-efficacy, which
provides learners with a sense that they are capable of developing
an understanding the material. Research on learning from dynamic
visuals suggests that observing an instructor draw may activate the
human embodied cognitive system and take advantage of an innate
human bias to learn from the actions of others. More broadly,
research on learning from social cues suggests that the act of
drawing may help establish a sense of social partnership between
the instructor and the learner. Overall, the observational learning
literature highlights the important role of human presence and
action on student motivation and learning; however, it remains
somewhat unclear which specific social cues are important for
learning. Therefore, the present research aims to (a) test whether
observing instructor drawing promotes meaningful learning outcomes (compared with observing equivalent static diagrams); and
(b) to test the effect of different social cues provided by the
instructor during learning—such as observing the act of drawing,
viewing the instructor’s body, or viewing the instructor’s hand.

Theory and Predictions
Cognitive Theory of Multimedia Learning
According to the cognitive theory of multimedia learning
(Mayer, 2009, 2014a), learners have a very limited processing

Table 2
Theories Related to Observational Learning and Observing
Instructor Drawing
Area

Theory

Teacher modeling

Self-efficacy

Dynamic visuals

Human movement

Social cues

Social agency

Explanation
Watching a model
perform a task enhances
learners’ beliefs that
they are capable of
understanding the
material.
Observing task-relevant
movement takes
advantage of an innate
human bias to learn
from others.
Personalized language and
human-like movements
(e.g., gestures)
establishes a sense of
partnership between the
instructor and the
learner.
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capacity that they must use to engage in cognitive processing
necessary for learning, which includes selecting the most relevant
information from a lesson, organizing it into a coherent cognitive
structure in working memory, and integrating it with prior knowledge activated from long-term memory. Thus, instruction should
serve to minimize cognitive processing irrelevant to the instructional goal— or what is referred to as extraneous processing—
manage cognitive processing necessary for initially representing
the material— or what is referred to as essential processing (and
corresponds to the cognitive process of selecting)—and foster
cognitive processing necessary for making sense of the material— or what is referred to as generative processing (and corresponds to the cognitive processes of organizing and integrating;
Fiorella & Mayer, 2015). Research on learning from multimedia
has identified several instructional principles designed to serve
each of these goals. Observing an instructor draw diagrams during
instruction may promote deep learning largely because it appears
to make use of many of these principles, including signaling,
segmenting, and temporal contiguity, as discussed above. Further,
the effects of observing instructor drawing may be strongest for
learners with relatively low prior knowledge, consistent with several findings from the multimedia learning literature (e.g., Mayer
& Fiorella, 2014; Mayer & Pilegard, 2014).
Research on learning from social cues in multimedia instruction
(Mayer, 2014b) provides a broad basis for why the effects of
observing an instructor draw diagrams may extend beyond basic
principles of multimedia learning. For instance, according to social
agency theory (Mayer, 2014b)—a recent extension of the cognitive
theory of multimedia learning—social cues such as personalized
language, or gestures and other human-like movements help establish a sense of social partnership between the instructor and the
learner. This sense of partnership causes learners to feel that the
instructor has an interest in their own learning, and motivates
learners to engage in deeper cognitive processing necessary for
meaningful learning. Observing the instructor draw diagrams may
provide social cues that contribute to this sense of social partnership— observing the movements associated with drawing, viewing
the instructor’s body movements, or viewing the instructor’s hand.
The present study aims to identify which social cues provided
during instructor drawing may be most responsible for learning.

Cognitive Load Theory
Similar to the cognitive theory of multimedia learning, cognitive
load theory (Paas & Sweller, 2014; Sweller, Ayres, & Kalyuga,
2011) posits that instruction should serve to minimize unnecessary
demands on learners’ limited cognitive resources, and further
emphasizes the critical role of prior knowledge in designing effective instructional materials (Kalyuga, 2014; Kalyuga, Ayres,
Chandler, & Sweller, 2003). Recent modifications to cognitive
load theory provide more precise insight into why benefits of
observing instructor drawing may extend beyond basic principles
of multimedia learning. Specifically, researchers have extended
the theory to incorporate ideas from evolutionary psychology
(Geary, 2008, 2012) and embodied theories of cognition (e.g.,
Barsalou, 2008; Glenberg, 2008), and to investigate their implications for instructional design (Ayres & Paas, 2012; Paas &
Sweller, 2012; Sweller, 2008).

One fundamental modification to the theory includes a distinction between two types of knowledge: biologically primary knowledge—that is, knowledge that humans have evolves to acquire,
such as language, face recognition, and learning from others—and
biologically secondary knowledge—that is, knowledge that humans have not evolved to acquire, such as math and science. The
critical difference between these two types of knowledge is that
while primary knowledge requires minimal cognitive resources to
acquire, secondary knowledge places high demands on learners’
limited cognitive capacity.
One implication of this distinction is that instruction may be
able to use students’ primary knowledge to help teach secondary
knowledge (Paas & Sweller, 2012; van Gog et al., 2009), thereby
reducing cognitive load and enhancing learning. This logic has
been used to explain why learning from dynamic visuals is generally most effective when the visuals involve some form of
human movement (Paas & Sweller, 2012). Learning by observing
the actions of others is assumed to be a form of biologically
primary knowledge, and therefore may be used to help by pass the
cognitive demands typically associated with learning from animations. Thus, observing an instructor draw during a lesson may offer
unique learning benefits— by providing students with important
social cues— compared with lessons that follow basic principles of
multimedia learning but that do not incorporate task-relevant human movements. Furthermore, evidence grounded in embodied
theories of cognition suggests that, in particular, the presence of
human hands may provide unique cognitive benefits (e.g., Brockmole, Davoli, Abrams, & Witt, 2013). Accordingly, showing relevant hand movements during instruction (such as instructor drawing) may help students connect human actions with the necessary
cognitive processes underlying those actions, thereby promoting
learning (Castro-Alonso, Ayres, & Paas, 2014).

Predictions
Based on this analysis, the proposed research broadly predicts
that students who view an instructor draw diagrams during a
concurrent oral explanation will perform better on a transfer test
than students who view equivalent static (i.e., already-drawn)
diagrams while listening to the same oral explanation. We focus on
transfer test performance because our research focus is on whether
the treatment promotes efforts at deeper understanding of the
material and transfer is considered a more suitable measure of
understanding than retention (Mayer, 2011). Observing the instructor draw is not expected to strongly influence retention test
performance because retention involves the ability to recall isolated elements of information (which can be acquired from the
instructor’s words alone), whereas transfer requires students to
develop a coherent representation of the material by integrating the
instructor’s words with their corresponding visuals (Mayer, 2011).
Further, consistent with cognitive learning theories, the benefits of
observing instructor drawing are expected to be strongest for
learners with relatively low prior knowledge. Finally, consistent
with observational learning theories, the benefits of observing
instructor drawing will depend on the extent to which task-relevant
social cues are present during the lesson—such as the presence of
the instructor’s hand during the act of drawing. Specific predictions for each experiment are presented below.
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In Experiment 1, participants watched a brief video-based lesson
on the Doppler effect that involved viewing an instructor draw
diagrams during a concurrent oral explanation (draw group), that
involved viewing the instructor stand next to already-drawn diagrams during the concurrent oral explanation (control group), or
that involved viewing the instructor point to relevant features of
already-drawn diagrams during the concurrent oral explanation
(point group). It was predicted that the draw group would outperform the control and point groups on a subsequent transfer test of
the material. The draw group should outperform the control group
because it takes advantage of basic principles of multimedia learning (such as signaling, segmenting, and temporal contiguity principles), and because it provides task-relevant social cues in the
form observing a human instructor dynamically create the act of
drawing. Further, the draw group should outperform the point
group because, although pointing follows basic multimedia principles, it does not involve dynamically creating the diagrams by
hand.
In Experiment 2, the lesson from Experiment 1 was modified to
only show the instructor’s hand drawing the diagrams (rather than
the instructor’s entire body). This was intended to isolate the
effects of observing the instructor’s hand draw rather than include
social cues associated with the visibility of the instructor’s body
(e.g., facial expressions, eye gaze, gestures), which were present
during the lesson in Experiment 1. Participants either observed the
instructor’s hand draw diagrams during the concurrent oral explanation (draw group), or they viewed already-drawn diagrams during the concurrent oral explanation (control group). Thus, Experiment 2 more precisely tests the prediction that observing an
instructor’s hand dynamically draw diagrams (without the instructor’s entire body visible) improves student understanding.
In Experiment 3, the lesson from Experiment 2 was modified
to show the diagrams being drawn but without the instructor’s
hand physically present. This was intended to determine
whether the presence of the instructor’s hand is necessary as a
social cue for obtaining a benefit for observing instructor drawing. Participants either observed the diagrams being drawn
(without the instructor’s hand visible) during the concurrent
oral explanation (draw group), or they viewed already-drawn
diagrams during the concurrent oral explanation (control
group). If the drawing effect is explained primarily by following basic cognitive principles of multimedia learning, then the
draw group should still outperform the control group on the
transfer test, because the act of drawing involves signaling,
segmenting, and spatial contiguity. However, if the drawing
effect depends on pairing cognitive processes with explicitly
viewing the relevant corresponding social cues (i.e., viewing
the instructor’s hand movements), then the drawing effect
should be eliminated. Broad theories of learning from social
cues (e.g., social agency theory) do not make strong predictions
regarding whether the physical presence of the instructor’s hand
benefits learning. However, embodied theories of cognition and
instruction emphasize the importance of human hands for facilitating the connection between cognitive process and action,
and therefore predict that the drawing effect should not be
present in Experiment 3.
Finally, Experiment 4 aimed to test the effects of observing the
instructor draw diagrams when the instructor’s body is visible
compared with when only the instructor’s hand is visible through-
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out the lesson. Some participants viewed diagrams being drawn by
an instructor while the instructor’s body was visible (draw-body
group), whereas others only viewed the instructor’s hand draw the
diagrams (draw-hand group). Observing only the instructor’s hand
draw diagrams may be sufficient to promote learning, whereas
observing the instructor’s body during the lesson may be unnecessary or even distract learners from attending to the diagrams.
When the instructor’s body is visible, students may be attending to
mostly irrelevant visual information (e.g., the instructor’s face)
rather on the most important visual information (i.e., the instructor’s hand as it draws the diagrams). This may cause learners to fail
to make meaningful connections between the spoken information
in the instructor’s explanation and the corresponding parts of the
diagrams. Thus, it is predicted that the draw-hand group will
outperform the draw-body group on the transfer test.

