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chemnitzde Whiteboard animations have become very popular in recent years. They are mainly

" Psychology of Learning used in distance education, where learners can acquire knowledge individu-
;’é‘:&g&%ﬂgjﬁ‘ca&‘E;‘C'E‘Jttye ally and without the help of a teacher. However, there is little empirical evidence

of Humanities, Chernnitz on how whiteboard animations should be designed to achieve learning-enhancing
University of Technology, effects. Since the presentation of whiteboard animations is reminiscent of a teacher
g&eezg'taai‘zg;izm The drawing or showing content on a whiteboard, the hand has been identified
Bauhaus-Universitat, Weimar, as an essential feature of this learning medium. Therefore, the aim of this experimental
Germany study was to investigate whether and how the human hand should be implemented

in whiteboard animations for the presentation of visual content. University students
(N=84) watched a whiteboard animation in which the type of information inser-

tion was manipulated (hand drawing content vs. hand pushing content in vs. no hand
visible). Results revealed that the drawing hand on a whiteboard led to significantly
higher intrinsic motivation than the hand pushing visual content onto the whiteboard.
Contrary to assumptions derived from cognitive load theory, the implementation

of a human hand did not cause extraneous cognitive load. However, no other effects
on the perception of the instructor, cognitive load, and learning performance were
found. The results are discussed in terms of both cognitive and social processes in mul-
timedia learning.
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Introduction

Imagine the following situation: You are sitting in a classroom and listening to the
teacher as he or she writes down learning content on the whiteboard. What probably
reminds most people of (analog) school days gone by, can now also be achieved with
whiteboard animations. With the growing use of technology-based learning environ-
ments, whiteboard animations have become a popular tool used in distance learning
and informal instructional contexts, such as YouTube. They are the digital equivalent of
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analog drawings on a whiteboard. Whiteboard animations show the digital process of
drawing or animating pictures on a whiteboard accompanied by a human voice (Tiirkay,
2016). However, there is a discrepancy between the increasing use of whiteboard anima-
tions in educational contexts and the gap in knowledge about how to design them. Per-
haps the most striking feature of whiteboard animations is the human hand writing or
pushing content on the whiteboard (e.g., Fiorella & Mayer, 2016). Considering both cog-
nitive and social processes during learning, this study aims to examine whether the pres-
ence of a human hand in whiteboard animations is associated with learning-enhancing
effects. In this context, the present study experimentally examines two types of informa-
tion insertion, that are commonly used in whiteboard animations, often in a combined
form: a human hand drawing visual content on a whiteboard and a human hand pushing
the visual content onto the whiteboard (content already drawn). Furthermore, a control
group is included in which no hand is shown and the content appears automatically on
the whiteboard. By this, theoretical and practical implications will be derived.

Theoretical background

The learning tool whiteboard animation

Animations (or dynamic visualizations) are defined as visual representations in which
changes in space and time are explicitly displayed (e.g., Pl6tzner & Lowe, 2012). Dynamic
visualizations consist of a series of static pictures displayed in rapid sequence. This cre-
ates the optical illusion of continuous change (Plotzner et al., 2021). For learning, anima-
tions are thought to have an advantage over static pictures. A recent meta-analysis by
Castro-Alonso et al. (2019) found a small effect (g+ =0.23) in favor of dynamic visu-
alizations. However, as pointed out by Mayer and Moreno (2002), animations are not
per se conducive to learning. From a learner-centered perspective, animations need
to be designed and presented according to current learning theories and their recom-
mendations. A rationale for the use of animations in educational settings can be pro-
vided by the cognitive theory of multimedia learning (CTML; Mayer, 2021). Based on
the assumptions that people process visual and auditory information in separate chan-
nels (Clark & Paivio, 1991), have a limited working memory capacity (Baddeley, 1992),
and actively engage in information processing (Wittrock, 1989), animations should be
designed to support learners in building up a coherent mental model of learning-rele-
vant information.

One sub-type of animations are whiteboard animations. This learning tool includes
“videos that depict the process of drawing a finished picture, usually on a whiteboard
or something resembling a whiteboard” (Tiirkay, 2016, p. 103). Hereby, pictures are usu-
ally drawn by a human hand or slid onto the whiteboard (e.g., Krieglstein et al., 2023). In
doing so, Schneider et al. (2023) could show that the progressive drawing of visual con-
tent (i.e., dynamic visualization) within a whiteboard animation is associated with higher
retention and transfer performance than the presentation of the finished drawn picture
(i.e., static picture). The illustrations are usually accompanied by a narrator’s voice, giv-
ing learners the feeling that they are following an instructor as he or she explains the
learning content on the whiteboard.

