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Summary 

Educational videos are a central component in formal and informal learning contexts. 

When optimising the design of such educational videos, the question arises whether an 

instructor presenting the content should be visible next to the learning content. This often 

involves so-called talking heads, where the head of the instructor speaking into the camera is 

visible in one corner of the educational video. Theories such as the social agency theory and 

the cognitive theory of multimedia learning (e.g., Mayer, 2021) suggest both potential 

advantages (social presence, deeper processing) and disadvantages (distraction, cognitive load) 

of a visible instructor. For the talking head format in particular, it is questionable whether the 

potential disadvantages outweigh the advantages because talking heads attract visual attention 

but offer fewer advantages than an instructor’s full body representation (e.g., due to the lack of 

gestures). Research concerning the talking head format is still limited, especially with regard to 

measures beyond learning outcomes.  

The aim of this thesis was to expand the findings on the talking head format and at the 

same time to investigate whether certain characteristics of the learning material (e.g., the type 

of content alongside the talking head) represent boundary conditions for the use of talking 

heads. Four experiments with a total of N = 488 participants served as the empirical basis for 

the dissertation, which investigated the effects of talking heads in educational videos with 

narrated slides. The investigations included a variety of dependent variables, for instance 

different learning outcomes, eye movements, cognitive load, social presence, and satisfaction 

ratings. Three experiments were conducted online, and one experiment took place in the 

laboratory using eye tracking. In all experiments, the presence of a talking head in the 

educational videos was varied (either as a between- or within-subjects factor), with Experiments 

1a, 1b, and 2 additionally varying the slide type (graphic- vs. text-based slides) and Experiments 

1b and 2 additionally varying the presentation type of the content (sequential step-by-step 

presentation or static all at once presentation). The results largely showed no effects of the 

talking head on learning outcomes (Experiments 1a, 1b, and 3), although in one investigation 

(Experiment 2) there was a small detrimental talking head effect on learning outcomes. With 

regard to learners’ ratings, the findings were heterogeneous, with Experiment 2 showing strong 

positive effects on different ratings (e.g., satisfaction), whereas such effects were mostly absent 

in the remaining experiments (Experiments 1a, 1b, and 3). However, at the level of process data 

measured with learners’ eye movements, there was a strong distraction from the learning 

content due to the talking head (Experiment 3). To further substantiate the findings, internal 
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meta-analyses across the four experiments were conducted on the key dependent variables 

captured in all experiments. Analyses revealed that the talking head had no overall effect on 

learning outcomes across all experiments, but enhanced learners’ ratings of satisfaction and 

decreased their self-reported extraneous cognitive load. Taken together, considering the 

findings of the internal meta-analyses, the advantages outweigh the disadvantages, given that a 

talking head can improve individuals’ learning experience.  
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Zusammenfassung 

Lernvideos sind zentraler Bestandteil in formellen und informellen Lernkontexten. Bei 

der optimalen Gestaltung solcher Lernvideos stellt sich auch immer wieder die Frage, ob neben 

den Lerninhalten auch die Lehrperson, die die Inhalte präsentiert, sichtbar sein sollte. Dies 

geschieht häufig in Form von sogenannten Talking Heads, bei denen der Kopf der Lehrperson, 

die in die Kamera spricht, in einer Ecke des Lernvideos zu sehen ist. Theorien wie die Social 

Agency Theory und die Cognitive Theory of Multimedia Learning (z.B. Mayer, 2021) legen 

sowohl potenzielle Vorteile (soziale Präsenz und tiefere Verarbeitung) als auch Nachteile 

(Ablenkung, kognitive Belastung) einer sichtbaren Lehrperson nahe. Insbesondere für das 

Talking Head Format stellt sich die Frage, ob die potenziellen Nachteile gegenüber den 

Vorteilen überwiegen, weil Talking Heads visuelle Aufmerksamkeit auf sich ziehen, aber 

weniger Vorteile bieten (z. B. aufgrund fehlender Gesten) als Ganzkörperdarstellungen einer 

Lehrperson. Die Forschung in Bezug auf das Talking Head Format ist noch sehr begrenzt, vor 

allem im Hinblick auf Maße jenseits von Lernergebnissen.  

Mit dieser Arbeit sollte die Befundlage zum Format Talking Head erweitert und 

gleichzeitig untersucht werden, ob bestimmte Eigenschaften des Lernmaterials (z.B. die Art der 

Inhalte, die neben dem Talking Head erscheinen) Randbedingungen für den Einsatz von 

Talking Heads darstellen. Als empirische Grundlage der Untersuchung dienten vier 

Experimente mit insgesamt N = 488 Teilnehmenden, wobei die Effekte von Talking Heads in 

Lernvideos mit Folien untersucht wurden. Die Untersuchungen umfassten eine Vielzahl von 

abhängigen Variablen, zum Beispiel verschiedene Lernergebnisse, Augenbewegungen, 

kognitive Belastung und Bewertungen der sozialen Präsenz und der Zufriedenheit. Drei 

Experimente wurden online durchgeführt und ein Experiment fand im Labor mit Eyetracking 

statt. In allen Experimenten wurde die Anwesenheit eines Talking Heads in den Lernvideos 

variiert (entweder als Zwischen- oder Innersubjektfaktor), wobei in den Experimenten 1a, 1b 

und 2 zusätzlich der Folientyp (grafik- vs. textbasierte Folien) und in den Experimenten 1b und 

2 zusätzlich die Art der Präsentation des Inhalts (sequenzielle Schritt für Schritt Präsentation 

oder statische Präsentation auf einmal) variiert wurde. Die Ergebnisse zeigten größtenteils keine 

Effekte des Talking Heads auf Lernergebnisse (Experimente 1a, 1b und 3), wobei sich in 

Experiment 2 ein kleiner lernhinderlicher Effekt des Talking Heads ergab. Im Hinblick auf die 

Bewertungen der Videos durch die Lernenden waren die Ergebnisse heterogen, wobei 

Experiment 2 starke positive Effekte auf die Bewertungen (z.B. Zufriedenheit) zeigte, während 

solche Effekte in den übrigen Experimenten (Experimente 1a, 1b und 3) meist nicht auftraten. 
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Auf der Ebene von Prozessdaten, die mit den Blickbewegungen der Lernenden gemessen 

wurden, zeigte sich jedoch eine starke Ablenkung vom Lerninhalt durch den Talking Head 

(Experiment 3). Um die Befunde weiter zu untermauern, wurden interne Meta-Analysen über 

die vier Experimente bezüglich der zentralen abhängigen Variablen, die in allen Experimenten 

erfasst wurden, durchgeführt. Diese ergaben, dass der Talking Head über alle Experimente 

hinweg insgesamt keinen Einfluss auf die Lernergebnisse hatte, aber die Zufriedenheit der 

Lernenden steigerte und die von ihnen selbst berichtete kognitive Belastung reduzierte. 

Betrachtet man die Befunde der internen Meta-Analysen, so überwiegen also die Vorteile 

gegenüber den Nachteilen, in Anbetracht der Tatsache, dass der Talking Head das Lernerlebnis 

von Personen verbessern kann.   
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1. General Introduction 

Video-based learning and online learning in general are becoming increasingly 

important, further driven by the COVID-19 pandemic. One question repeatedly arises when 

designing educational videos: Is it useful to see a talking head alongside the actual learning 

content? From a practical perspective, lecturers face the question of whether they should turn 

on their camera or not when producing online lectures or lecture slides. This dissertation aims 

to contribute towards answering this question. The term talking head refers to a format of 

instructor presence in educational videos in which only the instructor's head is visible next to 

the learning content lecturing into the camera (cf. Hansch et al., 2015). A visible talking head 

may act as a social cue, initiating social processes and deeper processing in online learning 

(e.g., Mayer, 2021). At the same time, humans show a preference for other humans’ faces 

already in their very early childhood and tend to look at them frequently (Gullberg & 

Holmqvist, 2006; Johnson et al., 1991; Võ et al., 2012). This preference for human faces 

harbours the risk that a visible talking head in learning materials may also lead to distraction. 

In addition, the talking head may increase learners’ cognitive load (Mayer, 2021).  

In the following sections, I will first focus on visible instructors in educational videos 

in general. This is followed by a more precise definition of talking heads and the presentation 

of the theoretical and empirical foundations of this thesis. I will continue by describing the four 

experiments that constitute the empirical work of this thesis. This is supplemented by internal 

meta-analyses across the four experiments included in this thesis with regard to the central 

dependent variables to further substantiate the findings. Finally, I will summarise the results, 

relate them to each other, and discuss implications, strengths, limitations, and future directions 

for research.  

1.1. Instructor Presence in Educational Videos 

Educational videos are becoming increasingly important and represent a central 

component of both informal and formal learning contexts for a considerable time (e.g., 

Feierabend & Klinger, 2003; Guo et al., 2014; Hew & Lo, 2018; Rat für kulturelle Bildung, 

2019; ten Hove & van der Meij, 2015; van Alten et al., 2019). Potential formal and informal 

learning contexts include, for instance, watching a YouTube video in order to use a certain 

Excel function, participating in a Massive Open Online Course (MOOC) on Business 

Administration, watching a video about van Gogh in the classroom as an introduction to the 

lesson, watching videos on direct and alternating current electric circuits at home in order to 

better understand the homework, or watching lecture videos on anatomy from the previous 
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semester in preparation for the exam. Although many different types of videos and contexts 

were mentioned above, a central question arises in all of them: Should an instructor be visible 

in the video and under what conditions? 

The increasing importance of educational videos is evident in a variety of contexts. For 

example, 86% of U.S. users state that they use YouTube to learn new things (O’Neil-Hart, 

2017). In 2022, Coursera as one of the largest online learning platforms in the world counts 

more than 100 million users worldwide (Coursera, 2023). The increasing use of videos and 

online learning is also evident for academic courses in Germany, which may also result from 

the COVID-19 pandemic (Skulmowski & Rey, 2020). It seems as if a lot of content that used 

to be presented in analogue form (e.g., lectures) is now available online as video. 

Educational videos offer enormous potential because they enable learning independent 

of time and location (e.g., Kay, 2012). In addition, new technical developments allow many 

people to produce educational videos without much effort. For instance, PowerPoint now 

enables a direct integration of the speaker’s video into a slideshow. However, when creating 

such educational videos, the person producing them is naturally faced with a number of 

decisions: How to arrange content such as corresponding words and pictures in the learning 

material? Should the person presenting the content be visible in the video? Should the content 

be presented text-based or with graphics and images? And should complex content appear on 

the slides step by step or all at once? Multimedia research has already provided helpful answers 

to some of the aforementioned questions, for instance by defining well-established principles 

such as the spatial contiguity principle, which states that corresponding words and pictures in 

the learning material should be arranged near rather than far from each other (e.g., Mayer, 

2021). However, the question concerning the instructor’s visibility is still unresolved and 

involves competing perspectives: On the one hand, the instructor as a social cue may lead to 

deeper processing, but on the other hand, it may also distract or increase cognitive load (e.g., 

Mayer, 2021). Further, it is unclear whether the effect of instructor’s visibility is affected by 

other design decisions such the use of graphic-based content or stepwise presentation.  

In this dissertation, I will focus on videos of human instructors. There is a broad 

spectrum of visible instructors in educational videos including also animated pedagogical 

agents, offering new possibilities but also challenges that exceed the scope of this thesis. For 

instance, pedagogical agents can differ greatly in how human-like they appear and perform 

(e.g., Fiorella & Mayer, 2022a). As this brings even more variance into the already 

heterogeneous instructor presence research, the following descriptions focus on human 
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instructors to ensure consistency. A corresponding focus on human instructors is also evident 

in recent research overviews (e.g., Alemdag, 2022; Beege et al., 2023). 

Regarding educational videos including a talking human instructor, various formats can 

be distinguished according to different dimensions. Some of these formats and their different 

dimensions are listed below:  

- First, formats may be characterised by which part of the instructor is visible, for 

instance the whole body (e.g., Hew & Lo, 2020), only the upper body (e.g., van 

Wermeskerken et al., 2018), only the instructor’s hand (e.g., Schroeder, 2016), or only 

the instructor’s head (e.g., Kizilcec et al., 2014). In this regard, several studies (e.g., 

Beege et al., 2020; Dargue et al., 2019) demonstrated that visible gestures (e.g., as 

referential cues) can have learning-enhancing effects.  