Experiment 1 (Full Body)
The primary purpose of Experiment 1 was to test whether
observing an instructor draw diagrams during a lesson on the
Doppler effect improves learning beyond viewing equivalent static
(i.e., already-drawn) diagrams. Some participants viewed an instructor draw diagrams related to the Doppler effect during a
concurrent oral explanation (draw group), whereas others viewed
already-drawn diagrams during the same concurrent verbal explanation. Of those viewing already-drawn diagrams, some viewed
the instructor point to each of the diagrams throughout the lesson
(point group), whereas others did not view the instructor point to
each of the diagrams (control group). All participants then completed retention and transfer tests of the material. The distinguishing feature of the draw group in Experiment 1 is that the instructor’s entire body was shown throughout the lesson. Overall,
Experiment 1 tested whether there is a benefit of observing the
instructor draw and whether this benefit extends beyond providing
students with basic signaling features (i.e., pointing).

Method
Participants and design. The participants were 157 college
students, recruited from the Psychology Subject Pool at the University of California, Santa Barbara, who participated to fulfill a
course requirement. Fifty-three students served as the draw group,
52 students served as the point group, and 52 students served as the
control group. The mean age of participants was 19.1 years (SD ⫽
2.1), and there were 45 men and 112 women. The groups did not
differ significantly in terms of mean age (draw group: M ⫽ 18.8,
SD ⫽ 1.1; point group: M ⫽ 19.1, SD ⫽ 2.5; control group: M ⫽
19.3, SD ⫽ 2.5) or proportion of women (draw group: 0.73; point
group: 0.81; control group: 0.60).
Participants’ prior knowledge of the Doppler effect, as reported
on a questionnaire with a possible score of 13, was low overall and
did not differ significantly across groups (draw group: M ⫽ 5.6,
SD ⫽ 2.6; point group: M ⫽ 4.9, SD ⫽ 2.5; control group: M ⫽
5.3, SD ⫽ 2.4). To examine differential effects of observing the
instructor draw on learners with different levels of prior knowledge, a median split of participants’ prior knowledge scores was
used to separate participants into low prior knowledge (draw
group: n ⫽ 25; point group: n ⫽ 26; control group: n ⫽ 27) and
high prior knowledge (draw group: n ⫽ 27; point group: n ⫽ 26;
control group: n ⫽ 26) subgroups.
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Materials and apparatus. The paper-based materials consisted of a consent form, a demographics questionnaire, and retention and transfer tests.1 The consent form described the details of
the study, informed participants that their privacy was protected,
and included a place for them to sign. The demographics form
asked participants to provide their age, gender, and major, and
prior knowledge of the Doppler effect. Prior knowledge was assessed by asking participants to rate their knowledge of the Doppler effect on a scale from 1 (very low) to 5 (very high) and to place
a check mark next to each of the following items that applied to
them: “I have taken a course in physics,” “I know what Hz means,”
“I have used an oscilloscope,” “I know how radar works,” “I know
the basic characteristics of sound waves,” “I know what relative
motion is,” “I know what the red shift is,” and “I know what a sine
curve is.” A prior knowledge score was calculated by adding the
knowledge rating (1 to 5) to the number of items checked (0 to 8),
for a total possible prior knowledge score of 1 to 13.
The retention test consisted of one free-response item: “Explain
how the Doppler effect works.” Participants were given four
minutes to complete the retention test. The transfer test consisted
of four free-response items that required students to apply their
knowledge of the Doppler effect to new situations: “Imagine a fire
truck with its siren blaring is approaching an observer standing on
a street corner. In this scenario, what would cause the observer to
experience the Doppler effect more intensely;” “Imagine a fire
truck is driving down the road with its siren blaring. An observer
in a car nearby is able to hear the siren but does not experience the
Doppler effect. Why not?” “Imagine a fire truck with its siren
blaring is approaching an observer standing on a street corner.
How does the observer experience the Doppler effect at the exact
moment when the fire truck crosses paths with the observer?
Explain your answer;” and “Would the Doppler effect occur if an
observer was approaching a stationary sound source? Explain your
answer.” Participants were given 3 min for each of the four transfer
questions.
For the retention test, the total number of correct idea units
included in the response was recorded out of 10 possible points.
Points were awarded if participants accurately describe the behavior of sound waves (in terms of wavelength, frequency, and pitch)
as a sound source approaches and then passes by an observer. For
example, as a sound source approaches an observer, the sound
waves become compressed, which decreases the wavelength, and
the waves increase in frequency, which results in a higher perceived pitch. For the transfer test, the total number of correct
responses for each question ranged from two to four possible
correct responses per question. For example, correct responses to
the first transfer question include stating how the Doppler effect
would be experienced more intensely if the observer were to move
toward the fire truck, causing the sound waves to become more
compressed and the observer to experience a higher perceived
pitch of the sound. Two raters, blind to experimental conditions,
scored a subset of the retention and transfer test responses across
each of the four experiments, yielding high reliability for both the
retention test (Exp. 1: r ⫽ .93; Exp. 2: r ⫽ .87; Exp. 3: r ⫽ .93;
Exp. 4: r ⫽ .86) and the transfer test (Exp. 1: r ⫽ .87; Exp. 2: r ⫽
.89; Exp. 3: r ⫽ .86; Exp. 4: r ⫽ .88).
Computer-based materials consisted of three versions of a
video-based lesson on how the Doppler effect works (adapted from
Fiorella & Mayer, 2013): a control version, a point version, and a

Figure 1. Screenshot from control version of lesson in Experiment 1. See
the online article for the color version of this figure.

draw version. In all three versions, a female instructor orally
explained the Doppler effect while standing alongside four accompanying diagrams presented on a whiteboard. The explanation and
diagrams were the same across all versions of the lesson and each
video lasted approximately 100 s. Figures 1, 2, and 3 present a
screenshot from the control, point, and draw versions of the lesson,
respectively.
In the control version of the lesson, the four diagrams were
presented all-at-once (i.e., already-drawn) on the whiteboard adjacent to the instructor, but the instructor did not directly reference
the images (either in speech or gesture) throughout the concurrent
oral explanation. The instructor faced the camera throughout the
lesson and used minimal gestures.
In the point version of the lesson, the four diagrams were again
presented all-at-once (i.e., already drawn) on the whiteboard adjacent to the instructor. The instructor periodically turned toward
the whiteboard and placed her hand near the relevant parts of each
diagram throughout the concurrent oral explanation. The instructor
otherwise faced the camera throughout the lesson and used minimal gestures.
In the draw version of the lesson, the instructor turned toward
the whiteboard and drew the relevant parts of each diagram
throughout the concurrent oral explanation. While drawing, the
instructor did not otherwise reference the drawings. While not
drawing, the instructor faced the camera throughout the lesson and
used minimal gestures. The apparatus consisted of five Dell computers with 17-in. screens and five Cyber Acoustics headphones.
Procedure. Participants were randomly assigned to a treatment group. There were up to five participants in each session,
with each participant seated in an individual cubicle out of sight
from the other participants. First, the experimenter provided a brief
oral introduction to the experiment, passed out the consent form
for participants to sign, and collected the signed consent forms.
Second, the experimenter passed out the demographics questionnaire and collected them when the participants were finished.
Third, participants were instructed to put on their headphones and
1
We also included a self-report questionnaire that was administered at
the end of the experiment and that asked students about their attitudes
toward the lesson and their levels of satisfaction during learning. These
data are not relevant to the primary research questions of the current study,
and thus are not included here.
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Figure 2. Screenshot from point version of lesson in Experiment 1. See
the online article for the color version of this figure.

click the computer mouse to start their respective version (control,
point, or draw) of the Doppler effect lesson. The video lasted
approximately 100 s.
After watching the video, participants were asked to complete
the retention and transfer tests; 4 min were provided for the
retention test, and 3 min were provided for each of the four
questions of the transfer test, which were completed one at a time.
The total duration of the experiment was approximately 30 min.