The current state of research on whiteboard animations is mostly limited to media
comparisons, for example with brochures and PowerPoint slideshows (e.g., Occa &



Krieglstein et al. Smart Learning Environments (2023) 10:39 Page 3 of 17

Morgen, 2022; van der Meij & Draijer, 2021). In a study by Tiirkay (2016), whiteboard
animations were shown to be associated with significantly better retention performance
than audio and text presentations. Moreover, whiteboard animations increase percep-
tions of engagement and enjoyment. However, the novelty effect cannot be completely
ruled out as a basis for explanation (e.g., Clark, 1983). Comparing different media in
terms of their ability to promote learning is fraught with the danger of confounded com-
parisons (e.g., Clark, 1985). For example, because whiteboard animations and texts are
different media representations, a comparison is not useful as no concrete design rec-
ommendations can be derived. Overall, there is still little insight into how whiteboard
animations should be designed. This requires controlled experiments in which selected
components of the whiteboard animation are manipulated. In this context, the human
hand, which animates the content on the white background, e.g. by drawing it or drag-
ging it onto the whiteboard, can be considered as a key component of whiteboard
animations.

Different roles of the human hand in whiteboard animations
Although the human hand has been used in a variety of whiteboard animations pre-
sented in experimental research (e.g., Turkay, 2016; van der Meij & Draijer, 2021), there
is still no empirical evidence as to whether this is at all conducive to learning at all. How-
ever, there is already a considerable body of theory and frameworks that argue for or
against the inclusion of the hand in whiteboard animations.

Human instructor

One way to increase the social affordances of computer-based learning environments
such as whiteboard animations is the implementation of human instructors (e.g., Pi
et al., 2020; Wang & Antonenko, 2017; Wilson et al., 2018). In recent years, several stud-
ies have investigated the effects of a human instructor on multimedia learning (e.g., Law-
son et al.,, 2021; Ramlatchan et al., 2020; Wang et al., 2020). Human instructors must
be distinguished from pedagogical agents, which are defined as virtual (nonhuman) on-
screen characters (Martha & Santoso, 2019). However, Henderson and Schroeder (2021)
argue that the use of human instructors and pedagogical agents follow the same logic,
as both serve to enhance social interaction in learning and ultimately improve learning
performance. Similarly, studies comparing human and virtual instructors have found no
significant differences in terms of their effects on learning performance (e.g., Horovitz
& Mayer, 2021). Lawson et al. (2021) were also able to show that learners can similarly
recognize emotional tones displayed by human or virtual instructors.

It is generally assumed that such social partners serve educational purposes by guid-
ing the learner through a digital learning environment (Heidig & Clarebout, 2011). The
instructor or agent can be seen as a knowledgeable mentor who motivates the learner
(Baylor & PALS, 2003). In principle, the human instructor does not have to be com-
pletely visible, i.e., from head to toe. For example, it is sufficient, if a human hand is
visible (e.g., Fiorella & Mayer, 2016; Schroeder & Traxler, 2017) or a human voice (e.g.,
Atkinson et al., 2005; Mayer et al., 2003) is audible to recite the learning content. Studies
have shown that an instructor in a multimedia learning environment increases intrinsic
motivation (Beege et al., 2022) and mental effort (Lin et al., 2020).
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The approach of implementing pedagogical agents or instructors in multimedia learn-
ing is closely related to the embodiment principle (e.g., Fiorella, 2021). Based on the
assumption that the human motor system is involved in a variety of cognitive tasks (e.g.,
mathematics; Wakefield et al.,, 2019), the embodiment principle recommends imple-
menting task-relevant sensorimotor experiences in the learning environment. In this
context, studies have shown that a pedagogical agent performing physical movements
such as gestures within a learning environment leads to improved learning performance
(e.g., Mayer & DaPra, 2012; for a meta-analysis see Davis, 2018). It is not always neces-
sary for the learner to perform such movements— often it is sufficient to observe them
(e.g., Cook et al., 2013). This kind of “thinking with the body” extends working memory
capacity and cognitively relieves the learner (Sepp et al., 2019).