- In addition, it may vary whether the instructor turns toward or away from the learners 

and whether the instructor speaks directly into the camera or not (e.g., Beege et al., 

2017; Pi et al., 2020). In this respect, Beege et al. (2017) showed, that a frontal 

orientation (facing the camera directly, with eye contact) led to better learning 

outcomes than a lateral (i.e., slightly averted) orientation. Additionally, Pi et al. (2020) 

observed no effect of body orientation, but learning-hindering effects of an instructor’s 

averted gaze. Besides this, eye tracking analyses revealed that an instructor’s direct 

gaze resulted in learners paying more attention to the face than when the instructor 

(partially) averted her gaze (Pi et al., 2020). 

- Further, the position of the instructor’s image in the video (right, left, top, bottom, 

middle) may vary from video to video, as can the size at which the instructor appears. 

For instance, Zhang et al. (2022) showed that instructors appearing in the middle of a 

slide attracted particularly high levels of learners’ attention. Additionally, in the study 

by Pi et al. (2017a), learners learnt better with small images of the instructor than with 

medium or large ones. 

- In addition, the visible instructor may be integrated into learning material in different 

ways, e.g., including a picture-in-picture presentation (e.g., Kokoç et al., 2020; Ng and 

Przybylek, 2021) or a direct integration (e.g., Kizilcec et al., 2014), which can be 

realised, for instance, by using a green screen. 

- Beyond, instructors may differ in terms of the tasks they perform: A visible instructor 

can demonstrate an action (e.g., van Gog et al., 2014), point to learning content with 
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gestures (e.g., Pi et al., 2017b), draw a diagram (e.g., Fiorella et al., 2019), or simply 

speak into the camera and explain something (e.g., Kizilcec et al., 2014).  

As different as these formats are, it is hardly surprising that research on instructor 

presence reveals heterogeneous findings (e.g., Hong et al., 2018; Kizilcec et al., 2014; Wilson 

et al., 2018). The variety of design options also implies that a limitation and consistency in the 

choice of instructor presence format is necessary, leading me to focus on the talking head format 

for all studies included in this dissertation. The reasons for this decision are outlined in the 

following sections. 

Since I started my PhD, some overviews of instructor presence research in general were 

published, including two systematic reviews (Henderson & Schroeder, 2021; Polat, 2023) and 

two meta-analyses (Alemdag, 2022; Beege et al., 2023). In the recent meta-analysis by Beege 

et al. (2023), two articles included in this thesis have already been considered and have 

influenced the overall results, for instance by contributing to the instructor effect on social 

presence reported in this meta-analysis. To avoid circularity, I do not elaborate on this meta-

analysis (Beege et al., 2023) at this point when describing the underlying research. However, I 

will highlight its results in the course of the General Discussion section. The review by 

Henderson and Schroeder (2021), which included 12 studies, found no consistent evidence in 

favour of including or excluding an on-screen instructor in terms of learning outcomes. 

However, individual studies within the review suggested that an instructor may increase 

learners’ satisfaction. The systematic review of 41 empirical studies by Polat (2023) also 

concluded that instructor presence in videos is not generally beneficial for learning outcomes, 

but specified that, for instance, attentional cues provided by an instructor may promote learning. 

Further, this review studied the positive effects of instructor presence on learners’ affective 

ratings. Following the idea that the heterogeneous findings on instructor presence could result 

from to the instructors’ heterogeneity, Alemdag (2022) attempted to systematise the findings 

by including different formats of instructor presence as a potential moderator in her meta-

analysis. This synthesis of 20 experimental studies reported no significant effects of instructor 

presence on learning measures and social presence, but an increase in ratings of cognitive load 

and motivation. In addition, marginal effects at least suggested that different formats of 

instructor presence, namely the instructor’s hand, only the instructor’s talking head, and other 

types of instructors (e.g., the instructor’s upper body), might have different effects, although 

especially the numbers of individual studies on the hand and talking head formats were rather 

small.  
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In general, the number of studies explicitly investigating the talking head format and its 

effect on learning outcomes was very limited when my thesis started, despite its frequent use 

(e.g., Chen & Wu, 2015; Kizilcec et al., 2015). I am aware of only few experiments that already 

existed before my first experiment in 2020 (Hew & Lo, 2020; Kizilcec et al., 2014; Kizilcec et 

al., 2015; Rosenthal & Walker, 2020), with only two of them involving a control condition 

without talking head (Kizilcec et al., 2014; Rosenthal & Walker, 2020).1 However, numerous 

other studies investigating this format (Kokoç et al., 2020; Ng and Przybylek, 2021; Yuan et 

al., 2021; Zhang & Yang, 2022) were published in the last years (since my first experiment in 

2020) in addition to my own studies. This increase in research interest may potentially also 

stem from the COVID-19 pandemic, which gave new relevance to topics such as digital 

learning, online learning, video-based learning, as well as social processes in learning, for 

instance in order to prevent isolation (e.g., Baber, 2022; Schneider et al., 2022). Before I 

elaborate on why the talking head format is interesting from a theoretical point of view and 

present the relevant research on talking heads, I will first provide a more detailed description 

of this format. 

1.2. Talking Heads 

In terms of this dissertation project, I defined talking heads as a format of instructor 

presence in which learners only see the instructor's head, with the instructor lecturing into the 

camera (cf. Hansch et al., 2015). Talking heads may be integrated directly into the educational 

video (e.g., Kizilcec et al., 2014) or embedded as a picture-in-picture presentation (e.g., Kokoç 

et al., 2020) at various positions in the learning material. The talking head format is often used 

in combination with slides (Polat, 2023), for instance in lecture videos. Whereas the talking 

head format generally involves potential social cues such as eye contact, mimics, and lip 

movements (e.g., Võ et al., 2012), it does not include the instructor’s arms and therefore does 

not involve gestures. It is almost surprising that the format was little researched despite its 

frequent use (for example in lecture videos, Chen & Wu, 2015; Kizilcec et al., 2015), because 

it brings together an interesting combination of features: Whereas learners in the talking head 

format see the instructor's face, which potentially attracts visual attention and can act as a social 

cue, many potential advantages of instructor presence (e.g., referential cues through gestures, 

demonstration of actions) do not play a role in this format. As a result, talking heads offer an 

interesting opportunity to study the social aspects of instructor presence in relative isolation 

 
1 It should be noted that in certain studies (e.g., Homer et al., 2008; Moreno et al., 2001, Experiment 5) the 
specific format of instructor presence could not be definitively determined since the respective works did not 
include sample screenshots of the materials. 
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from other potentially learning-promoting effects. This interesting combination of features in 

the talking head format described above also becomes apparent when the underlying theories 

are taken into account. 

1.3. Theoretical Underpinnings 

When it comes to the design of instructional material, different cognitive theories are of 

central importance. These include the cognitive load theory (CLT) developed by Sweller and 

colleagues to provide guidance on how information should be presented to optimise learning, 

referred to in the theory as schema construction (e.g., Sweller, 1999; Sweller et al., 2011; 

Sweller & Chandler, 1994; Sweller et al., 1998). The theory assumes that the capacity of 

working memory is limited (Baddeley, 1992), whereby it can only hold about seven elements 

of information simultaneously (Miller, 1956). Working memory processes such as organising 

or comparing further reduce the number of concurrent information elements, as do interactions 

between the individual elements. Hence, when designing learning materials, it is important to 

reduce working memory load, since according to the CLT, any material design that does not 

consider the limitations of the working memory is deficient (Sweller et al., 1998). 

In contrast to working memory, the capacities of long-term memory are unlimited 

following the CLT. Long-term memory not only stores isolated facts, but also complex schemas 

which organise and categorise individual information elements and their interactions (e.g., 

Sweller et al., 1998). Due to their organisation, schemas reduce working memory load as 

multiple elements organised into one schema can be handled as a single element in working 

memory, with sub-schemas no longer requiring additional working memory capacity (e.g., 

Sweller et al., 1998; Sweller & Chandler, 1994). Thus, the construction of schemas is one 

primary goal of instruction according to CLT. Although schemas are stored in long-term 

memory, the working memory has to process information to construct these schemas. 

Therefore, facilitating the processing of information in working memory and reducing working 

memory load is a main objective of CLT (Sweller et al., 1998). 

Following CLT, working memory load depends on different factors: On the one hand, 

the materials themselves, i.e., their intrinsic nature, cause load, referred to as intrinsic cognitive 

load. One factor that influences the intrinsic cognitive load is the interactivity of the elements, 

i.e., whether learners can learn different elements in isolation from each other (low interactivity) 

or not (high interactivity), with high interactivity resulting in high intrinsic cognitive load (e.g., 

Sweller et al., 1998; Sweller & Chandler, 1994). As a second factor, the learners’ prior 
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knowledge on the respective topic affects intrinsic cognitive load, with higher prior knowledge 

leading to lower intrinsic cognitive load (Sweller et al., 1998).  

On the other hand, the way in which materials are presented also determines cognitive 

load, defined as extraneous cognitive load. In contrast to intrinsic cognitive load, CLT considers 

extraneous cognitive load as unnecessary load arising from the instructional design. More 

specifically, extraneous cognitive load describes the effort required to process the instructional 

design of the material. Consequently, according to CLT, instructional interventions can 

influence extraneous cognitive load, but not intrinsic cognitive load (Sweller et al., 1998), 

whereby intrinsic and extraneous cognitive load are additive. If extraneous cognitive load is 

high due to suboptimal design, but intrinsic cognitive load is rather low due to low interactivity 

or high prior knowledge, this instructional design does not necessarily have negative 

consequences for learning. However, if an instructional material poses both high extraneous 

and intrinsic cognitive load, it can be detrimental for learning since both sources of cognitive 

load taken together may exceed working memory capacity (e.g., Sweller et al., 1998). 

The CLT describes germane cognitive load as the third important type of cognitive load, 

which supports learning by contributing to the construction of schemas (e.g., Sweller et al., 

1998). Instructional design can be improved by encouraging learners to engage in conscious 

cognitive processing, which can be achieved by increasing learners' motivation to learn the 

material and making sense of the material (e.g., Mayer, 2022), for instance by incorporating 

social cues. However, enhancing germane cognitive load is only beneficial if the overall load 

remains within the working memory limits. Whereas the original version of CLT (e.g., Sweller 

et al., 1998) considered germane cognitive load to be a third source of cognitive load 

contributing to the total cognitive load, Sweller et al. (2019), in the course of further developing 

their theory, now assume a redistribution of resources rather than germane cognitive load 

imposing load itself. This involves a redistribution of working memory resources from 

extraneous activities to activities that are directly relevant to learning by engaging with 

information intrinsic to the task (Sweller et al., 2019). 

The CLT is closely related to the cognitive theory of multimedia learning (CTML, e.g., 

Mayer, 2021), which also provides a framework for instructional design. CTML was developed 

by Richard Mayer, who continuously expanded the theoretical base and research base since 

then (e.g., Mayer, 2021). Mayer and Fiorella (2022) refer to multimedia learning as learning 

from words (in spoken or written form) and pictures (both static and animated pictures, 

graphics, diagrams, or images). According to Mayer and Fiorella (2022), meaningful learning 
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occurs when instruction is adapted to the functioning of the human mind. Closely intertwined 

with the CLT (e.g., Sweller et al., 1998), the aims of CTML include reducing extraneous 

processing, managing essential processing, and fostering generative learning (Mayer, 2022). 

The CTML bases its framework on three underlying assumptions from cognitive 

science: dual channels, limited capacity, and active processing. First, based on dual-coding 

theory by Paivio (1990) and strongly linked to Baddeley’s model of working memory (1992), 

CTML assumes that learners possess two different channels through which they process visual 

and auditory material separately (Mayer & Moreno, 2003). Learners process information such 

as illustrations or on-screen text in the visual channel, whereas they process spoken narrations 

or sounds in the auditory channel. Second, CTML assumes that the amount of information that 

each channel can process at one time is limited (cf. Baddeley, 1992; Sweller et al., 2011). Third, 

CTML considers learning as an active process that involves the selection of information, its 

organization into mental representations, and its integration with prior knowledge (Mayer & 

Fiorella, 2022).  