Results
The primary purpose of Experiment 1 was to test the prediction
based on cognitive and observational learning theories that observing an instructor draw diagrams results in better transfer test
performance than viewing equivalent (i.e., already-drawn) static
diagrams, particularly for students with relatively low prior knowledge. Experiment 1 also tested the prediction of observational
learning theories that drawing diagrams by hand provides students
with important social cues that lead to deeper learning than following basic cognitive principles of multimedia learning such as
signaling.
Retention. Table 3 presents the means and standard deviations by group and prior knowledge on the retention test. A 3 ⫻ 2
analysis of variance (ANOVA) was conducted, with group (control, point, or draw) and prior knowledge (low or high) serving as
between-subjects factors. The analysis indicated no main effect of
group, F(2, 151) ⫽ 0.36, p ⫽ .70; however, there was a significant
main effect of prior knowledge, F(1, 151) ⫽ 9.22, p ⬍ .01, such
that students with high prior knowledge (M ⫽ 3.8, SD ⫽ 2.0)
performed better on the retention test than those with low prior
knowledge (M ⫽ 2.8, SD ⫽ 1.9). Finally, there was no significant
group by prior knowledge interaction, F(2, 151) ⫽ 0.10, p ⫽ .91.
Apparently, observing an instructor draw did not significantly
influence performance on a retention test.
Transfer. The primary dependent measure of interest is performance on the transfer test. Table 4 presents the means and
standard deviations on the transfer test by group and prior knowledge. A 3 ⫻ 2 ANOVA indicated no significant main effect of
group, F(2, 151) ⫽ 0.43, p ⫽ .65, and a significant main effect of
prior knowledge, F(2, 151) ⫽ 19.33, p ⬍ .001, such that students
with high prior knowledge (M ⫽ 2.9, SD ⫽ 1.6) performed better
on the transfer test than those with low prior knowledge (M ⫽ 1.6,
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SD ⫽ 1.8). The analysis also indicated a significant group by prior
knowledge interaction, F(2, 151) ⫽ 4.28. p ⫽ .016. Planned 2 ⫻
2 ANOVAs were then conducted to compare (a) the draw group to
the control group, (b) the draw group to the point group, and (c) the
point group to the control group across levels of prior knowledge.
Analyses comparing the draw group to the control group indicated no significant main effect of group, F(1, 101) ⫽ 0.84, p ⫽
.36; however, there was a significant main effect of prior knowledge, F(1, 101) ⫽ 5.73, p ⫽ .02, and a significant group by prior
knowledge interaction, F(1, 101) ⫽ 4.34, p ⫽ .04. Consistent with
predictions, the interaction suggested that the benefits of observing
the instructor draw were present for students with low prior knowledge but not for those with high prior knowledge. Follow-up
independent-samples t tests indicated that, of students with low
prior knowledge, the draw group outperformed the control group,
t(50) ⫽ 2.23, p ⫽ .03, d ⫽ 0.58, whereas of students with high
prior knowledge, there was no significant difference between the
two groups, t(51) ⫽ ⫺0.79, p ⫽ .44, d ⫽ ⫺0.24.
Analyses comparing the draw group to the point group also
indicated no significant main effect of group, F(1, 100) ⫽ 0.12,
p ⫽ .74, a main effect of prior knowledge, F(1, 100) ⫽ 9.37, p ⬍
.01, and a significant group by prior knowledge interaction, F(1,
100) ⫽ 7.60, p ⫽ .01. Again, the interaction suggested that only
those of with low prior knowledge benefited from observing the
instructor draw diagrams. Follow-up independent samples t tests
indicated that, of students with low prior knowledge, the draw
group outperformed the point group, t(49), ⫽ 2.40, p ⫽ .02, d ⫽
0.63, whereas of students with high prior knowledge, there was no
significant difference between the two groups, t(51) ⫽ ⫺1.59, p ⫽
.13, d ⫽ ⫺0.41.
Analyses comparing the point group with the control group
indicated no significant main effect of group, F(1, 101) ⫽ 1.03,
p ⫽ .593, a significant main effect of prior knowledge (favoring
students with high prior knowledge), F(1, 101) ⫽ 28.41, p ⬍ .001,
and no significant group by prior knowledge interaction, F(1,
101) ⫽ 2.39, p ⫽ .415. Apparently, pointing gestures to the
relevant diagrams did not significantly influence transfer performance. Overall, these data indicate that observing the instructor
draw diagrams leads to deeper learning (for students with low prior
knowledge) than viewing equivalent static diagrams, with or without added signaling (i.e., pointing) features.

Figure 3. Screenshot from draw version of lesson in Experiment 1. See
the online article for the color version of this figure.
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Table 3
Retention Scores by Group and Prior Knowledge for Experiment 1
Retention score
Low PK

Overall

Group

n

M

SD

n

M

SD

n

M

SD

Control
Point
Draw

27
26
25

2.7
2.7
3.1

2.2
1.6
1.8

26
26
27

3.7
3.8
3.9

1.9
2.3
1.8

53
52
52

3.2
3.2
3.5

2.1
2.0
1.9

Note.
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High PK

PK ⫽ Prior Knowledge.

Experiment 2 (Hand Only)
The purpose of Experiment 2 was to test whether the benefits of
observing instructor drawing found in Experiment 1 hold when
only the instructor’s hand is visible during the lesson. It is possible
that the lesson used in Experiment 1 contained additional social
cues not related to the act of drawing (e.g., facial expressions, eye
gaze). Thus, Experiment 2 aimed to better isolate the effects of
observing instructor drawing compared with viewing alreadydrawn diagrams. In the experiment, some participants viewed an
instructor’s hand draw diagrams related to the Doppler effect while
listening to a concurrent oral explanation (draw group), whereas
others viewed already-drawn diagrams while listening to the same
concurrent oral explanation (control group). A point group was not
included in Experiment 2 because Experiment 1 indicated that
students did not benefit from receiving this form of basic signaling.
All participants then completed retention and transfer tests of the
material. In short, the distinguishing feature of the draw group in
Experiment 2 is that only the instructor’s hand was shown during
lesson.

Method
Participants and design. Participants were 121 college students recruited from the Psychology Subject Pool at the University
of California, Santa Barbara, who participated to fulfill a course
requirement. Sixty-two students served as the draw group, and 59
students served as the control group. The mean age of participants
was 18.8 years (SD ⫽ 1.6), and there were 44 men and 77 women.
The groups did not differ significantly in terms of mean age (draw
group: M ⫽ 19.0, SD ⫽ 2.0; control group: M ⫽ 18.6, SD ⫽ 1.0).
A chi-square test of independence indicated a significant difference in the proportion of women in each of the groups, 2(1) ⫽
4.40, p ⫽ .036 (draw group: 0.73; control group: 0.54); however,

follow-up analyses indicated that gender was not a significant
covariate of performance on the retention and transfer tests and
including it as a covariate did not affect the results of the ANOVAs
reported below.
Participants’ prior knowledge of the Doppler effect, as reported
on a questionnaire with a possible score of 13, was low overall and
did not differ significantly across groups (draw group: M ⫽ 5.0,
SD ⫽ 2.7; control group: M ⫽ 5.8, SD ⫽ 2.6). As in Experiment
1, to examine differential effects of observing the instructor draw
on learners with different levels of prior knowledge, a median split
of participants’ prior knowledge scores was used to separate participants into low prior knowledge (draw group: n ⫽ 26; control
group: n ⫽ 28) and high prior knowledge (draw group: n ⫽ 36;
control group: n ⫽ 31) subgroups.
Materials and apparatus. The same materials were used as
in Experiment 1, with the exception of the Doppler effect lesson.
The control version and the draw version of the lesson from
Experiment 1 were modified so that only the instructor’s hand
(rather the instructor’s entire body) is visible throughout the lesson. Screenshots from the control and draw lessons can be seen in
Figures 4 and 5, respectively.
Procedure. The procedure was identical to Experiment 1.

Results
The primary prediction of Experiment 2 based on cognitive and
observational learning theories was that the draw group will outperform the control group on the transfer test, and that this effect
will be particularly strong for participants who report relatively
low prior knowledge of the Doppler effect.
Retention. Table 5 presents the means and standard deviations by group and prior knowledge on the retention test. A 2 ⫻ 2
ANOVA was conducted, with group (control or draw) and prior
knowledge (low or high) serving as between-subjects factors. The

Table 4
Transfer Scores by Group and Prior Knowledge for Experiment 1
Transfer score
Low PK

High PK

Overall

Group

n

M

SD

n

M

SD

n

M

SD

Control
Point
Draw

27
26
25

1.3
1.2
2.4

1.6
1.4
2.1

26
26
27

3.0
3.5
2.5

2.1
2.3
2.0

53
52
52

2.1
2.3
2.5

2.0
2.2
2.0

Note.