The justification for including human instructors in multimedia learning environ-
ments can be further explained by several other theories. From a human-computer
interaction perspective, the beneficial effect of pedagogical agents can be explained by
the computers as social actors (CASA) paradigm (Nass et al., 1994). In this context, peo-
ple tend to interact with a pedagogical agent presented on a computer in a similar way
as they would with a real person. When people attribute human-like characteristics to a
digitally presented instructor, the persona effect comes into play (e.g., Craig et al., 2002).
In this context, instructors need to have a persona—an authentic agent that facilitates
learning and appears engaging, human-like, and credible (Baylor & Ryu, 2003). Simi-
larly, the social agency theory, which is anchored in multimedia learning research (Mayer
et al., 2003), posits that the presence of a pedagogical agent or human instructor in a
multimedia learning environment causes learners to feel that they are engaged in social
interaction. When learners perceive such social cues, they become more engaged in
learning, which in turn is associated with better learning outcomes. In this context, the
cognitive-affective-social theory of learning in digital environments (CASTLE), proposed
by Schneider et al. (2022a), argues that social cues resulting from the interaction with
pedagogical agents or human instructors activate social schemata that lead to improved
learning-relevant, motivational, and metacognitive processes.

Seductive detail

It is often argued that a human hand in an instructional video or whiteboard animation
is unnecessary or even detrimental to learning, leading to the classification of the human
hand as a seductive detail (for a meta-analysis, see Sundararajan & Adesope, 2020). This
position is supported by cognitive load theory (CLT; Sweller, 2020). In line with this cog-
nitive-oriented framework, the hand in a whiteboard animation can be defined as inter-
esting but irrelevant information that is not essential for achieving the learning goal (e.g.,
Harp & Mayer, 1998). According to CLT, the argument against such seductive details is
that they increase extraneous cognitive load (ECL). In general, ECL depends on the pres-
entation and design of the learning material (Sweller et al., 2019).

The aim, therefore, is to reduce extraneous processing by providing appropriate learn-
ing materials so that unnecessary cognitive resources are not wasted on processes
irrelevant to learning. This frees up enough resources to deal with the complexity of
the information to be learned. The complexity of the learning material is referred to
as intrinsic cognitive load (ICL). It is assumed that the task complexity depends on the
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element interactivity, which describes the amount of information that must be learned at
the same time. Besides, the complexity of a task can be reduced if learners can draw on
prior knowledge (Sweller et al., 2019). The third type of cognitive load, germane cogni-
tive load (GCL), refers to learning-relevant activities in which learners actively invest
cognitive resources (Kalyuga, 2011). In contrast to ICL and ECL, which are perceived
passively, GCL plays an active role in learning. Ideally, the investment of cognitive
resources results in knowledge being stored in long-term memory in the form of sche-
mata (Kirschner, 2002).

Returning to the human hand in whiteboard animations as a seductive detail: It is sug-
gested that when ECL is increased, fewer cognitive resources are available to devote to
intrinsic load. In this context, CLT recommends a “less is more” approach to the design
of learning environments (Mayer, 2014). This means that learning materials should be
designed in such a way that available working memory resources are used for germane
processing, i.e. the construction and automation of schemata (Kirschner, 2002; Paas &
van Merriénboer, 2020). Similarly, the coherence principle, derived from CTML, sug-
gests that non-essential visual information, such as a human hand, should be avoided
because processing it unnecessarily consumes cognitive resources (Mayer et al., 2008).
Similarly, Schroeder and Traxler (2017) have found that the inclusion of a human hand
in an instructional video is associated with lower learning performance compared to a
condition in which the human hand is absent. The authors suggest that the hand is an
extraneous feature that consumes working memory resources that would be needed
for learning. This seems to be especially the case when teaching complex topics (caus-
ing high ICL) with an instructional video. However, the study by Schroeder and Traxler
(2017) was based purely on a comparison of whether the presence of a human hand is

conducive to learning or not.

Dynamic drawing principle

A salient feature of whiteboard animations is the drawing of visual content by a human
hand, similar to a teacher writing on a whiteboard. In this context, empirical findings
support the idea of implementing human-generated drawings in instructional videos. In
multimedia learning research, the dynamic drawing principle (Fiorella & Mayer, 2016;
Fiorella et al., 2019, 2020; Mayer et al., 2020) describes that people learn better when a
video lecture shows the instructor drawing content than when the instructor refers to
already drawn content. Accordingly, in a study by Fiorella and Mayer (2016), students
watched a video lecture either in an already-drawn format or watched the instructor
draw the content by hand. Across four experiments, results revealed that watching an
instructor drawing content is beneficial for learning. It also appeared that watching the
instructor drawing contents was only beneficial for learners with low prior knowledge.
Furthermore, observing a drawing instructor promotes learning when both the instruc-
tor’s body and the instructor’s hand are visible. The instructor drawing hypothesis was
also confirmed in another study by Fiorella et al. (2019).