Based on these assumptions, Mayer and colleagues developed various principles of 

multimedia learning that are intended to provide assistance in the design of multimedia 

instruction. Certain principles (e.g., image principle, coherence principle) - as well as additions 

to CTML (i.e., social agency theory, Mayer & DaPra, 2012; Mayer et al., 2004) - are of direct 

relevance to the question of whether to include talking heads in educational videos. In the 

following, I will first present principles that neither suggest clear advantages nor disadvantages 

of talking heads (i.e., image and embodiment principle), followed by those that point to negative 

effects (i.e., coherence and split-attention principle), before I will conclude by discussing 

theories and approaches that claim positive effects (i.e., social agency theory and social-cue 

hypothesis). The presentation of the respective principles and theories is always followed by a 

presentation of previous talking head research supporting the respective principles or theories. 

1.3.1. Principles Suggesting Neither Advantages nor Disadvantages of Talking Heads 

1.3.1.1. Image Principle 

One principle of CTML that is important when it comes to the inclusion of talking heads 

in educational videos is the image principle. It states that "people do not learn better from 

multimedia presentations when a static image of the instructor is added to the screen" (Mayer, 

2021, p. 331). It should be noted, however, that in his explanations of the image principle and 

the studies he uses to substantiate the image principle, Mayer (2021) refers not only to a static 

image of the instructor, but also explicitly to "a video of a talking head" (p. 335) as a rather 
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static representation of an instructor, without potential advantages such as human-like 

movements and gestures. The rationale behind this principle suggests that the instructor may be 

distracting and is not effective due to the absence of features such as gestures (Mayer, 2021). 

Nevertheless, it can be argued that the face itself can also convey important social cues through, 

for example, mimics and lip movements (e.g., Võ et al., 2012), which is not explicitly discussed 

in the rationale of the image principle. As support for this principle, Mayer (2021) lists seven 

studies which, taken together, do not provide strong evidence for adding a speaker's image on 

the screen. However, the majority of the comparisons refer to studies investigating animated 

pedagogical agents with only two of the seven comparisons concerning human instructors. In 

addition, many of these studies were conducted 10 to 20 years ago, whereas the technology and 

the production of videos has developed enormously in recent years. However, reviewing current 

literature on talking heads revealed a similar pattern of findings, as talking head effects 

remained largely absent (Kizilcec et al., 2014; Ng & Przybylek, 2021; Rosenthal & Walker, 

2020). When describing the boundary conditions of the image principle, Mayer (2021) refers 

to the embodiment principle by specifying that certain instructors might actually be effective. 

1.3.1.2. Embodiment Principle 

According to Mayer (2021), embodiment concerns “the ways that on-screen instructors 

can use their bodies to enhance the act of instructional communication” (p. 344). When an 

instructor displays high embodiment (e.g., by showing gestures, drawing contents), students 

should learn more deeply compared to when the instructor displays low embodiment (e.g., by 

standing still), following the embodiment principle (Mayer, 2021). Fiorella (2022) explains this 

learning advantage by the fact that with a high level of embodiment, “new concepts are 

explicitly linked to relevant actions such as hand gestures or object manipulations” (p. 286). 

This does not necessarily require students to enact movements themselves; they can also 

observe them from an on-screen instructor (Fiorella, 2022). Related to this, Fiorella and Mayer 

(2022a) also assume that the “effectiveness of pedagogical agents may depend on the extent to 

which they exhibit human-like social cues, such as gestures and facial expressions” (p. 278 f.). 

The rationale for this principle is that a high-embodied instructor may be more likely to serve 

as a social cue and thus promote deeper processing (Mayer, 2021). A high embodiment can for 

instance manifest in an instructor showing hand gestures instead of standing still, maintaining 

eye contact instead of averting gaze, or drawing contents instead of presenting contents already 

drawn (Mayer, 2021). In this respect, it should be emphasised that embodiment cannot easily 

be divided dichotomously into either high or low, but that different gradations must be 
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considered in relation to the instructor’s different characteristics, for instance gestures or eye 

contact (Beege et al., 2023).  

Against this background, a talking head can be described as rather low-embodied since, 

apart from eye contact (cf. Kuang et al., 2023) and mimics or lip movements (cf. Võ et al., 

2012), this format offers few opportunities for features enabled by high embodiment (e.g., 

showing gestures, drawing). In this regard, Mayer (e.g., 2021) describes the instructor's 

embodiment as a boundary condition for the image principle. He argues that low-embodied 

instructors do not offer any added value according to the image principle, whereas high-

embodied instructors showing human-like movements or gestures may be effective (Mayer, 

2021). 

1.3.1.3. Underpinning Empirical Evidence  

In line with the image principle, Kizilcec et al. (2014) found no effects of a visible 

talking head integrated next to lecture slides for short- and medium-term recall ability in a 

laboratory experiment. The control condition included corresponding video segments with 

lecture slides and spoken narration, but without talking head. In a 10-week field experiment in 

a MOOC environment, Kizilcec et al. (2015, Study 2) further investigated whether the 

permanent visibility of a talking head in the video had different effects than a talking head only 

being visible for certain content (cf. strategic presentation when focus on lecture slides was not 

necessary), but no learning differences emerged in this experiment either. Similarly, in a 

laboratory experiment in which Rosenthal and Walker (2020) compared different lecture 

formats, they found no differences between a talking head appearing in a picture-in-picture 

format and a voiceover condition in terms of (short-term) knowledge retention. 

Correspondingly, in an online experiment by Ng and Przybylek (2021), the talking head in a 

picture-in-picture format next to narrated slides offered no advantages over an identical video 

without talking head in terms of learning outcomes (recall performance). Hew and Lo (2020) 

also compared different video formats and found no learning differences between a format in 

which a talking head appeared alongside lecture slides and one in which a talking head appeared 

alongside free handwriting. However, the corresponding study (Study 2a), similar to the study 

by Kizilcec et al. (2015, Study 2), included no control condition without a talking head. 

However, a control condition is essential as a baseline to assess whether a talking head is 

beneficial or detrimental compared to an identical representation without a talking head. 
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1.3.2. Principles Suggesting Disadvantages of Talking Heads 

1.3.2.1. Coherence Principle 

In explaining the theoretical rationale for the image principle, Mayer (2021) refers to 

the coherence principle (e.g., Fiorella & Mayer, 2022b; Mayer, 2021) of CTML, which can be 

violated by a visible instructor. It claims that "people learn better when extraneous material is 

excluded rather than included" (Mayer, 2021, p. 143). The authors define extraneous material 

as potentially interesting but irrelevant or unneeded elements (e.g., words, images, symbols, 

sounds) that do not contribute to the task itself (Mayer, 2021; Mayer & Fiorella, 2014). They 

base their principle on the fact that such irrelevant elements compete for cognitive resources, 

divert attention, and disrupt learners in organising the materials. Mayer (2021) provides support 

for this principle with numerous studies in which concise materials (i.e., extraneous material 

excluded) had beneficial effects on learning outcomes. Strongly intertwined with the coherence 

principle, there is a lot of research on so-called seductive details, defined as interesting but 

irrelevant details (Garner et al., 1989). In line with the coherence principle, such seductive 

details (e.g., decorative images), which may distract learners’ attention and enhance extraneous 

cognitive load, had detrimental effects on learning in numerous studies (e.g., Rey, 2012; 

Sundararajan & Adesope, 2020). 

It could be argued that talking heads, which - as defined above - do not provide didactic 

functions such as gesturing or writing, do not directly contribute to the task since learners would 

receive all important information even without their visibility. In addition, corresponding 

material could also be realised without a visible talking head by simply presenting the video 

including the spoken narration without a visible instructor (representing a format that often 

constitutes the control condition compared to the instructor presence condition in research). It 

is further reasonable to assume that a talking head – like a seductive detail - represents an 

interesting element for learners since faces usually attract visual attention (Gullberg & 

Holmqvist, 2006; Johnson et al., 1991; Võ et al., 2012). Conversely, however, one could also 

assume that the talking head does not represent irrelevant or extraneous material but rather 

provides useful information due to its social function, giving relevance to the split-attention 

principle. 

1.3.2.2. Split-Attention Principle 

In addition, the split-attention principle of CTML (Ayres & Sweller, 2022) also suggests 

potential disadvantages of a visible talking head in educational videos. According to this 

principle, designers of educational videos should avoid materials that include multiple sources 
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of information between which learners have to split their attention. The authors justify this 

recommendation by arguing that the learners’ attempt to mentally integrate multiple sources of 

information generates extraneous cognitive load, strains the capacity of the working memory, 

and hinders learning (Ayres & Sweller, 2022). Ayres and Sweller (2022) report a broad body 

of evidence supporting the split-attention principle, also including two meta-analyses (Ginns, 

2006; Schroeder & Cenkci, 2018) showing that the reduction of split-attention is associated 

with learning gains. However, the split-attention principle explicitly refers to materials "where 

each source of information is essential for understanding the material" (Ayres & Sweller, 2022, 

p. 199). Since the talking head hardly provides any information relevant to learning, but merely 

functions as a social cue, it is questionable whether the talking head can be considered a relevant 

source of information and thus cause split-attention in the narrow sense of the split-attention 

principle. 

1.3.2.3. Underpinning Empirical Evidence  

Existing research does not enable any clear conclusions in this regard. In terms of 

cognitive load measures, very few studies investigated the influence of talking heads (Kizilcec 

et al., 2015; Ng & Przybylek, 2021). Whereas Ng and Przybylek (2021) observed no effects of 

a talking head on extraneous cognitive load, learners in a MOOC environment stated that they 

had to exert less effort when watching videos with a talking head after freely selecting the video 

format beforehand (Kizilcec et al., 2015, Study 1). With regard to instructor presence research 

in general (also including higher-embodied instructors), there were also load reducing effects 

of a visible instructor (Wang, Antonenko, Keil, & Dawson, 2020). In line with the coherence 

principle, two studies (Homer et al., 2008; Hong et al., 2018) reported higher ratings of task 

difficulty or mental effort (as indicators for cognitive load) due a visible instructor, although 

the description of the materials in both studies does not allow any clear conclusions about the 

examined format of instructor presence.  

Previous talking head research also revealed inconsistent findings in terms of learning 

outcomes, which should tend to decrease due to a visible talking head according to coherence 

and split-attention principle (Ayres & Sweller, 2022; Mayer, 2021). To the best of my 

knowledge, there is only one study revealing detrimental effects of a talking head (picture-in-

picture) on learning outcomes in line with both principles. In their online experiment with a 

Chinese sample, Yuan et al. (2021) compared four different video formats with narrated slides 

(original talking head, face-beautified talking head, virtual talking head, and no talking head). 
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Learners from the no talking head condition performed better in the retention and transfer test 

than those in conditions with a visible talking head.  

In addition to learning measures and self-reports, research on instructor presence and 

specifically talking heads also relies on process measures, with eye tracking playing a central 

role. An eye tracker records learners' eye movements while they watch videos. The 

corresponding eye tracking research builds on assumptions such as the immediacy assumption 

and the eye-mind assumption (Just & Carpenter, 1980). First, the immediacy assumption 

presumes that individuals attempt to interpret content as soon as they fixate it, implying that 

processing begins with fixation. Second, according to the eye-mind assumption, information is 

processed as long as it is fixated, implying that the fixation duration corresponds to the 

processing duration (Just & Carpenter, 1976, 1980). These assumptions serve to interpret eye 

movement data in light of attentional processes. Against the background of the immediacy 

assumption and the eye-mind assumption, the fixation duration of a content constitutes a central 

measure in eye tracking research. However, it should be noted that these assumptions and 

therefore also the resulting conclusions regarding visual attention based on eye tracking 

findings involve limitations. In particular, research already demonstrated that visual attention 

does not always correspond with individuals’ gaze measures. On the one hand, fixating a certain 

content does not always necessarily imply processing it, because longer fixations may, for 

instance, also be associated with mind-wandering (e.g., Krasich et al., 2018). On the other hand, 

for instance research on peripheral vision showed that individuals are able to perceive 

information outside the fovea (e.g., Rosenholtz, 2016).  

Although eye movements and fixations do not always equate to visual attention, this 

process measure can provide important information on the processing of videos with and 

without a talking head. Further, it may be particularly useful to combine this process measure 

with other measures such as learning measures and self-reports and relate them to each other. 