PK ⫽ Prior Knowledge.
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Figure 4. Screenshot from control version of lesson in Experiment 2. See
the online article for the color version of this figure.

analysis indicated no main effect of group, F(1, 117) ⫽ 2.84, p ⫽
.10; however, there was a significant main effect of prior knowledge, F(1, 117) ⫽ 13.25, p ⬍ .01, such that students with high
prior knowledge (M ⫽ 4.0, SD ⫽ 2.8) performed better on the
retention test than those with low prior knowledge (M ⫽ 2.8, SD ⫽
2.0). There was no significant group by prior knowledge interaction, F(1, 117) ⫽ 0.83, p ⫽ .37. In line with Experiment 1,
observing the instructor draw does not appear to influence the
amount of information students retain from a lesson.
Transfer. Table 6 presents the means and standard deviations
by group and prior knowledge on the transfer test. A 2 ⫻ 2
ANOVA was conducted, with group (control or draw) and prior
knowledge (low or high) serving as between-subjects factors.
Consistent with predictions, the analysis indicated a significant
main effect of group, F(1, 117) ⫽ 6.54, p ⫽ .01, d ⫽ 0.35, with the
draw group outperforming the control group on the transfer test.
There was also a significant effect of prior knowledge, F(1, 117) ⫽
22.00, p ⬍ .001, such that students with high prior knowledge
(M ⫽ 3.9, SD ⫽ 2.7) outperformed students with low prior
knowledge (M ⫽ 2.0, SD ⫽ 1.8) on the transfer test. Finally, there
was no significant group by prior knowledge interaction, F(1,
117) ⫽ 0.24, p ⫽ .62. Overall, the results of Experiment 2 show
that observing the instructor draw diagrams— during which only
the instructor’s hand is visible—improved transfer test performance compared with the control group, regardless of students’
prior knowledge.
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example, if observing the act of human drawing (with or without
the instructor’s hand visible) is the critical social cue, learning
should depend only on whether the learner is able to infer that a
human performed the movements. Thus, it may not be necessary
for the instructor’s hand to be physically present while learning
from observing instructor drawing. On the other hand, embodied
theories of cognition and instruction posit that the presence of a
human hand may be critical for facilitating connections between
observed actions and the cognitive processes underlying those
actions, as they relate to developing an understanding of the
material (e.g., Castro-Alonso, Ayres, & Paas, 2014). Thus, the
benefits of observing instructor drawing may depend on the instructor’s hand being visible throughout the lesson.
In Experiment 3, some participants viewed diagrams being
drawn (without the instructor’s hand visible) during a concurrent
oral explanation (draw group), whereas others viewed alreadydrawn diagrams during the same concurrent explanation (control
group). All participants then completed retention and transfer tests
of the material. In short, the distinguishing feature of the draw
group in Experiment 3 was that the instructor’s hand was not
present during the lesson.

Method
Participants and design. Participants were 107 college students recruited from the Psychology Subject Pool at the University
of California, Santa Barbara, who participated to fulfill a course
requirement. Fifty-four students served as the draw group, and 53
students served as the control group. The mean age of participants
was 19.0 years (SD ⫽ 1.4), and there were 29 men and 78 women.
The groups did not differ significantly in terms of mean age (draw
group: M ⫽ 18.9, SD ⫽ 1.1; control group: M ⫽ 19.1, SD ⫽ 1.6)
or proportion of women (draw group: 0.69; control group: 0.77).
Participants’ prior knowledge of the Doppler effect, as reported
on a questionnaire with a possible score of 13, was low overall and
did not differ significantly across groups (draw group: M ⫽ 5.3,
SD ⫽ 2.0; control group: M ⫽ 5.4, SD ⫽ 2.6). As in the previous
experiments, to examine differential effects of observing the in-

Experiment 3 (No Hand)
The purpose of Experiment 3 was to test whether observing an
instructor draw improves learning even when the instructor’s hand
is not present throughout the lesson. According to cognitive theories of learning, the benefits of observing human movement do
not depend on the instructor being physically present but instead
on whether the lesson follows basic cognitive principles of instruction, such as signaling, segmenting, and temporal contiguity. Further, predictions of observational learning theories depend on
which social cues providing by instructor drawing are responsible
for learning (e.g., Mayer, 2014b; van Gog et al., 2009). For

Figure 5. Screenshot from draw version of lesson in Experiment 2. See
the online article for the color version of this figure.
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Table 5
Retention Scores by Group and Prior Knowledge for Experiment 2
Retention score
Low PK

Overall

Group

n

M

SD

n

M

SD

n

M

SD

Control
Draw

28
26

2.7
2.9

1.9
2.1

31
36

3.6
4.5

1.6
1.8

59
62

3.2
3.6

1.8
2.1

Note.
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High PK

PK ⫽ Prior Knowledge.

structor draw on learners with different levels of prior knowledge,
a median split of participants’ prior knowledge scores was used to
separate participants into low prior knowledge (draw group: n ⫽
28; control group: n ⫽ 31) and high prior knowledge (draw group:
n ⫽ 26; control group: n ⫽ 22) subgroups.
Materials. The same materials were used as in Experiment 2,
with the exception of the Doppler effect lesson viewed by the draw
group and the control group. The draw version consisted of diagrams being drawn by an instructor but without the instructor’s
hand physically present. An iPad tablet computer and stylus was
used to create and record the diagrams as they were being drawn.
The iPad application Doceri— designed to provide a digital whiteboard—was used to record the drawings (using a “screen capture”
feature) and to convert the recording into a video that could be
replayed on a desktop computer. The video was then synchronized
with the audio recording of the Doppler effect explanation used in
previous experiments. The control version consisted of the same
diagrams as the draw version, already drawn, and the same recording of the oral explanation. Screenshots from the control and draw
lessons can be seen in Figures 6 and 7, respectively.
Procedure. The procedure was identical to Experiments 1–2.

those with low prior knowledge (M ⫽ 2.9, SD ⫽ 1.9). There was
no significant group by prior knowledge interaction, F(1, 103) ⫽
0.80, p ⫽ .78. Consistent with the previous experiments, observing
the instructor draw does not appear to influence retention performance.
Transfer. Table 8 presents the means and standard deviations
by group and prior knowledge on the transfer test. A 2 ⫻ 2
ANOVA was conducted, with group (control or draw) and prior
knowledge (low or high) serving as between-subjects factors. The
analysis indicated no significant main effect of group, F(1, 103) ⫽
1.79, p ⫽ .184; however, there was a significant main effect of
prior knowledge, F(1, 103) ⫽ 12.05, p ⫽ .001, such that students
with high prior knowledge (M ⫽ 3.4, SD ⫽ 2.4) outperformed
students with low prior knowledge (M ⫽ 2.1, SD ⫽ 1.6) on the
transfer test. There was no significant group by prior knowledge
interaction, F(1, 103) ⫽ 1.19, p ⫽ .279. Overall, the results of
Experiment 3 show that observing the instructor draw diagrams
without the instructor’s hand physically present did not significantly improve transfer performance compared with the control
group, and when taken with the findings of Experiment 2 suggest
that the visibility of the instructor’s hand during drawing may
provide students with an important social cue.

Results
The primary aim of Experiment 3 was to determine whether the
benefits of observing the instructor draw diagrams found in Experiments 1 and 2 would hold when the instructor’s hand is not
visible throughout the lesson.
Retention. Table 7 presents the means and standard deviations by group and prior knowledge on the retention test. A 2 ⫻ 2
ANOVA was conducted, with group (control or draw) and prior
knowledge (low or high) serving as between-subjects factors. The
analysis indicated no main effect of group, F(1, 103) ⫽ 0.67,
p ⫽ .42, and a marginal main effect of prior knowledge, F(1,
103) ⫽ 2.93, p ⫽ .09, such that students with high prior knowledge
(M ⫽ 3.6, SD ⫽ 1.8) performed better on the retention test than

Experiment 4 (Body vs. Hand)
The purpose of Experiment 4 was to directly test the effects of
observing the instructor draw diagrams when the instructor’s body
is visible compared with when only the instructor’s hand is visible
throughout the lesson. Results of Experiments 1–3 suggest that the
presence of the instructor’s body may benefit students with low
prior knowledge but not students with high prior knowledge (Experiment 1), and that students may benefit from observing only the
instructor’s hand draw the diagrams (Experiment 2), but may not
benefit when the instructor’s hand is not visible (Experiment 3).
Because the previous experiments suggest that the hand is the most
important social cue involved in drawing diagrams, additional

Table 6
Transfer Scores by Group and Prior Knowledge for Experiment 2
Transfer score
Low PK

High PK

Overall

Group

n

M

SD

n

M

SD

n

M

SD

Control
Draw

28
26

1.6
2.4

1.5
1.9

31
36

3.3
4.5

2.1
3.2

59
62

2.5
3.3

2.0
2.7

Note.

PK ⫽ Prior Knowledge.
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Figure 6. Screenshot from control version of lesson in Experiment 3. See
the online article for the color version of this figure.
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Materials. The same materials were used as in the previous
experiments, with the exception of the Doppler effect lessons. New
versions of the Doppler effect lesson were created because it was
not possible to modify the draw version from Experiment 1 (which
included the instructor’s entire body) in a way that only showed
the instructor’s hand (without also showing at least some of the
instructor’s body). Thus, two new versions of the Doppler lesson
were created: a draw-body version and a draw-hand version. The
script and diagrams in the lessons were the same as in the previous
experiments.
The draw-body version consisted of a video of a female instructor drawing each of the diagrams on the whiteboard while providing the oral explanation. The instructor’s body was visible
throughout the lesson. The draw-hand version consisted of a modified version of the video used for the draw-body version, such that
only the instructor’s arm and hand were visible throughout the
lesson. Screenshots from each version of the lesson can be seen in
Figures 8 and 9.
Procedure. The procedure was identical to Experiments 1–3.