As outlined by Fiorella et al. (2020), there are cognitive and motivational benefits
to observing dynamic drawings, as is common in whiteboard animations. In this con-
text, basic principles of multimedia learning are considered when content is drawn by
an instructor (e.g., Fiorella & Mayer, 2016). Thus, dynamic drawings act as signals that
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direct learners’ attention to learning-relevant content (signaling principle or cueing
principle; Alpizar et al., 2020; Chun, 2000). In addition, the simultaneous presentation
of visual drawings and corresponding oral explanations supports temporal contiguity
within the learning material (e.g., Ginns, 2006). In this way, ECL can be reduced so that
sufficient cognitive resources are available for processing learning-relevant information.
Considering the above remarks on social cues, it is assumed that dynamic drawing moti-
vates learners to engage deeply in generative processing (Fiorella et al., 2020). As a result,
learners are motivated to invest mental effort in learning so that engaged learning leads
to successful learning.

The present study

In summary, the theories discussed above take rather opposing positions on the use of
a human hand in whiteboard animations, depending on whether one views the learning
process from a cognitive or a social perspective. Experiments conducted by Fiorella and
Mayer (2016), as well as Fiorella et al., (2019, 2020), seem to suggest that a human hand
drawing content on a whiteboard is more beneficial for learning than a human referring
to already drawn content. However, it is still unclear whether a human hand pushing
the visual content on the whiteboard without drawing it is also conducive to learning.
Following assumptions derived from CLT and CTML assuming that the human hand is
an interesting but learning-irrelevant extraneous detail (e.g., Sundararajan & Adesope,
2020), a control group is added in which the visual content appears automatically on
the whiteboard without a human hand being visible. Thus, the objective of the present
study is to determine whether and, if so, how the human hand should be implemented in
whiteboard animations for the presentation of visual content. In this context, the effects
of the intentional manipulation on learning-relevant variables will be examined. Due to
the rather conflicting theoretical backgrounds, research questions (RQ) are formulated:

What is the impact of different information insertion styles (hand drawing content,
hand pushing content in, no hand visible) on ...

RQ1 The perception of the instructor?
RQ2 Cognitive load?
RQ3 Intrinsic motivation?

RQ4 Learning performance?

Methods

Participants and design

This experiment is based on a single-factor design with three levels (independent vari-
able: information insertion). Because previous research on dynamic drawing has mostly
shown medium to large effects (e.g., Fiorella et al., 2019), an a-priori power analysis
(G*Power version 3.1; Faul et al., 2009) was conducted assuming an effect size of f=0.35.
This analysis recommended a minimum sample size of 84 participants (1 —3=0.80;
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a=0.05). Data were collected from 94 students. Due to technical problems (e.g., screen-
sharing did not work, whiteboard animation on the website did not fully load), ten par-
ticipants had to be excluded. The remaining 84 students (76.2% female, 2.4% did not
specify their gender; M,, =23.2; SD
(Germany) were considered for statistical analyses. Students were enrolled in media

age = 3.1) from Chemnitz University of Technology
communication (56.0%), media and instructional psychology (31.0%), computer science
& communication studies (2.4%), and other study programs (10.7%). At the time of the
study, the participants were studying between the 1st and the 12th semester (M=3.2;
SD=2.1). As compensation for participating in the study, students received either 6€ or
0.75 h course credit. Each student was randomly assigned to one condition. Accordingly,
participants learned the whiteboard animation in one of three conditions (hand drawing
content vs. hand pushing content in vs. no hand visible). All three groups consisted of 28
participants (see Table 1 for detailed demographic characteristics). The prior knowledge
of the participants on the learning content can be classified as low (M=1.3; SD=1.0;
with a maximum of eight points).

Learning material

The material consisted of a whiteboard animation about black holes and Hawking radia-
tion. It explained what exactly black holes are and the theory behind their definition.
The physical function of black holes (gravity) was also explained. In this context, it was
explained why a black hole generates extremely strong gravity in its immediate vicin-
ity. Regarding Hawking radiation, it was explained that it is said to emanate from the
event horizon of a black hole. There, so-called particle-antiparticle pairs are formed.
Near the event horizon, however, it is possible that the antiparticle crashes into the black
hole, while the matter particle escapes and thus the black hole actually emits radiation.
The whiteboard animation lasted 8:44 min and was created using the software Doodly
(Voomly LLC., 2021). In detail, the whiteboard animation consisted of 18 slides with a
varying number of images per slide. A total of 42 mostly comic-like pictures were used.
On some slides, short written words were added, such as labels or important numbers.
In all conditions, the whiteboard animation and the content were identical, the only dif-

ference being how the visual learning contents was animated (see Fig. 1). Hence, the