In the context of this thesis, visual attention is therefore treated as equivalent to the 

corresponding eye movements, even though it should have become clear that the recording of 

eye movements represents a process measure that only allows statements about visual attention 

with the addition of the above-mentioned assumptions.  

Empirical research, clearly suggested that faces in general (Gullberg & Holmqvist, 

2006; Johnson et al., 1991; Võ et al., 2012), and talking heads in educational videos in particular 

(Kizilcec et al., 2014; Zhang & Yang, 2022), attracted visual attention with participants 

spending considerable time fixating on faces in relevant studies. Similar findings were also 
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evident for other types of instructors in educational videos (Colliot & Jamet, 2018; Pi & Hong, 

2016; van Wermeskerken et al., 2018; Wang & Antonenko, 2017; Wang, Antonenko, & 

Dawson, 2020). At the same time, the fact that learners spent considerable time fixating the 

faces was usually associated with learners spending less time fixating the remaining visual 

learning materials beyond the instructor (Colliot & Jamet, 2018; van Wermeskerken et al., 

2018; Wang, Antonenko, & Dawson, 2020; Zhang & Yang, 2022). A recent meta-analysis on 

instructor's gaze also revealed similar findings by showing that an instructor's direct gaze into 

the camera - which is also often evident in the talking head format - can lead to lower fixation 

time of the remaining learning materials (Kuang et al., 2023), which is also supported by 

research on gaze guidance (e.g., Pi et al., 2020; Polat, 2023; Stull et al., 2021; Wang et al., 

2019). In addition, the findings of Võ et al. (2012) suggested that not only the eyes but also an 

instructor’s mouth (i.e., lip movements) may attract attention. They found that fixations on a 

speaking mouth increased when participants heard an audio speech track, while fixations on the 

mouth and on the face in general decreased when only background music was heard instead of 

the audio speech track. In addition, the findings of van Wermeskerken et al. (2018) suggested 

that the time spent fixating an instructor hardly decreased with increasing video duration. 

Further, Zhang et al. (2020) showed that increasing allocation of fixations to an instructor was 

associated with mind-wandering, thus supporting the rationale of distraction by the talking 

head. 

However, some questions remain unanswered with regard to eye tracking research, 

especially in terms of talking heads. For instance, the findings of Zhang and Yang (2022) 

demonstrated that a talking head only resulted in a reduction in visual attention (i.e., fixation 

count, dwell time) for text-based visual learning content, whereas they observed no distracting 

effects for graphic-based learning content (i.e., pictures). However, in their study, text-based 

and graphic-based learning contents were presented on the same slide. Hence, previous research 

left open the question of whether a talking head presented next to exclusively graphic-based 

visual learning content also results in reduced visual attention on the content.  

In addition, van Wermeskerken et al. (2018) investigated the extent to which an 

instructor influenced fixations of the learning content appearing on a slide step by step. Content 

in educational videos often appears stepwise (i.e., sequentially) because motion attracts 

attention (Abrams & Christ, 2003) and thus the sequential fade-in may draw learners’ visual 

attention to the content addressed in the spoken narration, counteracting the instructor’s 

potentially distracting effect. Van Wermeskerken et al. (2018) found that learners fixated on 
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the content discussed in the spoken narration for a shorter period of time and less frequently 

due to a visible instructor (upper body), whereas the instructor did not affect the time to first 

fixation of this content. Besides fixation duration as the central gaze measure, van 

Wermeskerken et al. (2018) included the number of fixations as another general measure 

(Holmqvist & Andersson, 2017), which reflects the "fixation density" (Henderson et al., 1999, 

p. 211). Further, they recorded the time to first fixation defined as a latency measure, with a 

short time to first fixation reflecting "higher efficiency in locating the stimulus in question" 

(Holmqvist & Andersson, 2017, p. 591). To the best of my knowledge, no corresponding 

investigation using the mentioned measures exists for the talking head format. In addition, a 

few studies on instructor presence (van Wermeskerken et al., 2018; Wang, Antonenko, & 

Dawson, 2020) already investigated whether learners’ eye movements (e.g., fixation time, time 

to first fixation) were related to their learning outcomes and found no corresponding evidence. 

However, to the best of my knowledge, such a study is still lacking for the talking head format, 

where an increasing focus on the instructor may have comparatively few advantages, as a 

talking head, for instance, does not provide any gestures that may guide learners’ attention.  

To sum up, the split-attention principle (Ayres & Sweller, 2022) may not be transferable 

in its original form to talking heads in educational videos since it is unclear whether a talking 

head constitutes an essential source of information. Nonetheless, empirical research (e.g., 

Kizilcec et al., 2014) already suggested that learners evidently split their attention between the 

visible instructor and the visual learning material next to the instructor when watching 

corresponding educational videos. Since the instructor does not necessarily serve as a visual 

source of information, this behaviour could potentially be even more detrimental to learning 

than a split-attention effect in its original form, because it could not only result in increased 

extraneous cognitive load but also in distraction from important visual learning content by the 

talking head. In this regard, Wilson et al. (2018) assumed that an instructor’s distracting effect 

may be particularly detrimental next to more visual lectures than next to rather text-based 

contents, which are also covered by the spoken narration. However, they did not test this 

assumption.  

Taken together, both the coherence (e.g., Mayer, 2021) and the split-attention principle 

(Ayres & Sweller, 2022) raise the question to what extent the talking head represents a relevant 

part of the learning material. If one considers the talking head to be rather irrelevant, the 

coherence principle suggests the exclusion of irrelevant material. If one considers the talking 

head to be a relevant source of (visual) information (e.g., due to lip movements), the split-

attention principle suggests designing the materials in such a way that learners are not required 



General Introduction         27 
 

 

 

to split their attention. Both principles suggest similar effects with the talking head increasing 

extraneous cognitive load and decreasing learning outcomes, which are only weakly reflected 

in previous research. Whereas coherence and split-attention principle point to the disadvantages 

of a talking head, potential advantages are also conceivable against the background of theory. 

1.3.3. Theories and Approaches Suggesting Advantages of Talking Heads 

1.3.3.1. Social Agency Theory 

While multimedia research focused for a long time on the reduction of extraneous 

processing and the management of essential processing in order to optimise cognitive 

processing, motivational and affective factors are becoming increasingly relevant as a pathway 

to foster generative learning (Mayer, 2022). For this reason, multimedia learning increasingly 

aimed to incorporate motivational and affective factors to provide a more extensive picture of 

how multimedia learning works. Motivation may be influenced, for instance, by affect, interest, 

or feelings of social connection and becomes apparent when learners engage in cognitive 

processing (Mayer, 2022). Affect concerns “the learner’s emotional state during learning” 

(Mayer, 2022, p. 70) and Moreno (2007) emphasised the importance of this affective 

component in the context of the cognitive affective theory of learning with media. With regard 

to social processes, different social cues (instructor's speech, presence, body movements) can 

play a role. Such social cues are supposed to generate a feeling of social connection or 

partnership with the instructor (Mayer, 2022; Reeves & Nass, 1996). They also play an 

important role because many aspects of learning with multimedia (including learning with 

videos) are associated with isolation or impersonality (Fiorella & Mayer, 2022a). 

Efforts to consider social processes in multimedia learning build on social agency theory 

(Mayer & DaPra, 2012; Mayer et al., 2004), which describes how social cues can influence 

multimedia learning: Social cues in the learning material may trigger social responses (e.g., 

paying attention in order to be polite), which may lead to an increase in active cognitive 

processing and higher transfer performance (Fiorella & Mayer, 2022a). Fiorella and Mayer 

(2022a) describe social responses as a key component of social agency theory, in which learners 

have a feeling of social presence, which is defined as the "degree of salience of the other person 

in the interaction" (Short et al., 1976, p. 65). As a result, they feel connected to the instructor 

and invest more effort to listen to the instructional message. Since learners work harder to 

select, organise, and integrate information, social cues should result in better learning outcomes. 

Social agency theory is also taken up by the cognitive-affective-social theory of learning in 

digital environments (Schneider et al., 2022), which postulates similar mechanisms by 
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assuming that social cues in digital learning materials trigger social schemas in learners that 

lead to improved (para-)social, motivational, emotional, and metacognitive processes. 

1.3.3.2. Social-Cue Hypothesis 

Besides potential effects on learning measures, instructor presence research also 

considers how much learners like videos with and without a visible instructor. Especially in 

informal learning contexts, it can be of central importance how learners experience learning 

with a video, as this may also influence learners’ decision to select a video or continue watching 

it (Guo et al., 2014). In this context, the social-cue hypothesis (Colliot & Jamet, 2018) assumes 

that social cues in the learning material may not only increase social presence, but also 

contribute to a better learning experience (e.g., engagement, motivation, interest). 

1.3.3.3. Underpinning Empirical Evidence  

Supporting social agency theory (Mayer & DaPra, 2012), Kokoç et al. (2020) observed 

a learning-promoting effect of a talking head in a laboratory experiment. They investigated a 

talking head embedded by a picture-in-picture presentation into narrated slides. In addition, a 

study by Zhang and Yang (2022) with a Chinese sample revealed beneficial effects of a talking 

head on learning outcomes. They compared three formats in a laboratory experiment and found 

that a talking head in combination with a narrated slideshow resulted in better comprehension 

test performance than a narrated slideshow alone or a narrated slideshow only including the 

instructor’s picture.  

Whereas the evidence for learning-enhancing effects of a talking head is rather limited, 

research on instructor presence in general (also including higher-embodied instructors) revealed 

a more positive pattern. Besides single detrimental effects (Wilson et al., 2018) and some absent 

findings (e.g., Homer et al., 2008; van Wermeskerken et al., 2018), previous research also 

revealed numerous positive effects of a visible instructor on learning measures (e.g., Colliot & 

Jamet, 2018; Hong et al. 2018; Pi & Hong, 2016; Wang & Antonenko, 2017; Wang, Antonenko, 

& Dawson, 2020; Wang, Antonenko, Keil, & Dawson, 2020). For example, the instructor 

positively affected transfer performance in general (Wang, Antonenko, Keil, & Dawson, 2020), 

transfer performance for difficult video topics (Wang, Antonenko, & Dawson, 2020), retention 

of spoken explanations (Colliot & Jamet, 2018), or recall performance for easy video topics 

(Wang & Antonenko, 2017). The fact that these learning-promoting effects occur particularly 

frequently in instructor presence research in general (including higher-embodied instructors) 

provides support for the embodiment principle of CTML (e.g., Fiorella, 2022). Additionally, 

some of these findings (Colliot & Jamet, 2018; Wang & Antonenko, 2017; Wang, Antonenko, 



General Introduction         29 
 

 

 

& Dawson, 2020) suggest that characteristics of the learning material may moderate instructor 

presence effects. 

The extent to which a visible instructor as a social cue may increase social presence, as 

postulated by the social agency theory (e.g., Mayer & DaPra, 2012), remained mostly unclear 

in previous research. Previous investigations which included social presence measures mostly 

revealed no effects of a visible instructor on social presence ratings (Colliot & Jamet, 2018; 

Homer et al., 2008), which is also reflected by talking head research (Ng & Przybylek, 2021; 

Rosenthal & Walker, 2020, Study 1; Yuan et al., 2021). However, in one study (Rosenthal & 

Walker, 2020, Study 2), a talking head enhanced ratings of social presence compared to a 

voiceover condition without visible talking head.  

Existing talking head research which included dimensions beyond learning (e.g., 

affective ratings) largely supported the social-cue hypothesis, albeit empirical evidence 

concerning the talking head format remained limited. In the MOOC environment investigated 

by Kizilcec et al. (2015, Study 1), learners stated that they had a better experience (i.e., higher 

affective measures) and learned more with videos including a talking head. However, the 

assignment to videos with and without instructors was not randomised here, but the learners 

selected the formats themselves. In the study by Kizilcec et al. (2014), learners also preferred 

formats with a talking head over those without a talking head and rated them as more helpful 

and useful in an affective rating. In addition, the study by Yuan et al. (2021) suggested higher 

satisfaction ratings for videos including a talking head, at least for one subscale, whereas the 

study by Rosenthal and Walker (2020) observed no talking head effects on positive emotions.  