Results
salient social cues (e.g., the instructor’s body and face) may be
unnecessary or even potentially distract some students from attending to the diagrams throughout the lesson. Thus, it was predicted that observing the instructor’s hand only throughout instructor drawing would result in better transfer test performance
compared with viewing the instructor’s entire body.
In Experiment 4, some participants viewed diagrams being
drawn while the instructor’s body was visible (draw-body group;
similar to the draw group from Experiment 1) or while only the
instructor’s hand was visible (draw-hand group; similar to the
draw group from Experiment 2). All participants then completed
retention and transfer tests of the material.

Method
Participants and design. Participants were 99 college students recruited from the Psychology Subject Pool at the University
of California, Santa Barbara, who participated to fulfill a course
requirement. Forty-nine students served as the draw-body group
and 50 served as the draw-hand group. The mean age of participants was 19.5 years (SD ⫽ 1.5), and there were 22 men and 77
women. The groups did not significantly differ in terms of mean
age (draw-body group: M ⫽ 19.5; SD ⫽ 1.5; draw-hand group:
M ⫽ 19.4; SD ⫽ 1.5). A chi-square test of independence indicated
a significant difference in the proportion of women in each of the
groups, 2(1) ⫽ 5.59, p ⫽ .018 (draw-body: 0.88; draw-hand:
0.68). Follow-up ANCOVAs indicated that gender was a significant covariate of performance on the transfer test, F(1, 94) ⫽ 4.70,
p ⫽ .033, but not for the retention test. Therefore, ANCOVA
results are reported below for the transfer test.
Participants’ prior knowledge of the Doppler effect, as reported
on a questionnaire with a possible score of 13, was low overall and
did not differ significantly across groups (draw-body group: M ⫽
4.6, SD ⫽ 2.3; draw-hand group: M ⫽ 5.4, SD ⫽ 2.5). As in the
previous experiments, a median split of participants’ prior knowledge scores was used to separate participants into low prior knowledge (draw-body: n ⫽ 31; draw-hand: n ⫽ 31) and high prior
knowledge (draw-body: n ⫽ 18; draw-hand: n ⫽ 19) subgroups.

The primary purpose of Experiment 4 was to test the prediction
that viewing the instructor’s hand only during instructor drawing
will lead to better learning compared with viewing the instructor’s
body throughout the lesson. In particular, the draw-hand group was
expected to outperform the draw-body group on the transfer test.
Retention. Table 9 presents the means and standard deviations by group and prior knowledge on the retention test. A 2 ⫻ 2
ANOVA was conducted, with group (draw-hand or draw-body)
and prior knowledge (low or high) serving as between-subjects
factors. The analysis indicated no significant main effect of group,
F(1, 95) ⫽ 0.74, p ⫽ .393, or prior knowledge, F(1, 95) ⫽ 2.32,
p ⫽ .131 (low prior knowledge: M ⫽ 3.4, SD ⫽ 2.1; high prior
knowledge: M ⫽ 4.0, SD ⫽ 1.9). There is also no significant group
by prior knowledge interaction, F(1, 95) ⫽ 0.97, p ⫽ .328. Thus,
whether students view the instructor’s hand or entire body during
the lesson did not appear to influence retention performance.

Figure 7. Screenshot from draw version of lesson in Experiment 3. See
the online article for the color version of this figure.
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Table 7
Retention Scores by Group and Prior Knowledge for Experiment 3
Retention score
Low PK

Overall

Group

n

M

SD

n

M

SD

n

M

SD

Control
Draw

31
28

2.8
3.0

2.2
1.7

22
26

3.4
3.8

2.3
1.3

53
54

3.1
3.4

2.2
1.5

Note.
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High PK

PK ⫽ Prior Knowledge.

Transfer. Table 10 presents the means and standard deviations by group and prior knowledge on the transfer test. A 2 ⫻ 2
ANCOVA was conducted, with group (draw-hand or draw-body)
and prior knowledge (low or high) serving as between-subjects
factors, and gender serving as a covariate. The analysis indicated
a marginally significant main effect of group, F(1, 94) ⫽ 2.97, p ⫽
.088, such that the draw-hand group (estimated M ⫽ 2.8, SE ⫽
0.28) outperformed the draw-body group (estimated M ⫽ 2.1,
SE ⫽ 0.28; d ⫽ .36). There was also a marginally significant main
effect of prior knowledge, F(1, 94) ⫽ 3.63, p ⫽ .06, such that
students with high prior knowledge (estimated M ⫽ 2.8, SE ⫽
0.31) outperformed students with low prior knowledge (estimated
M ⫽ 2.1, SE ⫽ 0.24). Finally, there was no significant group by
prior knowledge interaction, F(1, 94) ⫽ 1.86, p ⫽ .176.
Overall, this result provides some support for the prediction that
observing only the instructor’s hand during instructor drawing
results in better student understanding than observing the instructor’s entire body, perhaps because the visibility of the instructor’s
body is distracting and serves as an extraneous social cue.

General Discussion
Empirical Contributions
Although there is a vast body of empirical research related to
identifying effective multimedia design principles (e.g., Mayer,
2009, 2014a), the issue of whether instructors should draw diagrams by hand or present diagrams directly to students had not
been addressed. The current set of experiments provides the first
systematic empirical investigation into the effects of observing the
instructor draw diagrams on student learning.
In Experiment 1, observing the instructor draw diagrams—with
the instructor’s body visible throughout the lesson—resulted in
better student understanding (as indicated by transfer test performance) for students with low prior knowledge (d ⫽ 0.58) but not

for students with high prior knowledge (d ⫽ ⫺0.24). This effect
also applied when observing the instructor draw was compared
with a condition when the instructor pointed to the relevant parts
of the diagrams during the lesson (low prior knowledge: d ⫽ 0.67;
high prior knowledge: d ⫽ ⫺0.46). Thus, this experiment provided
evidence for the benefits of observing the instructor draw diagrams
and it also identified a potential boundary condition related to
student prior knowledge, although this interaction with prior
knowledge was not found in the subsequent experiments.
In Experiment 2, observing the instructor draw diagrams—with
only the instructor’s hand visible throughout the lesson—resulted
in better student understanding, regardless of students’ level of
prior knowledge (d ⫽ 0.35). This suggests that the benefits of
observing the instructor draw diagrams may not depend on the
instructor’s body being visible to students. It also suggests that
students with high prior knowledge may benefit more from only
viewing the instructor’s hand draw diagrams rather the instructor’s
body.
In Experiment 3, observing the diagrams being drawn without
the instructor’s hand and body visible did not result in better
student understanding (d ⫽ ⫺0.16). This suggests that while it
may not be necessary to view the instructor’s body during the
lesson (as indicated from Experiment 2), it may be important for
students to view the instructor’s hand draw the diagrams.
Finally, in Experiment 4, students learned marginally better
from observing only the instructor’s hand draw the diagrams
during the lesson compared with viewing the instructor’s body
during the lesson (d ⫽ 0.36). Taken together, data from the four
experiments show that observing the instructor make drawings
while orally explaining a topic can promote student learning, and
further, that there may be unique benefits associated with the
presence of a human instructor’s hand during the lesson, although
this conclusion relies on cross-experiment comparisons.
It is important to note that the effect of observing the instructor’s
hand draw was smaller than expected. For instance, in the most

Table 8
Transfer Scores by Group and Prior Knowledge for Experiment 3
Transfer score
Low PK

High PK

Overall

Group

n

M

SD

n

M

SD

n

M

SD

Control
Draw

31
28

2.1
2.0

1.4
1.8

22
26

3.9
2.9

2.0
2.4

53
54

2.8
2.4

2.0
2.2

Note.