Table 1 Demographic characteristics of participants

Characteristic Hand draws Hand pushes in No hand
content content visible
n % n % n %
Gender
Female 22 78.6 19 73.1 23 82.1
Male 6 214 7 269 5 179
Study program
Media communication 16 57.1 16 571 15 536
Media and instructional psychology 10 357 9 321 7 25
Computer science & communication studies 1 36 1 3.6 0 0
Others 1 36 2 7.1 6 214

Participants were on average 23.2 years old (SD = 3.1). They were studying between the 1st and the 12th semester (M=3.2;
SD=2.1)
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Fig. 1 Manipulation of the information insertion within the whiteboard animation. Note. The learning
material was presented in German

visual content was animated either by drawing the content with a human hand (con-
dition hand drawing content), by pushing the visual content onto the whiteboard (con-
dition hand pushing content in), or the visual content was animated without a human
hand, appearing virtually out of nowhere (condition no hand visible). In detalil, in the
drawing condition, a human hand (right-handed) drew all the visual content with a pen
(i.e., it wrote the texts and drew the pictures). In the pushing condition, the visual con-
tent was pushed onto the whiteboard by a human hand. The content was pushed onto
the whiteboard by the shortest route. This means, for example, that content that is vis-
ible on the left was pushed onto the whiteboard from the left. In the condition without
a human hand, the visual content appeared as if it had been written by a human hand
without the hand being visible. The visible hands were rather neutral, i.e. they could not
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be clearly assigned to the male or female gender. Following the voice principle (Mayer
et al., 2003), the visual content was accompanied by a human voice. Consistent with
meta-analytical findings of Castro-Alonso et al. (2021), the human voice was female, as it
has been shown that a pedagogical agent with a female voice has a larger effect on learn-
ing outcomes. The whiteboard animation was presented system-paced, indicating that
the learner had no control over the progress of the whiteboard animation (Biard et al.,

2018). Learners were able to view the whiteboard animation once.

Measures
For all measures, the coefficient McDonald’s w (McDonald, 1999) was chosen to calcu-

late internal consistency.

Perception of the instructor

The agent persona instrument (APL; Ryu & Baylor, 2005) was used to measure the per-
ception of the instructor. In detail, the subscales facilitating learning (ten items; © =0.90;
e.g., “The agent kept my attention”), credible (five items; v =0.77; e.g., “The agent was
helpful”), and engaging (five items; » =0.85; e.g., “The agent was motivating”) were used.
Participants rated the items on a 5-point Likert scale ranging from (1) “strongly disa-
gree” to (5) “strongly agree”.

Cognitive load

Learner’s perceived cognitive load during learning was measured with the questionnaire
by Klepsch et al. (2017). A meta-analysis by Krieglstein et al. (2022) has shown that self-
rating scales can reliably measure cognitive load. In detail, the German sub-scales of ICL
(two items; v =0.81; e.g., “This task was very complex”), ECL (three items; » =0.82; e.g.,
“During this task, it was exhausting to find the important information”), and GCL (two
items; @ =0.71; e.g., “My point while dealing with the task was to understand everything
correct”) were used. Each item has to be rated on a 7-point Likert scale ranging from (1)
“strongly disagree” to (7) “strongly agree”.

Intrinsic motivation

The learner’s motivation was measured with the situational motivation scale (SIMS;
Guay et al., 2000). For the aim of this study, the sub-scale intrinsic motivation consist-
ing of four items was used (w=0.88). Specifically, participants were asked to indicate
why they are currently engaged in this activity. For example, the item “Because I think
that this activity is pleasant” had to be rated on a 7-point Likert scale ranging from (1)
“strongly disagree” to (7) “strongly agree”.

Knowledge measures

First, prior knowledge was gathered because it affects learning performance as well
as cognitive load perception (e.g., Chen et al, 2017). Accordingly, it was measured
with three open-answer questions (e.g., “What are black holes?”). Two raters scored
the responses with the help of a prepared list with correct answers. The rater’s agree-
ment (i.e., inter-rater reliability; McHugh, 2012) was moderate to strong across all three
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questions (question 1: k=0.73; question 2: k=1.00; question 3: k=0.86). Overall, par-
ticipants had low prior knowledge (M =1.31; SD=1.01; maximum of eight points).