If research on instructor presence in general is also taken into account, mostly positive 

effects of a visible instructor on various evaluation measures become apparent (Alemdag, 2022; 

Henderson & Schroeder, 2021; Polat, 2023). For instance, a visible instructor positively 

affected ratings of satisfaction (e.g., Wang & Antonenko, 2017; Wang, Antonenko, & Dawson, 

2020), perceived learning (e.g., Wang & Antonenko, 2017; Wilson et al., 2018), and situational 

interest (Wang, Antonenko, & Dawson, 2020; Wilson et al., 2018). Additionally, initial 

evidence suggested that learners were more likely to select videos with a visible instructor 

(Wilson et al., 2018) or talking head in a MOOC environment (Kizilcec et al., 2015) when they 

had a choice between different formats. 

1.3.4. Summary of Talking Head Effects 

Taken together, regarding learning outcomes, most of the reported studies (Kizilcec et 

al., 2014; Ng & Przybylek, 2021; Rosenthal & Walker, 2020) showed no effects of talking 
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heads on learning outcomes such as retention or short- and medium-term recall (Kizilcec et al., 

2014), two (Kokoç et al., 2020; Zhang & Yang, 2022) revealed learning-promoting effects (e.g., 

on comprehension, Zhang & Yang, 2022), and only one (Yuan et al., 2021) showed detrimental 

effects on learning outcomes, i.e., recall and transfer performance. This is of particular interest 

because, in terms of eye movement measures, previous research suggested that the talking head 

attracted attention (Kizilcec et al., 2014) and reduced visual attention on the learning content 

(Zhang & Yang, 2022). In terms of cognitive load measures, research is still very limited, with 

one study showing no effects (Ng & Przybylek, 2021) and one suggesting that learners need to 

invest less effort due to a talking head (Kizilcec et al., 2015). Similarly, no consistent pattern 

emerged in relation to social presence ratings, with one study showing an enhancing effect of 

the talking head (Rosenthal & Walker, 2020, Study 2), but in other cases the talking head had 

no effect (Ng & Przybylek, 2021; Rosenthal & Walker, 2020, Study 1; Yuan et al., 2021). With 

regard to other subjective ratings, previous talking head research reported some positive effects 

on affective measures (Kizilcec et al., 2014; Kizilcec et al., 2015, Yuan et al., 2021), but also 

absent effects (Rosenthal & Walker, 2020). The heterogeneous research evidence for talking 

heads suggests that certain factors may influence talking head effects. 

1.4. Potential Factors Influencing Talking Head Effects  

Various studies reported that the material next to the instructor may play a moderating 

role (e.g., Colliot & Jamet, 2018; Wang & Antonenko, 2017; Wang, Antonenko, & Dawson, 

2020). In this regard, Wilson et al. (2018) already considered, without testing this assumption, 

that an instructor's distracting effect may be particularly detrimental next to visual contents, 

whereas an instructor next to more text-based contents, which are also covered by the spoken 

narration, should not be detrimental. It is conceivable that for certain learning materials it was 

possibly not even necessary to look at the visual content in order to learn successfully. So far, 

to the best of my knowledge, no study systematically investigated the extent to which the visual 

learning materials alongside a talking head were relevant to learning. That is, whether it was 

necessary to look at the learning content in order to learn successfully or whether the spoken 

narration was sufficient for successful learning. 

Since talking heads seem to have a strong influence on learners’ visual attention (e.g., 

Kizilcec et al., 2014), it is also conceivable that other video design features, which are also 

intended to direct learners’ visual attention, may influence talking head effects. In terms of 

slides, animations allow the content to appear on the slides gradually rather than all at once. 

Such a stepwise fade-in appears useful against the background of various multimedia principles 
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(e.g., signaling, Mayer, 2021; van Gog, 2022). According to the signaling principle (Mayer, 

2021), a sequential fade-in may guide learners’ attention to the content currently being 

discussed in the spoken narration since motion attracts attention (e.g., Abrams & Christ, 2003). 

A sequential presentation of content may therefore counteract the potentially distracting effect 

of the talking head. However, to the best of my knowledge, previous research did not investigate 

the extent to which this presentation type (sequential vs. static presentation) interacts with 

talking head effects. 

In addition to characteristics of the learning materials, characteristics of the learners 

themselves may also explain potential talking head effects. In their analysis of eye movements, 

Kizilcec et al. (2014) showed that learners differed greatly in the amount of time they spent 

looking at the talking head, ranging between 9% and 60%. This suggests that individual gaze 

behaviour may also represent a factor that explains talking head effects. However, to the best 

of my knowledge, no study investigated whether learners' eye movements explain talking head 

effects on learning outcomes. 

1.5. Objective and Research Questions 

Taken together, the presentation of the theoretical background revealed that talking 

heads are an important format, as they may potentially increase extraneous cognitive load and 

distract from other visual content (e.g., Ayres & Sweller, 2022), but at the same time may 

increase social presence as a social cue and may thus trigger deeper processing and enhanced 

learning (Mayer & DaPra, 2012; Mayer et al., 2004). Unlike other instructor presence formats, 

talking heads have a comparatively low level of embodiment (e.g., Mayer, 2021), which also 

implies that learning-promoting features such as referential gestures (e.g., Polat, 2023) do not 

play a role in talking heads. This allows the talking head format to provide an opportunity to 

examine the instructor’s impact as a social cue in relative isolation. At the same time, the 

presentation of the empirical research basis showed that there exists very little research on the 

talking head format (e.g., Kizilcec et al., 2014; Rosenthal & Walker, 2020), which generally 

requires a broader body of research, to which this thesis aims to contribute. Consequently, the 

overarching research question focused on how a talking head influences learning outcomes 

(Research Question 1).  

Additionally, previous research using eye tracking revealed that learners spent a lot of 

time looking at talking heads (Kizilcec et al., 2014) and instructors in general (e.g., van 

Wermeskerken et al., 2018), thus reducing visual attention on the remaining learning content. 

However, the question of whether this distraction by the talking head can also hinder learning 
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remained largely unanswered by prior research, especially for learning materials that require 

learners to look at the visual content in order to learn successfully. Hence, another aim of this 

thesis was to determine potential boundary conditions of talking heads, by investigating 

whether talking head effects on learning outcomes depend on the visual slide content and 

whether there are different effects for graphic- and text-based contents (Research Question 2). 

In addition, this thesis should address another potential boundary condition of talking heads 

concerning the learning materials, namely whether the way in which content appears on the 

slides (sequential vs. static presentation), impacts talking head effects (Research Question 3). 

Further, the effects of a talking head on other potentially (learning) relevant variables 

remained largely unclear in previous research. Talking head research to date provided very few 

findings with regard to both cognitive load measures (Kizilcec et al., 2015; Ng & Przybylek, 

2021) and social presence measures (Ng & Przybylek, 2021; Rosenthal & Walker, 2020), which 

represent important variables for determining explanatory mechanisms in relation to CTML 

(e.g., Mayer, 2021), CLT (e.g., Sweller et al., 1998), or social agency theory (e.g., Mayer & 

DaPra, 2012; Mayer et al., 2004). The same applies to affective measures (e.g., satisfaction). 

Therefore, central research questions of this thesis include how a talking head affects cognitive 

load, social presence, and other ratings by the learners (Research Question 4). 

Previous research similarly left open questions with regard to visual attention. Prior 

investigations did not clarify whether talking heads distract from graphic-based content and 

how they affect learners' eye movements when content appears step-by-step (cf. van 

Wermeskerken et al., 2018). Consequently, another research question was concerned with the 

extent to which learners' eye movements may explain talking heads effect on learning measures 

(Research Question 5).   
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2. Dissertation Overview 

In light of the theoretical framework described above and the empirical findings 

observed so far, this thesis examines the effects of talking heads in educational videos with 

narrated slides. For this purpose, I conducted four experiments, which I reported in three 

manuscripts (see Appendices A, B, and C). An overview of all experiments is provided in 

Table 1. The aim of this thesis is to investigate the effects of talking heads in educational videos 

and whether the use of talking heads is affected by certain boundary conditions (e.g., visual 

slide content alongside the talking head). When deriving this question, both practical aspects 

and the theoretical background played a crucial role. From a practical point of view, many 

formats raise the question regarding the instructor’s visibility, in particular lecturers face the 

question whether they should turn on the camera or not when preparing online lectures or lecture 

slides. From a theoretical point of view, the following initial situation was apparent: On the one 

hand, different theories such as CLT (e.g., Sweller et al., 1998) and CTML (e.g., Mayer, 2021) 

suggest that a visible talking head in the learning material can cause additional extraneous 

cognitive load, and the empirical findings showed that faces (also presented as talking heads, 

Kizilcec et al., 2014) attracted visual attention. In addition, certain beneficial effects of 

instructor presence (e.g., referential cues) do not come into play with the talking head format. 

On the other hand, empirical research at the time of my first experiment showed no (or almost 

no, see Wilson et al., 2018, for instructor presence in general) learning losses due to talking 

heads. Hence, I raised the research question of whether the talking head format in particular has 

limitations that need to be considered when using it. 

In this thesis, I therefore addressed a potential explanation for why previous research 

did not observe any negative effects of talking heads on learning outcomes: Namely that the 

learning materials did not require people to look at visual content in order to learn successfully. 

For this reason, I systematically varied the content of the videos with regard to their visual 

relevance in Experiments 1a and 1b (Manuscript 1) and systematically tested the recognition of 

visual content from the videos in Experiment 3 (Manuscript 3). Additionally, I systematically 

varied the presentation type of the content in Experiments 2 (Manuscript 2) and 3 

(Manuscript 3) since the appearance of the content (sequentially or statically all at once) may 

affect potentially distracting talking head effects. 
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Table 1 

Overview of the Experiments 

 Manuscript 1  Manuscript 2 Manuscript 3 

 Experiment 1a Experiment 1b Experiment 2  Experiment 3 

Setting Online  Online  Online  Laboratory 

Design 2 x 2 between-
within-subjects  

2 x 2 x 2 between-
within-subjects  

2 x 2 x 2 within-
subjects  

1 x 2 within-
subjects  

Independent 
variables 

Talking head 
(between, yes/no) 

Talking head 
(between, yes/no) 

Talking head 
(within, yes/no) 

Talking head 
(within, yes/no) 

 Slide type (within, 
graphic-/text-based) 

Slide type (within, 
graphic-/text-based) 

Slide type (within, 
graphic-/text-based) 

 

  Presentation type 
(between, 
sequential/static) 

Presentation type 
(within, 
sequential/static) 

 

Materials 6 videos per 
participant 

4 videos per 
participant 

8 videos per 
participant 

8 videos per 
participant 

Main  
dependent 
variables 

Knowledge 
acquisition 
(multiple choice) 

Knowledge 
acquisition 
(multiple choice) 

Knowledge 
acquisition  
(free recall) 

Video selection  

Knowledge  
acquisition  
(free recall) 

Picture  
recognition 
(multiple choice) 

Visual attention 
(e.g., fixations) 

 Cognitive load (e.g., 
extraneous 
cognitive load) 

Social presence 

Satisfaction 

Perceived learning 

Cognitive load (e.g., 
extraneous 
cognitive load) 

Social presence 

Satisfaction 

Perceived learning 

Cognitive load (e.g., 
extraneous 
cognitive load) 

Social presence 

Satisfaction 

Perceived learning 

Difficulty,  
invested mental 
effort 

Social presence 

Satisfaction 

Perceived learning 

Sample  N = 96 (Prolific) N = 184 (Prolific) N = 112 (Prolific) N = 96 (Uni-
versity students) 

Pre- 
registration 

https://osf.io/vcgp5 https://osf.io/r36wn https://osf.io/sd54z/?v
iew_only=43bab4086
ffb45989b04f077a925
627e 

https://osf.io/rcde6/?
view_only=fb6aa77
5e1b14d30826d2af2
9071bc51 

Data and  
scripts 

https://osf.io/xug9c/?v
iew_only=7b1499597
78c40c3b9fe51fb988f
823f 

https://osf.io/xug9c/?v
iew_only=7b1499597
78c40c3b9fe51fb988f
823f 

https://osf.io/afnb8/?v
iew_only=d1b698ba8
427488ab3200d36c09
6fe83 

https://osf.io/4uwx
6/?view_only=47a
628aba0e54eafa7a
0887b60af4266 
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In addition, with the different experiments included in this thesis, I aimed to obtain a 

broad picture of talking head effects on different dependent variables, since previous research 

on this format provided limited findings, especially on measures beyond learning outcomes. I 

followed this multi-criterial approach because many aspects were relevant when discussing the 

effects of talking heads. In this context, learning measures such as factual knowledge 

acquisition are of initial interest in order to determine whether a talking head influences the 

extraction of factual knowledge from the learning materials. Additionally, due to the link to 

CLT and CTML (e.g., Sweller et al., 1998; Mayer, 2021), various measures of cognitive load 

(especially extraneous and germane cognitive load) were also of central importance. Recording 

these cognitive load measures allowed testing whether the empirical evidence generated by the 

experiments supported the derivations from these theories. Similarly, the social agency theory 

(e.g., Mayer & DaPra, 2012; Mayer et al., 2004) suggests positive effects of social cues on 

social presence and also on learning measures. It remained an open question whether talking 

heads are capable of triggering such social processes despite their comparatively low 

embodiment (e.g., Mayer, 2021), leading me to include social presence as a central 

measurement in all experiments. Additionally, I was interested in talking head effects on 

affective variables (e.g., satisfaction) and further subjective ratings such as perceived learning, 

since previous research on talking heads had not yet provided broad evidence in this regard, 

although these variables are of particular importance in the context of informal learning. In such 

informal learning settings, learners often have a free choice between different learning 

opportunities, which may prevent them from responding to less appealing formats. Therefore, 

I decided to collect all these previously described measures (cognitive load, social presence, 

satisfaction, perceived learning) across all experiments. 