PK ⫽ Prior Knowledge.
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Figure 8. Screenshot from draw-hand version of lesson in Experiment 4.
See the online article for the color version of this figure.

direct test of the drawing effect (Experiment 2), the effect size was
0.35, which is in the small-to-medium range. However, it is
comparable with guidelines set by Hattie (2011), which consider
effect sizes of 0.4 or higher to be educationally relevant. Recent
reviews of relevant multimedia principles suggest that this effect is
also comparable with previous research testing the signaling principle (median d ⫽ 0.41), although considerably lower than previous research testing the temporal contiguity (median d ⫽ 1.22) and
segmenting (median d ⫽ 0.79) principles (Mayer & Fiorella, 2014;
Mayer & Pilegard, 2014). This is likely because drawing diagrams
more closely resembles previous visual signaling interventions,
whereas the temporal contiguity and segmenting principles have
been implemented much differently and often involve stronger
manipulations. For example, research testing the temporal contiguity principle generally compares the effects of presenting verbal
and visual information simultaneously with presenting all of the
information in one mode (visual or verbal) before presenting the
corresponding information in the other mode (e.g., Mayer & Anderson, 1991). This is analogous, in the current study, to providing
the verbal explanation of the Doppler effect before (or after)
showing students the corresponding diagrams.
The segmenting principle has also been implemented differently
in previous research. Generally, segmenting has involved breaking
down a lesson into smaller parts and allowing students to control
when they move on to the next part (e.g., Mayer & Chandler,
2001). In the current study, drawing presumably segments the
presentation of the diagrams, but it does not allow students to
control the pace of the lesson. Finally, the multimedia principles
have typically not been examined within the context of observational learning environments. The current study suggests that basic
cognitive principles may need to be paired with the relevant social
cues, such as viewing the instructor’s hand during instructor drawing.
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mote learning because it makes use of basic cognitive principles of
multimedia learning, such as the signaling principle, the segmenting principle, and the temporal contiguity principle (Mayer, 2009,
2014b; Mayer & Fiorella, 2014; Mayer & Pilegard, 2014). In
particular, the signaling and temporal contiguity principles aim to
reduce extraneous processing (i.e., processing irrelevant to the
instructional goal) by directing students’ attention to the most
relevant material (signaling) and by allowing learners to process
relevant words and their corresponding graphics at the same time
in working memory (temporal contiguity), and the segmenting
principle aims to manage essential processing (i.e., processing
necessary for initially representing the material) by breaking down
the material into more manageable parts so that learners can
process each part of the lesson individually rather than all at once.
The act of drawing presumably follows each of these principles
inherently— by directing attention, by synchronizing words and
their relevant graphics, and by presenting diagrams one part at a
time, thereby promoting student understanding.
At the most general level, the cognitive principles suggest that
the draw group should outperform the control group on transfer
test items, a prediction that is generally upheld in the current set of
studies. However, a more detailed look at the pattern of results
suggests that the cognitive principles explanation of the drawing
effect may be somewhat insufficient to explain certain findings.
First, in Experiment 1, observing the instructor draw was more
effective (for students with low prior knowledge) than observing
the instructor point at the corresponding diagrams throughout the
lesson. Pointing also makes use of the cognitive principles and yet
did not significantly improve learning compared with the control
group. However, this may be somewhat attributed to a relatively
weak form signaling used in Experiment 1, as well as the fact that
visual signaling may not have been needed for some learners for
this lesson. Second, in Experiment 3, observing drawing was not
effective without the instructor’s hand present, although it was
effective in Experiment 2 when the instructor’s hand was visible.
However, this may be somewhat attributed to the fact that the draw
group in Experiment 3 did not have a cursor in place of the
instructor’s hand to show students where the diagrams would
appear next. It is also important to note that the null effect of

Theoretical Contributions
According to the cognitive theory of multimedia learning
(Mayer, 2009, 2014a), observing the instructor draw should pro-

Figure 9. Screenshot from draw-body version of lesson in Experiment 4.
See the online article for the color version of this figure.
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Table 9
Retention Scores by Group and Prior Knowledge for Experiment 4
Retention score
Low PK

Overall

Group

n

M

SD

n

M

SD

n

M

SD

Draw-hand
Draw-body

31
31

3.0
3.8

2.2
2.0

19
18

4.1
4.0

2.0
1.8

50
49

3.4
3.9

2.1
1.9

Note.
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High PK

PK ⫽ Prior Knowledge.

face) instead of attending to the diagrams. Finally, Experiment 3
suggests that only observing the movements associated with instructor drawing— but without the instructor’s hand visible— did
not significantly improve learning. Thus, taken with findings from
Experiments 1, 2, and 4 (in which benefits were found with the
instructor’s hand visible), some social cues such as observing the
instructor’s hand movements may be more important than others
when learning from instructor drawings. It is possible that the lack
of an instructor’s hand in Experiments 3 served as a negative social
cue (Mayer, 2014b)—that is, it disrupted the sense that students
were involved in a communication with a human instructor. In
other words, without the instructor’s hand, observing the movements associated with drawing may have appeared unnatural or
inconsistent with students’ expectations. This may help explain
why no significant benefit is observed without the instructor’s
hand present, despite the fact that the diagrams are presumably still
following basic principles of multimedia learning. Because drawing is a social activity (i.e., an action performed by another
human), it may be important to provide students with the relevant
social cues that correspond to drawing.
These data can also be interpreted in light of embodied theories
of cognition and instruction. Whereas social agency theory does
not make strong predictions about which specific social cues are
most important for learning and whether they need to be explicitly
present during instruction, research grounded in embodied cognition places an emphasis on the role of observing human hands in
supporting perceptual and cognitive processing. The current data
provide some support for this idea, as observing the instructor
draw was only effective in the current set of experiments when the
instructor’s hand was physically present during the act of drawing.
One final theoretical implication relates to the finding that
observing the instructor draw benefited performance on the transfer test but not the retention test. This is not surprising, given that
retention and transfer represent qualitatively different learning
outcomes (e.g., Mayer, 2011). Retention performance is indicated

Experiment 3 does not mean that the drawing effect necessarily
depends on the instructor’s hand being visible throughout the
lesson. Nonetheless, taken together the data suggest that viewing
the instructor’s hand draw diagrams may be an important component of the drawing effect (in addition to it following multimedia
principles), which would require a modification or extension of the
cognitive principles explanation.
Social agency theory may help explain the potential benefits of
observing the instructor’s hand draw diagrams during a lesson.
According to the theory, social cues such as the viewing the
movements associated with human drawing, the visibility of the
instructor’s body and face, or the visibility of the instructor’s hand,
may help establish a sense of social partnership between the
student and the instructor during learning. This sense of partnership then motivates students to invest effort toward making sense
of the material—referred to as generative processing by the cognitive theory of multimedia learning. Data from the current study
suggest that social cues may play an important role in learning, but
that not all social cues are beneficial. For example, in Experiment
1, the point group received social cues (i.e., pointing gestures to
the relevant diagrams) but did not show learning benefits compared with the control group. This may have been because the
pointing gestures were too general—that is, they did not direct
students’ attention to precise locations on the diagrams. In other
words, social cues in instruction should also serve a cognitive
purpose, by helping convey to students the meaning of the material.
Experiment 2 showed that the instructor’s body might not provide students with a relevant social cue during instructor drawing,
as the drawing effect is found even when the students only view
the instructor’s hand during the lesson. In fact, Experiment 4
shows that students benefit more from only viewing the instructor’s hand than the instructor’s full body. Viewing the instructor’s
body may serve as an extraneous social cue—that is, students may
be attending to the instructor’s body (in particular, the instructor’s

Table 10
Transfer Scores by Group and Prior Knowledge for Experiment 4
Transfer score
Low PK

High PK

Overall

Group

n

M

SD

n

M

SD

n

M

SD

Draw-hand
Draw-body

31
31

2.2
1.8

1.4
1.6

19
18

3.6
2.2

2.9
1.7

50
49

2.7
2.0

2.2
1.6

Note.

PK ⫽ Prior Knowledge.
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by the number of individual idea units remembered from a lesson.
For example, in the current study each of the idea units could be
acquired from the verbal explanation of the lesson alone. On the
other hand, transfer performance is indicated by the ability to apply
acquired knowledge to new situations. According to the cognitive
theory of multimedia learning, this requires building meaningful
connections between components of the verbal explanation and the
corresponding visuals. In the current study, students all remembered a similar number of individual idea units from the lesson
(i.e., similar retention performance), but observing the instructor
draw appeared to help students build a coherent mental representation of the material that they could apply toward solving novel
problems (i.e., superior transfer performance).

Practical Contributions
Given the current lack of relevant empirical data, the decision of
whether to present instructional visuals (diagrams, flowcharts,
graphs) directly to students (such as on a PowerPoint slide) or by
drawing them by hand (such as a on a whiteboard) is likely made
based on convenience, personal preference, or intuition. The most
important practical implication of the present set of experiments is
that watching instructors draw illustrations as they orally explain a
topic results in deeper learning than giving the same oral explanation for already-drawn illustrations. The current research provides empirical evidence to inform teachers and instructional designers of the conditions under which observing the instructor
draw may enhance student learning. Given that video-based instruction was used in the current study, the findings are likely most
applicable to the design of computer-based and online lessons, but
may also provide implications for presenting visuals within more
conventional face-to-face classroom instruction. For example,
slide show presentations based on discussing ready-made slides
may not be as effective as talking while creating the content of the
slides by hand. Of course, one potential practical limitation of
instructor drawing is that instructors may have difficulty producing
quality drawings of highly complex systems.
The current study suggests that observing the instructor draw
may be most beneficial for students with lower prior knowledge,
although this effect was only found in Experiment 1. The data
suggest that viewing the instructor draw diagrams may also be
beneficial for high prior knowledge learners (or at least not detrimental), but the lesson may be more effective if it focuses only on
the instructor’s hand (rather than show the instructor’s body)
throughout the lesson. This may avoid presenting irrelevant and
potentially distracting visual information, helping students focus
on the relevant parts of the visuals. At the same time, the presence
of the instructor’s hand may be an important component for
promoting student engagement and learning. It may be possible to
use computer-animated diagrams to match the benefits of drawing
(without the instructor’s hand visible), but this is a consideration
that should be addressed with further research. Overall, the current
study suggests that a lesson focused on the instructor’s hand
drawing the visuals can promote deep learning, as evidenced by
performance on transfer tests.