Second, learning performance was measured with two types of learning tests —
a single-choice and a multiple-choice test. For all eleven single-choice questions,
one answer per question was correct. All questions had four possible answers. One
example test is the question “What is the physical force of a black hole?”, which was
presented with the answer options (a) “gravitational force”, (b) “magnetism’, (c) “elec-
tromagnetism’, and (d) “centrifugal force” In this example, the correct answer was
(a). A total of eleven points could be earned on the single-choice test. Moreover,
four multiple-choice were presented. Three out of four questions had five answer
possibilities. Due to a technical error, one question was presented with four answer
choices (however, the correct answer was included in this question, so the question
was included in the analysis). The number of correct answers varied between ques-
tions, but at least one answer was correct. Participants received one point for rec-
ognizing an item as correct. Furthermore, one point was given if an incorrect item
was identified as incorrect. An example from the multiple-choice test is the ques-
tion “Which statements about black holes are correct?”. This question was presented
with the answer options (a) “The surface of a black hole resembles that of a star’,
(b) “Black holes are objects whose mass maximizes to an extremely large volume
as a result of a supernova’, (c) “In the singularity, space—time no longer exists”, (d)
“The escape velocity is higher than the speed of light’, and (e) “Black holes are a spe-
cial space—time with an extremely compact volume” For this question, the answer
options (d) and (e) were correct. A total of 19 points could be achieved in the multi-
ple-choice test resulting in a total score of 30 points for the learning test.

Procedure

The experiment was conducted online via the web conferencing platform BigBlue-
Button (https://bigbluebutton.org/). Participants were recruited with the help of
mailing lists. The experiment took place with a maximum of four participants at a
time. In the beginning, participants were informed that they were about to watch
a whiteboard animation dealing with an astrophysical topic. Participants were also
instructed that they would have to answer questions about the learning content
after the learning phase. Each participant was assigned to a breakout room where
they were asked to share their screen until the end of the perception of the learn-
ing material. This was done to ensure that the participants were engaged with the
whiteboard animation. After reception, screen sharing could be stopped so that the
learners could work on the learning questions and questionnaires without pressure.
After receiving the link to the learning environment, participants could start the
experiment by themselves. First, participants worked through the questions on prior
knowledge. Then they were redirected to a learning website where the whiteboard
animation was presented. It was not allowed to pause the video or skip, or re-watch
certain parts. After viewing the whiteboard animation, the dependent variables were
measured in the following order: perception of the pedagogical agent, intrinsic moti-
vation, cognitive load, and learning performance. Finally, participants were asked
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to provide some demographic information. In total, the experiment lasted about

45 min.

Results

For data analysis, IBM SPSS Statistics 29 (IBM Corp., 2022) was used. One-way analyses
of variance (ANOVA) or multivariate analyses of variance (MANOVA) were calculated
depending on the research question and the resulting number of dependent variables.
For all variance analyses, the group variable information insertion was set as the inde-
pendent variable. In the case of a significant ANOVA (a=0.05), post-hoc tests were cal-
culated to identify which group means differ significantly from each other (Kim, 2014).
Tukey’s honestly significant difference (HSD) was calculated as multiple comparison
procedure (Jaccard et al., 1984). In the case of a significant MANOVA, follow-up ANO-
VAs were calculated separately for each dependent variable. Partial eta-squared (npz)
was calculated as effect size. For interpretation, the conventions proposed by Cohen
(1988) were followed (0.01 =small; 0.06 =moderate; 0.14=Iarge). Because analysis of
variance as a parametric procedure must meet the assumptions of variance homogeneity
and normal distribution, appropriate tests were conducted (Lix et al., 1996). Only viola-
tions of the assumptions were reported. The descriptive results of all dependent vari-
ables are displayed in Table 2.

Do the three groups differ on control variables?

A preliminary issue is to ensure that the three groups were equivalent on control vari-
ables resulting from randomization (e.g., Suresh, 2011). Therefore, one-way ANO-
VAs and chi-square tests were conducted. No significant differences with regard to
age, F(2, 81)=0.29; p=0.752; prior knowledge, F(2, 81)=0.72; p=0.492; gender, x*(2,
N=84)=0.65; p=0.721; study program, x*(6, N=84)=6.25; p=0.396; and current
semester, F(2, 81) =2.42; p=0.095, were found. It can be concluded that the groups are
equivalent on control variables and therefore comparable.