I extended this multi-criterial approach in different experiments to include further 

variables which were of central importance for the research questions addressed by the 

respective experiments. I decided to use a behavioural measure by including a selection task in 

Experiment 2 to capture which formats learners prefer when choosing between different 

educational videos. Further, I aimed to include process data by recording learners’ eye 

movements in Experiment 3 in addition to learning measures and self-reports to gain an insight 

into how a talking head affects actual gaze behaviour and whether these eye movements are 

related to learning measures. By incorporating a picture recognition task in Experiment 3, I 

intended to directly assess the recognition of visual learning content, which was already 

successfully implemented in other contexts (Glaser & Schwan, 2015).  
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When designing the educational videos which included the talking head, I opted for 

producing videos with narrated slides. Narrated slides can be described as video format in which 

content (e.g., graphic- or text-based) appears on slides with a spoken narration referring to it. 

This represents a popular format of educational videos, which is often used in online lectures. 

I integrated the talking head in the video slideshow by using greenscreen technology. Since 

many studies on instructor presence in general and talking heads in particular only included 

single videos or topics in their investigations, I aimed to examine the talking head with various 

video topics to enhance the generalisability of my findings.  

To answer my research questions, I used an experimental paradigm in all studies 

allowing a systematic variation of the presence of a talking head. For this purpose, I produced 

content-equivalent videos with and without a talking head, implying that learners saw either 

videos consisting of slides on which a talking head was displayed to introduce the content or 

identical videos (identical slides, identical spoken narration) without a visible talking head on 

the slides. I varied the visibility of the talking head partly using a between-subjects design 

(Experiments 1a and 1b), with learners either seeing all videos with or all videos without a 

talking head, and partly using a within-subjects design (Experiments 2 and 3), with learners 

seeing half of the videos with a talking head and the other half without talking head, while 

balancing which topic was presented with and without talking head.  

When selecting the experimental setting, which was partly influenced by the COVID-

19 pandemic, I opted for both online experiments (Experiments 1a, 1b, and 2) and a laboratory 

experiment with eye tracking (Experiment 3). The online experiments are characterised by a 

high external validity because the learners saw the videos in a similar context in which they are 

usually employed. In contrast, the laboratory experiment offered higher internal validity and 

greater experimental control, allowing the elimination of many potential interfering variables 

and ensuring that occurring effects could most likely be attributed to experimental variation. 

The use of both online and laboratory experiments also provided the opportunity to observe 

whether similar talking head effects showed up in both settings despite the different contextual 

factors. For all experiments, I preregistered hypotheses and corresponding analyses, 

manipulations, design, sample sizes, measures, and exclusion criteria. All data and scripts can 

be downloaded at Open Science Framework (OSF). Links to all preregistrations, data, and 

scripts are listed in Table 1. In the following, I will describe the four experiments and their 

genesis. Thereby, I will only address key variables and hypotheses. For a detailed description, 

please refer to the corresponding manuscripts in Appendices A, B, and C.  
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2.1. Manuscript 1: Experiments 1a and 1b 

2.1.1. Experiment 1a 

Experiment 1a was an online experiment that investigated the effects of a male talking 

head in six educational videos. Since talking heads and instructors in general often attracted 

visual attention, but rarely had learning-hindering consequences, I tested whether the talking 

head had different effects depending on whether the visual content was relevant (learners had 

to look at the content for successful learning) or not (learners did not have to look at the content 

for successful learning). I addressed this question using a 2x2 design, varying the presence of 

the talking head (present vs. absent) as a between-subjects factor and the relevance of the visual 

content (relevant vs. not relevant) as a within-subjects factor. In videos with talking head, the 

talking head appeared either in the bottom right or left corner (balanced). Operationalising the 

relevance of the visual content involved the use of graphic-based vs. text-based videos (on 

different topics). For this purpose, I produced videos on six different topics (see Figure 1). For 

graphic-based content (three videos), learners had to focus on the visual learning content to 

receive all information relevant to learning, whereas for text-based content (three videos), 

learners could receive all relevant information by listening to the spoken narration. In addition 

to learning outcomes (recall of factual information, multiple choice questions), the experiment 

further included cognitive load ratings (Klepsch et al., 2017), social presence ratings (adapted 

from Kizilcec et al., 2015; Schramm & Hartmann, 2008), and other subjective ratings such as 

satisfaction (adapted from Wang and Antonenko, 2017) and perceived learning (adapted from 

Kizilcec et al., 2015; Wang and Antonenko, 2017) as dependent variables in order to obtain a 

broad insight into the effects of talking heads. 

I expected the talking head to result in learning losses for relevant visual content (i.e., 

graphic-based videos) since learners would miss important information by looking at the talking 

head. However, I did not expect such learning losses due to the talking head in text-based videos 

since learners were able to compensate for the talking head’s possible visual distraction by 

listening to the spoken narration. Regarding subjective ratings, I expected the talking head to 

increase ratings of satisfaction and perceived learning based on prior research on instructor 

presence (e.g., Wang & Antonenko, 2017).  

The study was conducted with LimeSurvey, and participants were recruited via the 

online panel provider Prolific. The final sample size consisted of 96 participants (26 female, 

Mage = 29.01, SDage = 8.64). After randomised assignment and capturing learners’ self-reported 

prior knowledge regarding the video topics, the learners watched six videos (system-paced) and  
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Figure 1 

Screenshots of videos with talking head (left) and without talking head (right) dealing with text-

based (Rows 1 to 3) and graphic-based (Rows 4 to 6) topics (Experiment 1a)  

 
Note. Picture credits: All pictures except the pictures in Rows 4 and 6 were self-generated. Row 4: TUBS, South 

Georgia and the South Sandwich Islands in its region. This graphic contains elements which have been taken or 

were adapted from the following graphic (CC BY-SA 3.0): via 

https://commons.wikimedia.org/w/index.php?curid=15431607, Row 6: Lucas Cranach the Elder, Adam and Eve-

Paradise (Public domain): via https://commons.wikimedia.org/wiki/File:Lucas_Cranach_(I)_-_Adam_and_Eve-

Paradise_-_Kunsthistorisches_Museum.jpg 
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indicated various ratings. Due to time constraints, some ratings were recorded after each video 

and other ratings were recorded only once after participants had watched all videos. This was 

followed by the knowledge test.  

Contrary to the assumption, the talking head did not affect knowledge test performance, 

regardless of visual content (graphic-based vs. text-based). In addition, results revealed no 

talking head effects on various subjective ratings (e.g., cognitive load, social presence, 

satisfaction, and perceived learning). I presumed that the absence of learning losses due to the 

talking head next to graphic-based content might be due to the content fading in sequentially 

(animated slides). Since motion attracts attention (Abrams & Christ, 2003), according to the 

signaling principle (e.g., Mayer, 2021), the sequential fade-in could have repeatedly drawn 

learners’ attention away from the talking head and back to the visual learning content.  

2.1.2. Experiment 1b 

To test the proposed explanation outlined in the previous section and replicate 

Experiment 1a, I conducted a second experiment, which additionally varied whether the content 

appeared on the slides sequentially step by step or statically all at once. This time, I expected 

the talking head to result in learning losses with static presentation of visual content, whereas I 

expected a replication of the effects from Experiment 1a for the content presented sequentially. 

Also, according to the findings from Experiment 1a, I expected no effects of the talking head 

regarding learners’ subjective ratings. 

Experiment 1b was conducted online, almost completely identical to Experiment 1a 

except for the additional between-subjects factor presentation type (sequential vs. static). Since 

it was not possible to implement the static presentation for all six video topics from 

Experiment 1a, the learners saw four of the six videos of the preceding experiment (two 

graphic-based, two text-based). The final sample consisted of 184 participants (77 female, 103 

male, 4 diverse, Mage = 28.68 years, SDage = 8.47).  

The experiment indicated no impact of the talking head on knowledge test performance, 

neither for sequential presentation (replication of the findings from Experiment 1a) nor for static 

presentation, contrary to the hypothesis. In addition, the talking head again did not affect the 

majority of learners’ subjective ratings (e.g., perceived learning, satisfaction, social presence), 

but resulted in a decrease in extraneous cognitive load. Both Experiments 1a and 1b showed 

hardly any impact of the talking head on most of learners’ subjective ratings, although previous 

research often suggested an influence of talking heads (e.g., Kizilcec et al., 2014, Kizilcec et 

al., 2015) or instructors in general (e.g., Wang & Antonenko, 2017) in this regard. As a possible 
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explanation for this, I hypothesised that participants in Experiments 1a and 1b did not have a 

direct comparison between formats with and without talking head, unlike in other studies that 

observed effects of instructor presence on different ratings such as perceived learning and 

satisfaction (e.g., Kizilcec et al., 2014, Kizilcec et al., 2015; Wang & Antonenko, 2017). Hence, 

I decided to conduct a new experiment focusing more strongly on aspects of subjective ratings 

in a within-subjects design. 

2.2. Manuscript 2: Experiment 2 

Especially in informal learning contexts, it is of central importance whether learners like 

a video since this may determine whether a video is selected or continued to be watched (Guo 

et al., 2014). Experiment 2 therefore increasingly focused on learners’ subjective ratings, 

resulting in a variety of changes compared to the previous experiments: Experiment 2 varied 

the presence of a talking head as within-subjects factor to examine whether the talking head 

resulted in differences in subjective ratings when the learners had a direct comparison between 

different formats. Additionally, I implemented a selection task to determine to what extent a 

talking head could affect whether learners selected a video for learning. Further, I assessed 

learning outcomes using a free recall test of factual information instead of a multiple-choice 

test to potentially increase the difficulty of the knowledge test. 

Whereas graphic and text-based videos dealt with different topics in Experiments 1a 

and 1b, I modified this for Experiment 2 by producing content-equivalent graphic and text-

based videos. For this purpose, I produced new videos on eight different topics, this time 

including a female talking head (see Figure 2). Since the same content had to appear in both 

graphic- and text-based formats, slide type remained an independent variable, but the relevance 

of visual information as a possible moderator moved more into the background, as the previous 

experiments did not show any interactions with the talking head for learning outcomes, even 

when considering the presentation type (i.e., sequential vs. static presentation). 

In addition to the slide type, I also varied the presentation type (sequential vs. static 

presentation), as in Experiment 1b, in order to examine the extent to which this design feature 

influences potential talking head effects. These three two-level factors (talking head, slide type, 

presentation type) were all varied as within-subjects factors, resulting in a 2x2x2 within-

subjects design, with each learner seeing one video in each of the eight versions resulting from 

the combination of the features. For this purpose, I produced eight different video versions per 

topic. Between learners, I balanced which video topic they saw in which version to avoid 

confounds between content and version. Based on previous research in which learners had a di- 
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Figure 2 

Screenshots of videos with (left) and without (right) talking head appearing on graphic-based 

(top) and text-based (bottom) slides (Experiment 2)  

 
Note. Picture credits: This graphic contains elements which have been taken or were adapted from the following 

graphic (CC BY-SA 3.0): via 

https://de.wikipedia.org/wiki/Datei:Burkina_Faso_on_the_globe_(Africa_centered).svg   

 

rect comparison between videos with and without an instructor (e.g., Wang & Antonenko, 

2017), I expected positive effects of the talking head on different subjective ratings (e.g., 

satisfaction perceived learning). In terms of learning outcomes, based on exploratory 

supplemental analyses of Experiment 1b (cf. Appendix A), I expected a three-way interaction, 

reflecting particularly weak learning outcomes for a visible talking head with graphic-based 

content and static presentation. 