Limitations and Future Research Directions
One limitation of the current research is that it involves a
relatively short lesson covering one science concept (i.e., the
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Doppler effect). A more complex lesson may have led to a more
pronounced effect of observing instructor drawing. Similarly,
more complex materials would enable learning outcome measures
(such as transfer test items) to be more sensitive to the manipulation. Further research should test the effects of observing the
instructor draw within more authentic learning environments, such
as real-world online courses or within a traditional classroom
setting; and within other academic domains, such as teaching other
science concepts or mathematics problems. Similarly, future research should consider the effects of observing the instructor draw
other types of visuals, such as graphs, charts, or flowcharts. There
may even be benefits associated with watching the instructor write
primarily verbal (rather than primarily pictorial) material, especially when it is arranged spatially (such as in an outline).
Future research should also employ process measures such as
eye tracking to better determine the cognitive mechanisms underlying observing the instructor draw. For example, it would be
useful to verify whether the instructor’s hand serves to direct
students’ visual attention to relevant parts of diagrams, and
whether the presence of the instructor’s body throughout the lesson
may be distracting to some learners. Future work should also
develop precise measures of students’ feelings of social partnership during learning. A valid measure of social agency would help
better determine the extent to which effects of observing the
instructor draw are uniquely due to the presence of a human
instructor rather than due to following basic cognitive principles of
multimedia learning.
Given the relatively subtle effects observed in the current study,
statistical power may have also been an issue, particularly when
testing effects between low and high prior knowledge subgroups.
For example, Experiment 4 showed a trend that viewing only the
instructor’s hand (rather than the instructor’s entire body) was
especially important for students with high prior knowledge (d ⫽
0.59) compared with students with low prior knowledge (d ⫽
0.27). Thus, a higher sample size may have been needed to detect
nuances in the drawing effect. As mentioned above, the relatively
small effect sizes may also reflect a need for a lesson with greater
complexity and outcome measures with greater sensitivity.
The current study is also somewhat limited in that each of our
research questions were addressed in a series of separate experiments rather than directly tested in one multifactored experiment,
and therefore, some conclusions are necessarily based on crossexperiment comparisons. It would be useful for these conclusions
to be tested more directly—such as whether showing the instructor’s hand or not differentially influences learning. The concern of
drawing conclusions across multiple experiments is mitigated
somewhat in the current study, however, given that all of the
experiments involved nearly identical student populations and
learning materials, and used identical measures and procedures.2
2
A one-way analysis of variance (ANOVA) across all four experiments
indicated that participants significantly differed in mean age, F(3, 480) ⫽
2.89, p ⫽ .035, with Tukey post hoc tests indicating that participants in
Experiment 4 (M ⫽ 19.5, SD ⫽ 1.7) were significantly older than participants in Experiment 2 (M ⫽ 18.8; SD ⫽ 1.6), p ⫽ .020. However,
participants did not differ in self-reported prior knowledge across the four
experiments, F(3, 480) ⫽ 0.478, p ⫽ .698, and a chi-square test of
independence indicated no significant differences in the proportion of men
and women across experiments, 2(3) ⫽ 5.60, p ⫽ .133.
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Finally, it is important for future work to continue to identify
potential boundary conditions of learning from observing the instructor draw. For example, the current study suggests that students’ prior knowledge may play an important role, such that
instructor drawing may especially benefit students with low prior
knowledge. However, the measure of prior knowledge used in the
current study was somewhat indirect, relying on students to selfreport their knowledge relevant to the Doppler effect (i.e., by
completing a checklist). This raises the possibility that students
were in part rating their self-efficacy, rather than purely provided
an indicator of their relevant prior knowledge. Nonetheless, observing the instructor draw may provide additional support for
learners with relatively low-working memory capacity or lowspatial ability. Further, the current study suggests that the presence
of the instructor’s body during the lesson may not be beneficial,
but that the instructor’s hand may be important for learning. Future
research is needed for stronger conclusions to be made regarding
the degree to which instructor presence influences learning. Finally, the nature of the to-be-learned material also may serve as a
moderating factor, with learners more likely to benefit from observing the instructor draw when the material is procedural or
conceptual in nature, rather than a series of isolated facts. Overall,
further research is needed to identify specific conditions under
which observing the instructor draw visuals promotes meaningful
learning.

References
Ainsworth, S. (2014). The multiple representation principle in multimedia
learning. In R. E. Mayer (Ed.), The Cambridge handbook of multimedia
learning (2nd ed., pp. 464 – 486). New York, NY: Cambridge University
Press. http://dx.doi.org/10.1017/CBO9781139547369.024
Arguel, A., & Jamet, E. (2009). Using video and static pictures to improve
learning of procedural contents. Computers in Human Behavior, 25,
354 –359. http://dx.doi.org/10.1016/j.chb.2008.12.014
Atkinson, R. K., Mayer, R. E., & Merrill, M. M. (2005). Fostering social
agency in multimedia learning: Examining the impact of an animated
agent’s voice. Contemporary Educational Psychology, 30, 117–139.
http://dx.doi.org/10.1016/j.cedpsych.2004.07.001
Ayres, P., Marcus, N., Chan, C., & Qian, N. (2009). Learning hand
manipulative tasks: When instructional animations are superior to equivalent static representations. Computers in Human Behavior, 25, 348 –
353. http://dx.doi.org/10.1016/j.chb.2008.12.013
Ayres, P., & Paas, F. (2012). Cognitive load theory: New directions and
challenges. Applied Cognitive Psychology, 26, 827– 832. http://dx.doi
.org/10.1002/acp.2882
Bandura, A. (1986). Social foundations of thought and action: A social
cognitive theory. Englewood Cliffs, NJ: Prentice Hall.
Barsalou, L. W. (2008). Grounded cognition. Annual Review of Psychology, 59, 617– 645. http://dx.doi.org/10.1146/annurev.psych.59.103006
.093639
Bodemer, D., Ploetzner, R., Bruchmuller, K., & Hacker, S. (2005). Supporting learning with interactive multimedia through active integration
of representations. Instructional Science, 33, 73–95.
Brockmole, J. R., Davoli, C. C., Abrams, R. A., & Witt, J. K. (2013). The
world within reach: Effects of hand posture and tool use on visual
cognition. Current Directions in Psychological Science, 22, 38 – 44.
http://dx.doi.org/10.1177/0963721412465065
Castro-Alonso, J. C., Ayres, P., & Paas, F. (2014). Learning from observing hands in static and animated versions of non-manipulative tasks.
Learning and Instruction, 34, 11–21. http://dx.doi.org/10.1016/j
.learninstruc.2014.07.005

Clark, R. E. (1994). Media will never influence learning. Educational
Technology Research and Development, 42, 21–29. http://dx.doi.org/
10.1007/BF02299088
Clark, R. E. (Ed.), (2001). Learning from media: Arguments, analysis, and
evidence. Greenwhich, CT: Information Age Publishers.
de Koning, B. B., & Tabbers, H. K. (2011). Facilitating understanding of
movements in dynamic visualizations. Educational Psychology Review,
23, 501–521. http://dx.doi.org/10.1007/s10648-011-9173-8
Derry, S. J., Sherin, M. G., & Sherin, B. L. (2014). Multimedia learning
with video. In R. E. Mayer (Ed.), The Cambridge handbook of multimedia learning (2nd ed., pp. 785– 812). New York, NY: Cambridge
University Press.
Fiorella, L., & Mayer, R. E. (2013). The relative benefits of learning by
teaching and teaching expectancy. Contemporary Educational Psychology, 38, 281–288. http://dx.doi.org/10.1016/j.cedpsych.2013.06.001
Fiorella, L., & Mayer, R. E. (2015). Learning as a generative activity:
Eight learning strategies that promote understanding. New York,
NY: Cambridge University Press. http://dx.doi.org/10.1017/
CBO9781107707085
Geary, D. C. (2008). An evolutionarily informed education science. Educational Psychologist, 43, 179 –195. http://dx.doi.org/10.1080/
00461520802392133
Geary, D. C. (2012). Evolutionary educational psychology. In K. Harris, S.
Graham, & T. Urdan (Eds.), APA educational psychology handbook
(Vol. 1, pp. 597– 621). Washington, DC: American Psychological Association.
Ginns, P. (2006). Integrating information: A meta-analysis of spatial contiguity and temporal contiguity effects. Learning and Instruction, 16,
511–525. http://dx.doi.org/10.1016/j.learninstruc.2006.10.001
Glenberg, A. M. (2008). Embodiment for education. In P. Calvo & T.
Gomila (Eds.), Handbook of cognitive science: An embodied approach
(pp. 355–372). Amsterdam, The Netherlands: Elsevier. http://dx.doi.org/
10.1016/B978-0-08-046616-3.00018-9
Goldin-Meadow, S., & Alibali, M. W. (2013). Gesture’s role in speaking,
learning, and creating language. Annual Review of Psychology, 64,
257–283. http://dx.doi.org/10.1146/annurev-psych-113011-143802
Hattie, J. (2011). Visible learning. New York, NY: Routledge.
Hoffler, T. N., & Leutner, D. (2007). Instructional animation versus static
pictures: A meta-analysis. Learning and Instruction, 17, 722–738. http://
dx.doi.org/10.1016/j.learninstruc.2007.09.013
Jeung, H., Chandler, P., & Sweller, J. (1997). The role of visual indicators
in dual sensory mode instruction. Educational Psychology, 17, 329 –345.
http://dx.doi.org/10.1080/0144341970170307
Kalyuga, S. (2014). The expertise reversal principle in multimedia learning. In R. E. Mayer (Ed.), The Cambridge handbook of multimedia
learning (2nd ed., pp. 576 –597). New York, NY: Cambridge University
Press.
Kalyuga, S., Ayres, P., Chandler, P., & Sweller, J. (2003). The expertise
reversal effect. Educational Psychologist, 38, 23–31. http://dx.doi.org/
10.1207/S15326985EP3801_4
Leahy, W., & Sweller, J. (2011). Cognitive load theory, modality of
presentation and the transient information effect. Applied Cognitive
Psychology, 25, 943–951. http://dx.doi.org/10.1002/acp.1787
Lowe, R. K., & Schnotz, W. (2014). Animation principles in multimedia
learning. In R. E. Mayer (Ed.), The Cambridge handbook of multimedia
learning (2nd ed., pp. 513–546). New York, NY: Cambridge University
Press.
Marcus, N., Cleary, B., Wong, A., & Ayres, P. (2013). Should hand actions
be observed when learning hand motor skills from instructional animations? Computers in Human Behavior, 29, 2172–2178.
Mautone, P. D., & Mayer, R. E. (2001). Signaling as a cognitive guide in
multimedia learning. Journal of Educational Psychology, 93, 377–389.
http://dx.doi.org/10.1037/0022-0663.93.2.377