Table 2 Mean scores and standard deviations of all dependent and control variables

Type of scale Hand draws content Hand pushes in content  No hand visible

(N=28) (N=28) (N=28)

M SD M SD M sD
Prior knowledge (0-8) 148 1.02 1.16 1.03 1.28 1.00
Learning facilitating (1-5) 3.39 0.84 3.56 0.74 3.58 0.70
Credible (1-5) 3.88 0.75 3.99 0.54 3.86 0.67
Engaging (1-5) 339 0.77 3.14 0.63 3.26 0.77
ICL (1-7) 5.63 0.82 498 152 541 1.11
ECL(1-7) 3.86 142 3.19 1.25 3.70 1.41
GCL (1-7) 571 0.99 5.19 117 554 1.00
Intrinsic motivation (1-7) 438 0.90 3.55 141 3.76 1.28
Single-Choice (0-11) 6.39 1.75 6.79 1.91 6.00 213
Multiple-choice (0-19) 843 1.87 9.04 244 8.61 2.01

Minimum and maximum of each scale are given in parentheses
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RQ1: impact on the perception of the instructor

Following the agent persona instrument, the three facets facilitating learning, credible,
and engaging were calculated simultaneously using a MANOVA. No significant effect
could be found, Wilk’s A=0.91, F(6, 158)=1.30, p =0.261, r]p2 =0.05. Therefore, no fol-
low-up ANOVAs were calculated.

RQ2: impact on cognitive load

Since the variables ICL, ECL, and GCL were not normally distributed and the assump-
tion of homogeneous covariance matrices was violated, non-parametric tests were
conducted as these have a lower type I error rate. Thus, Kruskal-Wallis tests were calcu-
lated. No significant effects on ICL, H(2)=2.29, p=0.319; ECL, H(2) =2.76, p =0.252;
and GCL, H(2) =3.87, p=0.145, were found. Consequently, post-hoc tests were omitted.

RQ3: impact on intrinsic motivation

An ANOVA revealed a significant main effect of the independent variable on intrinsic
motivation, F(2, 81)=3.51, p=0.034, r]p2:0.08. Pairwise-comparisons found that the
condition hand drawing content reported a significantly higher intrinsic motivation than
the condition hand pushing contents in (p =0.033). Comparisons between hand drawing
content and no hand visible (p=0.147) and hand pushing content in and no hand visible
(p=0.788) failed to reach significance.

RQ4: impact on learning performance

Because both single-choice and multiple-choice questions were used to measure learn-
ing performance, a MANOVA was calculated. This analysis revealed no significant
effect; Wilk’s A=0.96, F(4, 160)=1.30, p=0.516, qp2=0.02. Therefore, no follow-up
ANOVAs were calculated.

General discussion

Theoretical conclusions

The current study aimed to take a closer look at the human hand in whiteboard ani-
mations. Based on influential theories in multimedia learning and instructional psy-
chology research, it should be figured out which type of information insertion within
whiteboard animations is most conducive to learning. Due to the rather contradictory
theoretical assumptions, the research questions were formulated to determine whether a
human hand in whiteboard animations aids learning as a social cue that activates social
schemata, or whether the hand can be omitted to direct attention to learning-relevant
information. Furthermore, this study did not focus purely on the comparison between
a visible hand and no visible hand (as in the study by Schroeder & Traxler, 2017), but
manipulated two different information insertion styles commonly used in whiteboard
animations. The results show that it is rather irrelevant for learning whether visual con-
tent in a whiteboard animation is drawn by hand, is pushed in by a hand, or appears
automatically on the whiteboard. All information insertion options used in this study
lead to comparable learning outcomes. Moreover, the inclusion of a human hand as
a social cue within a whiteboard animation did not make the instructor appear more
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learning-facilitating, credible, or engaging. But what are the reasons for the lack of
effects on learning performance, the perception of the instructor, and cognitive load?

In general, these findings do not fully support the assumptions derived from the
embodiment principle (Fiorella, 2021) as well as social agency theory (Mayer et al., 2003).
A key assumption of this study was that the drawing hand is most reminiscent of a
teacher drawing visual content on a whiteboard while explaining the content. According
to the theories, this should increase social interaction and perception of the instructor as
a social cue, but this was not reflected in the results. Similarly, the implementation of a
human hand in an instructional video did not enhance the instructor’s ability to facilitate
learning (Schroeder & Traxler, 2017). It may be that the human voice in a whiteboard
animation seems is sufficient for the instructor to be perceived as engaged, credible,
and learning-facilitating (e.g., Mayer & DaPra, 2012; Mayer et al., 2003). The human
hand does not seem to play the expected role in learning with whiteboard animations,
as learners concentrate on the progress of the animation and pay little attention to the
hand. On the other hand, it is encouraging to note that the drawing hand in the white-
board animation resulted in a significantly higher intrinsic motivation than a hand that
pushes content onto the whiteboard. This seems to be further evidence for the dynamic
drawing principle, noting that Fiorella et al. (2020) argue that observing dynamic draw-
ing provides motivational benefits, but do not substantiate this with empirical evidence.
It should be noted, however, that higher intrinsic motivation does not lead to better
learning performance.