Experiment 2 was conducted as an online experiment via LimeSurvey. The sample 

consisted of 112 participants recruited via Prolific (64 female, 43 male, 5 diverse, Mage = 26.88 

years, SDage = 9.13). After indicating their self-assessed prior knowledge, learners watched 

eight short videos (system-paced), with various rating measures recorded after each video. This 

was followed by the knowledge test, which, different from Experiments 1a and 1b, tested free 

recall (instead of multiple choice) of factual knowledge from the videos. Finally, there was the 

video selection task, before which the learners received the information that they would now 

watch another video and could choose the format.  

According to the hypothesis, there were positive effects of the talking head on different 

subjective ratings such as satisfaction and perceived learning. In contrast, however, I observed 
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a small but negative effect of the talking head on knowledge test performance, regardless of 

slide type or presentation type, which was also not in line with the expected three-way-

interaction. In addition, participants indicated considerably higher social presence ratings for 

videos including a talking head and selected formats with talking head more frequently in the 

selection task. Further, the talking head resulted in a decrease in extraneous cognitive load and 

an increase in germane cognitive load.  

Whereas the aforementioned talking head effects emerged regardless of slide type and 

presentation type, there were consistent interactions between slide type and presentation type 

for several dependent variables (e.g., perceived learning, satisfaction, extraneous cognitive 

load), suggesting that sequential presentation was beneficial for graphic-based content, while it 

often had no effects for text-based content. Overall, the contrasting talking head effects imply 

that the decision in favour of or against a talking head might include a trade-off between 

educational usefulness and desired video popularity. 

2.3.Manuscript 3: Experiment 3 

In the previous online experiment, the talking head had a small but detrimental effect 

on learning outcomes. Whereas this online study offered high ecological validity with learners 

watching videos in a similar context in which they are frequently used, the experimental control 

was rather low, and it was not possible to record learners’ eye movements. Hence, I decided to 

conduct a similar experiment (i.e., again varying of the talking head as within-subjects factor, 

identical knowledge test) in the laboratory using eye tracking to investigate whether the talking 

head influences learners in how long they fixated the learning content and whether their eye 

movements may contribute to explain learning effects. Since slide type and presentation type 

did not influence talking head effects on learning outcomes and other key variables in 

Experiment 2, I opted against systematically varying these two design features in Experiment 3.  

I conducted Experiment 3 in the laboratory at the University of Tübingen. For the 

materials, I used a subset of the materials from Experiment 2. I decided to use graphic-based 

videos with sequential fade-in since the combination of visual content that appears dynamically 

represents an interesting combination of materials for an eye tracking study. In particular, a 

reason for choosing graphic-based content was the lack of empirical evidence showing a 

distracting effect of the talking head next to purely graphic-based learning content at the level 

of eye movement measures. In addition, the entirely graphic-based content allowed assessing 

learning outcomes in an additional format: In this experiment, I implemented a picture 

recognition task (cf. Glaser & Schwan, 2015) to determine whether the talking head influences 
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the recognition of visual details from the videos. Further, the stepwise appearing content 

allowed to examine whether the talking head impacts attention to newly appearing learning 

content, i.e., how long (fixation duration), how often (number of fixations), and how quickly 

(time to first fixation) learners fixated the newly appearing content on the slides (cf. van 

Wermeskerken et al., 2018). 

I varied the presence of the talking head using a within-subjects design, with every 

learner watching videos on eight different topics, four of them with and four without talking 

head. Again, I balanced whether the talking head appeared in the bottom right or bottom left 

corner of the video. As this made the content appear either slightly further to the right or left in 

the video, I also balanced whether the content appeared further to the right or left for the 

conditions without a talking head. Further, it was balanced between participants which topic 

was presented with and without talking head.  

Based on previous research using eye tracking (e.g., Kizilcec et al., 2014), I expected a 

decrease in content fixation duration for videos including a talking head. Following the previous 

online experiment using similar materials and the same knowledge test (i.e., Experiment 2), I 

expected better knowledge test performance for videos without talking head than for videos 

with talking head. Accordingly, I expected better picture recognition task performance without 

talking head as the talking head attracted visual attention in previous research (e.g., Kizilcec et 

al., 2014). Since the experiment included both learners’ eye movement measures and two 

different learning measures (knowledge test, picture recognition task), I additionally aimed to 

explore whether talking head effects on learning measures were explained by content fixation 

duration. In addition, based on the results in Experiment 2, I expected positive talking head 

effects on different subjective ratings (social presence, satisfaction, perceived learning). 

Ninety-six students of the University of Tübingen participated in the eye tracking 

experiment (73 female, Mage = 22.61, SDage = 3.78). The experimental procedure included two 

laptops per participant, with one laptop presenting the videos during eye tracking and the other 

presenting the knowledge test and picture recognition task. After indicating their self-reported 

prior knowledge and completing the calibration procedure, learners saw eight videos (system-

paced) on eight different topics while their eye movements were recorded using a Tobii Pro 

Nano eye tracker (60 Hz). During the complete eye tracking procedure, the participants were 

asked to place their head on a chinrest to improve data quality. After each video, learners 

answered questions regarding subjective ratings. In order to keep the eye tracking part as short 

as possible, there was no detailed measurement of the cognitive load after each video, but the 
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measurement involved only one item on perceived difficulty (as indicator for intrinsic and 

extraneous cognitive load) and one item on invested mental effort (as indicator for germane 

cognitive load). After watching all videos, learners completed the knowledge test and the 

picture recognition task.  

In line with the hypothesis, the talking head strongly influenced learners’ eye 

movements by reducing content fixation duration. Additionally, newly appearing learning 

content was fixated shorter, less frequently, and more slowly when presented next to a talking 

head. However, in contrast to the hypothesis, the talking head did not affect both learning 

measures (i.e., knowledge test and picture recognition task performance). Further, content 

fixation duration could not explain talking head effects on learning outcomes. Regarding 

subjective ratings, the talking head did not affect most of the ratings (e.g., satisfaction, 

perceived learning) but had a strong positive effect on ratings of social presence. Whereas there 

was a strong distraction by the talking head at the level of eye movements, no learning losses 

were observed at the level of different learning outcomes. 

2.4. Internal Meta-Analysis  

It is evident from the presentation of the experiments that the findings regarding various 

dependent variables (e.g., knowledge test performance, social presence, satisfaction) in the 

different experiments were heterogeneous, so that only limited general conclusions are possible. 

For this reason, additional meta-analyses were calculated for the central variables covered in 

all experiments in order to enable overall conclusions based on the data of this thesis. 

Nevertheless, it should be considered that a small number of included studies in a meta-analysis, 

as in this case with N = 4 experiments, leads to a poorer estimate and lower precision (Kelley 

& Kelley, 2012). A single meta-analysis was calculated for each of the central dependent 

variables that were recorded across all experiments, i.e. knowledge test performance, 

extraneous and germane cognitive load, social presence, satisfaction, and perceived learning. 

Please note that difficulty served as equivalent for extraneous cognitive load and invested 

mental effort served as equivalent for germane cognitive load in Experiment 3. When 

calculating the meta-analyses, I selected a random-effects model, allowing the true effect to 

vary from study to study, and opted against a fixed-effects model, which would have assumed 

one true effect size (Borenstein et al., 2009). Since not all experiments were identical in design, 

materials, and setting, this might have affected the respective effects. I calculated the meta-

analyses using JASP (Version 0.18.3). In choosing the random-effects model, I opted for a 

restricted maximum likelihood method, also taking into account the degrees of freedom used in 
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estimating the fixed-effect portion of the model, which is particularly relevant for meta-analyses 

including only a small numbers of studies (Kelley & Kelley, 2012). Cohen’s d was used as the 

effect size, since it is considered a robust estimator for samples with N > 20 (Goulet-Pelletier 

& Cousineau, 2018), which applies to all included experiments. When interpreting effect size 

estimates, I refer to Cohen's (1988) classification, which categorises effects d < 0.5 as small, d 

< 0.8 as medium, and d ≥ 0.8 as large effects. To obtain Cohen’s d, SPSS was used to calculate 

t-tests for either independent samples (Experiments 1a and 1b) or dependent samples 

(Experiments 2 and 3) in order to examine only the talking head effect for the respective 

experiments. The standard error of the effect size d was calculated using the 95% confidence 

intervals of Cohen’s d provided by SPSS (
CIupper limit−𝑑

1.96
). The corresponding JASP-file for all 

meta-analyses also including the relevant data can be found on OSF 

(https://osf.io/49xvp/?view_only=b7b18de79b64409ba839717dcc7e2a0f). 

The forest plots of all conducted meta-analyses are displayed in Figure 3. For 

knowledge test performance, the random-effects model revealed no significant effect across the 

four experiments, d = -0.088, SE = 0.062, p = .154, 95% CI [-0.209, 0.033]. However, the 

talking head significantly reduced ratings of extraneous cognitive load compared to formats 

without talking head, d = -0.174, SE = 0.071, p = .014, 95% CI [-0.314, -0.035]. Regarding 

germane cognitive load, the talking head had no significant overall effect, d = 0.072, SE = 0.073, 

p = .324, 95% CI [-0.071, 0.215]. Similarly, the random-effects model revealed no significant 

talking head effect for social presence across all four experiments, d = 0.493, SE = 0.285, 

p = .083, 95% CI [-0.065, 1.050]. In contrast, a small talking head effect emerged in the meta-

analysis on satisfaction, d = 0.285, SE = 0.125, p = .022, 95% CI [0.040, 0.529], with the talking 

head increasing learners’ satisfaction ratings compared to videos without talking head. Finally, 

the random-effects model on perceived learning revealed no significant effect across the four 

experiments, d = 0.131, SE = 0.077, p = .090, 95% CI [-0.021, 0.283].  

In summary, the talking head significantly reduced learners’ ratings of extraneous 

cognitive load across different studies. Further, the meta-analyses showed an increase in 

satisfaction due to the talking head across the four experiments, while the talking head had no 

overall effect on the other dependent variables. 
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Figure 3 

Forst plots of the random-effects (RE) meta-analyses conducted on (1) knowledge test 

performance, (2) extraneous cognitive load, (3) germane cognitive load, (4) social presence, 

(5) satisfaction, and (6) perceived learning  
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3. General Discussion 

3.1. Summary and Discussion of Findings 

In the following, I first summarise and discuss the central results of the experiments 

grouped by dependent variables. In doing so, I concentrate on the central variables and results 

for the overall thesis, which also constituted the focus of the introduction and the presentation 

of the individual experiments. For an insight into the more detailed findings, please refer to the 

individual manuscripts in Appendices A, B, and C. 

3.1.1. Learning Outcomes 

With regard to Research Question 1, addressing talking head effects on learning 

outcomes, the reported findings on knowledge acquisition were not entirely consistent across 

different experiments. In the first two online experiments, varying the presence of a talking 

head as between-subjects factor and recording knowledge acquisition using a multiple-choice 

test, the talking head did not affect factual knowledge acquisition. However, in the last online 

experiment (Experiment 2), varying talking head as within-subjects factor and measuring 

knowledge acquisition using a free recall test, the talking head had a small negative effect on 

factual knowledge acquisition. Experiment 3, which took place in the laboratory and studied 

the talking head as within-subjects factor, showed no effects of the talking head using an 

identical free recall test as in Experiment 2. When the internal meta-analysis across the four 

experiments regarding knowledge test performance is also taken into account in answering 

Research Question 1, there was also no effect of the talking head on learning outcomes. In 

addition, the talking head did not affect the recognition of pictures from the videos in 

Experiments 3.  