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

OBSERVING THE INSTRUCTOR DRAW
Mayer, R. E. (2009). Multimedia learning (2nd ed.). New York, NY: Cambridge
University Press. http://dx.doi.org/10.1017/CBO9780511811678
Mayer, R. E. (2011). Applying the science of learning. Upper Saddle River,
NJ: Pearson.
Mayer, R. E. (2014a). Cognitive theory of multimedia learning. In R. E.
Mayer (Ed.), The Cambridge handbook of multimedia learning (2nd ed.,
pp. 43–71). New York, NY: Cambridge University Press. http://dx.doi
.org/10.1017/CBO9781139547369.005
Mayer, R. E. (2014b). Principles of multimedia learning based on social
cues: Personalization, voice, and image principles. In R. E. Mayer (Ed.),
The Cambridge handbook of multimedia learning (2nd ed., pp. 345–
368). New York, NY: Cambridge University Press. http://dx.doi.org/
10.1017/CBO9781139547369.017
Mayer, R. E., & Anderson, R. B. (1991). Animations need narrations: An
experimental test of a dual-coding hypothesis. Journal of Educational
Psychology, 83, 484 – 490. http://dx.doi.org/10.1037/0022-0663.83.4
.484
Mayer, R. E., & Chandler, P. (2001). When learning is just a click away:
Does simple user interaction foster deeper understanding of multimedia
messages. Journal of Educational Psychology, 93, 390 –397. http://dx
.doi.org/10.1037/0022-0663.93.2.390
Mayer, R. E., & DaPra, C. S. (2012). An embodiment effect in computerbased learning with animated pedagogical agents. Journal of Experimental Psychology, 18, 239 –252. http://dx.doi.org/10.1037/a0028616
Mayer, R. E., Fennell, S., Farmer, L., & Campbell, J. (2004). A personalization effect in multimedia learning: Students learn better when words
are presented in a conversational style rather than formal style. Journal
of Educational Psychology, 96, 389 –395. http://dx.doi.org/10.1037/
0022-0663.96.2.389
Mayer, R. E., & Fiorella, L. (2014). Principles for reducing extraneous
processing in multimedia learning: Coherence, signaling, redundancy,
spatial contiguity, and temporal contiguity principles. In R. E. Mayer
(Ed.), Cambridge handbook of multimedia learning (2nd ed., pp. 279 –
315). New York, NY: Cambridge University Press. http://dx.doi.org/
10.1017/CBO9781139547369.015
Mayer, R. E., Hegarty, M., Mayer, S., & Campbell, J. (2005). When static
media promote active learning: Annotated illustrations versus narrated
animations in multimedia instruction. Journal of Experimental Psychology: Applied, 11, 256 –265.
Mayer, R. E., & Moreno, R. (2003). Nine ways to reduce cognitive load in
multimedia learning. Educational Psychologist, 38, 43–52. http://dx.doi
.org/10.1207/S15326985EP3801_6
Mayer, R. E., & Pilegard, C. C. (2014). Principles for managing essential
processing in multimedia learning: Segmenting, pretraining, and modality principles. In R. E. Mayer (Ed.), Cambridge handbook of multimedia
learning (2nd ed., pp. 316 –344). New York, NY: Cambridge University
Press. http://dx.doi.org/10.1017/CBO9781139547369.016
Michas, I. C., & Berry, D. (2000). Learning a procedural task: Effectiveness of multimedia presentations. Applied Cognitive Psychology, 14,
555–575. http://dx.doi.org/10.1002/1099-0720(200011/12)14:6⬍555::
AID-ACP677⬎3.0.CO;2-4
Naumann, J., Richter, T., Flender, J., Cristmann, U., & Groeben, N. (2007).
Signaling in expository hypertexts compensates for deficits in reading
skill. Journal of Educational Psychology, 99, 791– 807. http://dx.doi
.org/10.1037/0022-0663.99.4.791
Paas, F., & Sweller, J. (2012). An evolutionary upgrade of cognitive load
theory: Using the human motor system and collaboration to support the

19

learning of complex cognitive tasks. Educational Psychology Review,
24, 27– 45. http://dx.doi.org/10.1007/s10648-011-9179-2
Paas, F., & Sweller, J. (2014). Implications of cognitive load theory for
multimedia learning. In R. E. Mayer (Ed.), Cambridge handbook of
multimedia learning (2nd ed., pp. 27– 42). New York, NY: Cambridge
University Press.
Renkl, A. (2011). Instruction based on examples. In R. E. Mayer & P. A.
Alexander (Eds.), Handbook of research on learning and instruction
(pp. 272–295). New York, NY: Routledge.
Renkl, A. (2014). Toward an instructionally oriented theory of examplebased learning. Cognitive Science, 38, 1–37. http://dx.doi.org/10.1111/
cogs.12086
Rummel, N., Spada, H., & Hauser, S. (2009). Learning to collaborate while
being scripted or by observing a model. International Journal of
Computer-Supported Collaborative Learning, 4, 69 –92. http://dx.doi
.org/10.1007/s11412-008-9054-4
Scheiter, K. (2014). The learner control principle in multimedia learning.
In R. E. Mayer (Ed.), Cambridge handbook of multimedia learning (2nd
ed., pp. 487–512). New York, NY: Cambridge University Press. http://
dx.doi.org/10.1017/CBO9781139547369.025
Schunk, D. H. (1981). Modeling and attributional effects on children’s
achievement: A self-efficacy analysis. Journal of Educational Psychology, 73, 93–105. http://dx.doi.org/10.1037/0022-0663.73.1.93
Schunk, D. H., & Hanson, A. R. (1985). Peer models: Influence on
children’s self-efficacy and achievement. Journal of Educational Psychology, 77, 313–322. http://dx.doi.org/10.1037/0022-0663.77.3.313
Schunk, D. H., Hanson, A. R., & Cox, P. D. (1987). Peer-model attributes
and children’s achievement behaviors. Journal of Educational Psychology, 79, 54 – 61. http://dx.doi.org/10.1037/0022-0663.79.1.54
Singer, M. A., & Goldin-Meadow, S. (2005). Children learn when their
teacher’s gestures and speech differ. Psychological Science, 16, 85– 89.
http://dx.doi.org/10.1111/j.0956-7976.2005.00786.x
Stull, A., & Mayer, R. E. (2007). Learning by doing versus learning by
viewing. Three experimental comparisons of learner-generated versus
author-provided graphic organizers. Journal of Educational Psychology,
99, 808 – 820. http://dx.doi.org/10.1037/0022-0663.99.4.808
Sweller, J. (2008). Instructional implications of David C. Geary’s evolutionary educational psychology. Educational Psychologist, 43, 123–138.
Sweller, J., Ayres, P., & Kalyuga, S. (2011). Cognitive load theory. New
York, NY: Springer. http://dx.doi.org/10.1007/978-1-4419-8126-4
van Gog, T., Paas, F., Marcus, N., Ayres, P., & Sweller, J. (2009). The
mirror neuron system and observational learning: Implications for the
effectiveness of dynamic visualizations. Educational Psychology Review, 21, 21–30. http://dx.doi.org/10.1007/s10648-008-9094-3
Wong, A., Marcus, N., Ayres, P., Smith, L., Cooper, G. A., Paas, F., &
Sweller, J. (2009). Instructional animations can be superior to statics
when learning human motor skills. Computers in Human Behavior, 25,
339 –347. http://dx.doi.org/10.1016/j.chb.2008.12.012
Zimmerman, B. J., & Kitsantas, A. (2002). Acquiring writing revision and
self-regulatory skill through observation and emulation. Journal of Educational Psychology, 94, 660 – 668. http://dx.doi.org/10.1037/00220663.94.4.660

Received February 18, 2015
Revision received May 29, 2015
Accepted June 1, 2015 䡲