In terms of cognitive processes, results seem to refute the assumption derived from
CLT that the human hand in a whiteboard animation is a seductive detail with a nega-
tive impact on learning (as pointed out by Schroeder & Traxler, 2017). The human hand
(whether drawing or pushing in content) did not increase ECL. From an evolutionary
educational psychology perspective, it seems reasonable that human movements are
processed automatically because they can be framed as biologically primary knowledge
(Geary, 2002). This does not cause additional ECL. Similarly, Schneider et al. (2022b)
were able to show that gestures and facial expressions performed by a human instruc-
tor did not result in a higher ECL. Across all conditions in this study, ICL (i.e., the task
complexity) was relatively high. Consistent with CLT, no differences were found here
because only the type of presentation was manipulated and not the complexity of the
information to be learned (Sweller et al., 2019). The high complexity of the learning envi-
ronment could also explain the non-significant effects. Accordingly, learners focused
primarily on the information to be learned and paid less attention to the human hand.
Learners are likely to block out learning-irrelevant elements such as the hand and focus
on the information to be learned. Similarly, Rop et al. (2018) could show that as learning
time increases, learners can adapt their learning strategy and ignore learning-irrelevant
information.

Practical implications

The results of this study suggest that the presence of a human hand in a whiteboard
animation does not have a negative effect on learning. However, no general design
recommendations for the human hand in whiteboard animations can be derived from

a single study. In this context, the results cannot be generalized to other age groups
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(e.g., children), learning topics (e.g., biology), or educational settings (e.g., elementary
school). Thus, further studies are needed that attempt to replicate the results of this
study in other contexts to increase the generalizability of the findings (e.g., Plucker &
Makel, 2021). However, in light of the results of this study, it can be concluded that
when instructional designers create whiteboard animations for educational purposes,
they are quite free to decide whether a human hand should be visible and how it should
be animated (drawing or pushing in content). Based on the dynamic drawing principle,
which can be considered as empirically well proven (e.g., Fiorella & Mayer, 2016; Fiorella
et al,, 2019, 2020; Mayer et al., 2020), the possibility of having the content drawn by a
human hand should be considered. This is also supported by the fact that the human
hand (whether drawing the content or pushing it onto the whiteboard) does not cause
any additional ECL. In light of social agency theory (Mayer et al., 2003) and the CASTLE
framework (Schneider et al., 2022a), a human hand could be implemented as a social cue

to prime a social response from the learner.

Limitations and future directions

In addition to the interesting findings of this study, there are also several limitations that
should be taken into account when interpreting the results and that should guide future
studies. The first limitation relates to the production of the learning material. In this
context, the individual conditions were created using software to ensure that only the
insertion of information is manipulated. However, the human hand and its movements
look somewhat artificial in some parts of the animation. Furthermore, the human hands
in the drawing and pushing conditions differed slightly in appearance. For example, the
hand in the hand pushing content condition had a slightly darker skin tone. Second, the
experiment was conducted with a student sample. Given that whiteboard animations are
presented on online platforms that reach a diverse audience, more research is needed on
whether the findings can be generalized to other target groups (e.g., children or seniors).
In this context, it would be interesting to see if the results can be replicated with other
learning topics. Third, the learning material was presented with system-pacing meaning
that students had no control over the progress of the whiteboard animation. Tshould
ensure internal validity. In line with the interactivity principle, further studies should
investigate whether the findings also occur when learners can adapt the progress of the
learning material to their own pace (e.g., Evans & Gibbons, 2007). Fourth, one of the
explanations supporting the implementation of a human hand in whiteboard animations
is that learners pay more attention to the learning content. To measure learners’ atten-
tion to the hand, future studies could consider the possibility of collecting eye-track-
ing data (e.g., van Gog & Scheiter, 2010). This could provide more insight into whether
learners direct their visual attention to the hand within the whiteboard animation.
Fifthly, future studies should measure learners’ familiarity with whiteboard animations.
Familiarity with media technologies and instructional methods can have a crucial impact
on how learners use them for learning, which is particularly important in distance learn-
ing settings (e.g., Fiitterer et al., 2023). Furthermore, the novelty effect (e.g., Clark, 1983)
may be reduced if learners have previous experience with whiteboard animations. Sixth,
it has been argued that the high complexity of the learning content is likely to cause
learners to focus their full attention on the learning content and more or less ignore the
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hand. To test this assumption with empirical data, future studies should manipulate the
complexity within a whiteboard animation. In this context, the human hand may have
a negative effect on learning when learners have to process complex information that
consumes a lot of cognitive resources. If learners also have to process the human hand
shown in the whiteboard animation, they may quickly become cognitively overloaded, as
ICL and ECL are additive (e.g., Sweller et al., 2019).
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