Another aim of this thesis was to determine whether talking head effects on learning 

outcomes depend on certain boundary conditions concerning the learning materials, i.e., slide 

type (Research Question 2) and presentation type (Research Question 3). In all experiments, 

talking head effects on learning outcomes were independent of other design features that were 

additionally varied systemically in the experiments (i.e., slide type in Experiments 1a, 1b, and 

2; presentation type in Experiments 1b and 2). Hence, the findings do not provide support for 

the investigated boundary conditions. 

Possible explanations for the different results on learning outcomes are outlined in the 

following. Given the similarity of the first two experiments (e.g., talking head varied as a 

between-subjects factor, identical talking head, similar materials, similar knowledge test), it is 
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hardly surprising that the first two experiments provided a very uniform pattern of findings, 

especially with regard to learning outcomes. Experiment 1b replicated Experiment 1a and 

additionally investigated a potential explanation for the absence of learning losses in 

Experiment 1a, namely that the sequential presentation of the content compensated for the 

distracting effect of the talking head, which was not supported by the results. The learning 

outcomes in Experiment 2 differ from those of the previous two experiments, and there are 

several possible reasons for this, considering the numerous differences between these 

experiments. For instance, the experiments included different educational videos, different 

talking heads, a different design with respect to the talking head (between- vs. within-subjects 

factor), and different knowledge tests (multiple choice vs. free recall). Finally, Experiment 3 

tested a potential explanation for learning deficits in Experiment 2, namely that learners 

performed worse when looking at the learning content for a shorter time. However, 

Experiment 3 could neither replicate learning losses nor observe a mediating effect of learners’ 

eye movements regarding talking head effects on learning measures (cf. Research Question 5). 

However, in view of the numerous similarities between Experiments 2 and 3 (talking 

head as within-subjects factor, identical talking head, similar learning materials, identical 

knowledge test), the question arises as to why the learning-inhibiting effect of the talking head 

was not replicated. One potential explanation for this might lie in the changed experimental 

setting (online vs. laboratory experiment). Watching an educational video at home in familiar 

surroundings and without supervision represents a completely different learning situation than 

watching the same video in a laboratory room, with the head on a chinrest, knowing that one’s 

eye movements are recorded and analysed. Correspondingly, the meta-analysis by Alemdag 

(2022) already suggested that the study setting can serve as a moderator for instructor presence 

effects on learning measures, with  positive effects in laboratory studies, and no (but 

descriptively negative) effects in online studies. Hence, talking head effects appear to be 

sensitive to the experimental setting. Both my findings and the meta-analysis by Alemdag 

(2022) suggested that talking head effects tend to be more positive in the laboratory, with my 

experiments revealing no effect in the laboratory (Experiment 3) and a negative effect online 

(Experiment 2) and Alemdag (2022) showing a positive effect in the laboratory and no effect 

online. Hence, future research should address potential reasons for this pattern, for instance by 

systematically studying the participants' invested effort.  

Another difference between Experiments 2 and 3 concerned the investigated sample. In 

Experiment 2, the sample was recruited using the online panel provider Prolific, whereas in 

Experiment 3, the student mailing list of the University of Tübingen served for recruitment. 
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Accordingly, whereas the proportion of university students in the sample of Experiment 3 was 

almost 100%, in Experiment 2 it was only around 54%. With regard to school education, 

however, there were no major differences between the experiments. In Experiment 3, all 

participants stated either high school diploma or university degree as their highest qualification, 

and in Experiment 2 this proportion was also 92%. In addition, the performance in the identical 

knowledge test was comparable in both experiments2, which argues against systematic 

differences between the samples being responsible for the different talking head effects. 

Taken together, the talking head had largely no effects on learning measures, apart from 

a rather small negative effect on the recall of factual information from the videos in a 

comparatively informal setting in Experiment 2. The internal meta-analysis also supported the 

predominantly absent effects on learning outcomes by revealing no overall talking head effect 

across the four experiments. These observations correspond to the findings in previous talking 

head research, where the majority of studies also showed no learning effects (Kizilcec et al., 

2014; Ng & Przybylek, 2021; Rosenthal & Walker, 2020). A detrimental effect on learning 

measures as in Experiment 2 was only found in a talking head study by Yuan et al. (2021), 

which was also an online experiment with learners performing better in a retention and transfer 

test without a talking head. It is important to note that I did not observe any learning-promoting 

effects of a talking head in any of the experiments, contrary to the findings of Kokoç et al. 

(2020) and Zhang and Yang (2022). The absence of learning-promoting effects (even in the 

laboratory) is not surprising in light of the research on the embodiment principle (e.g., Fiorella, 

2022), which suggests no learning advantages for low-embodied instructors such as talking 

heads compared to high-embodied instructors.  

Further, in terms of Research Questions 2 and 3, the design features systematically 

varied in Experiments 1a, 1b, and 2 did not influence talking head effects on learning outcomes 

in any of the experiments. Instead, the talking head in Experiment 2 had a small but detrimental 

effect on learning, regardless of other design features. In particular, the talking head did not 

interfere with learning even though I systematically designed graphic slides for Experiments 1a 

and 1b in which crucial information relevant for the successful completion of the knowledge 

test was only presented visually on the slides. Correspondingly, the talking head did not affect 

picture recognition task performance in Experiment 3, which systematically asked for visual 

details that learners could only recognise by looking at the slides. In addition, eye tracking data 

 
2 A t-test for independent samples comparing mean scores of Experiments 2 and 3 revealed no significant 
difference in knowledge test performance, t(206) = 0.162, p = 0.872.  
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from this experiment also demonstrated that learners looked at the content for a shorter time 

when including a talking head. Learners therefore seemed to compensate very well for the 

visual distraction caused by a talking head and learned just as well even with reduced visual 

attention on the learning content. A potential explanation might be that even very short fixations 

were sufficient to successfully answer the corresponding tasks (cf. Eitel et al., 2012). Against 

the background of these findings, it would be interesting to examine the influence of a talking 

head next to learning content with a higher visual complexity (see Meier et al., 2023).  

Similarly, the presentation of the content (sequential vs. static) did not systemically 

influence the talking head effects on learning. In this respect, the eye tracking findings from 

Experiment 3 also offer an interesting perspective, even though the presentation type was no 

longer systematically varied in Experiment 3. Nonetheless, the learners’ eye movements with 

sequentially appearing content indicated that the talking head decreased learners’ visual 

attention on newly appearing content in terms of various measures (i.e., fixation duration, 

number of fixations, time to first fixation). This at least suggested that the sequential 

presentation of content on the slides alone could not completely compensate for a talking head’s 

distracting effect on the level of process data. 

3.1.2. Visual Attention 

As eye movement measures were only recorded in one of the four experiments, no 

conclusions can be drawn across studies in this regard. However, consistent with previous 

research and a recent meta-analysis on instructor presence (Beege et al., 2023), the eye tracking 

experiment indicated a strong effect of the visible talking head on various measures of visual 

attention. In line with previous instructor presence (e.g., van Wermeskerken et al., 2018) and 

talking head research (Zhang & Yang, 2022), the talking head resulted in learners fixating the 

overall learning content for a shorter time. In addition, consistent with the findings of van 

Wermeskerken et al. (2018), learners fixated the newly appearing content for a shorter time and 

less frequently.  

In addition, the present findings were able to expand previous eye tracking research on 

instructor presence in some respects. Extending the findings of Zhang and Yang (2022), the 

distracting effect of the talking head was demonstrated also for graphic-based learning content. 

In addition, Experiment 3 extended the findings of van Wermeskerken et al. (2018) regarding 

a higher-embodied instructor to the effect that a talking head not only resulted in newly 

appearing content being fixated for a shorter time and less often, but also more slowly. Hence, 

the talking head also delayed learners’ fixation of newly appearing content, unlike the higher-
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embodied instructor in the study by van Wermeskerken et al. (2018). It is possible that the 

higher-embodied instructor in the study by van Wermeskerken et al. (2018) used gestures to 

refer to newly appearing content, preventing a delay at this point. Another explanation for this 

difference might be that the appearance of the content in the video by van Wermeskerken et al. 

(2018) followed a clear structure (from top to bottom), whereas the video content in my eye 

tracking study appeared in different places on the slides without a fixed structure. This probably 

made it more difficult for learners to anticipate where the next content would appear, which 

could have caused a delay with a visible talking head.  

Research Question 5 concerned the extent to which learners’ eye movements may 

explain talking head effects on learning outcomes. Hence, I investigated whether fixation 

duration of the content could explain the talking head effects on learning, without any evidence 

of significant mediations. Consistent with studies on high-embodied instructors (van 

Wermeskerken et al., 2018; Wang, Antonenko, & Dawson, 2020), there were largely no 

associations between eye movements and learning measures (neither on knowledge test nor on 

picture recognition task performance). This missing relationship is particularly surprising with 

regard to picture recognition task performance, because this task explicitly required learners to 

look at the learning content on the slides, including visual details. As already discussed, the 

learners seemed to be able to compensate well for the visual distraction caused by the talking 

head and even limited fixation durations on the content seemed to be sufficient to correctly 

recognise visual details (cf. Eitel et al., 2012). However, these findings also illustrated the 

importance of combining process measures such as eye tracking data with other measures, as 

already discussed in the General Introduction section. If the eye tracking findings were 

considered in isolation, one would assume a negative effect due to the talking head. However, 

combining the eye tracking results with different learning measures revealed that this distraction 

caused by the talking head on the level of process data did not translate into different learning 

measures, thus qualifying the eye tracking findings. 

Nevertheless, it is important to note that across conditions, there was a positive 

correlation between the number of fixations of the newly appearing content and picture 

recognition task performance (cf. Appendix C). This relationship at least suggested that visual 

attention might be associated with learning measures. For future research in this context, the 

number of fixations might be an interesting measure in addition to fixation duration. 
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3.1.3. Cognitive Load 

In addressing Research Question 4, the experiments also investigated the effects of 

talking heads on rating measures. In terms of different measures of cognitive load, the findings 

were also heterogeneous. Experiments 1a, 1b, and 2 recorded the three sources of cognitive 

load using a scale by Klepsch et al. (2017), while Experiment 3 included one-item ratings of 

perceived difficulty (as indicator for intrinsic and extraneous cognitive load, although a clear 

separation was no longer possible here) and invested mental effort (as indicator for germane 

cognitive load). 

With regard to extraneous cognitive load (Research Question 4), the internal meta-

analysis across all experiments revealed that the talking head reduced ratings of extraneous 

cognitive load. When considering the findings at the level of the individual experiments, there 

was no effect of the talking head in Experiment 1a. However, in Experiments 1b and 2, the 

talking head consistently led to lower extraneous cognitive load ratings, despite numerous 

differences between the two experiments (e.g., design, materials). In Experiment 2, reduced 

extraneous cognitive load ratings induced by the talking head corresponded with reduced 

ratings of perceived difficulty. In Experiment 3, as in Experiment 1a, no talking head effect on 

perceived difficulty was observed, consistent with the findings of Ng and Przybylek (2021), 

where the talking head also did not influence the ratings of extraneous cognitive load. Whereas 

the pattern is inconsistent and warrants further research, the load-reducing effects in 

Experiments 1b, 2, and the overall meta-analysis were actually consistent with some other 

findings from prior research on talking heads (Kizilcec et al., 2015) and instructor presence in 

general (Wang, Antonenko, Keil, & Dawson, 2020). Similarly, the broad range of findings 

summarised in the meta-analysis by Beege et al. (2023) supported the reducing effect of a 

visible instructor on extraneous cognitive load, although it should be noted that this meta-

analysis already included the results of Experiments 1a, 1b, and 2 reported in this thesis. The 

fact that learners expressed lower extraneous cognitive load for videos including a visible 

talking head might stem from learners spending a lot of time looking at the talking head and 

therefore being less able to realistically assess the design of the remaining learning content. 

Hence, learners might tend to primarily evaluate the difficulty of the talking head and not the 

difficulty of the learning materials presented next to the instructor, presumably not perceiving 

the talking head as particularly difficult. Beege et al. (2023) provided a similar explanation in 

their meta-analysis, also attributing the load-reducing effects to the split-attention effect (Ayres 

& Sweller, 2022) and learners’ reduced attention on the content. Accordingly, they point out 

that social information (i.e., the instructor’s visuals) as a fundamental biological process does 
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not pose a strong cognitive load (Kirschner et al., 2018), explaining the reduced ratings of 

extraneous cognitive load. However, the missing relationships between fixation duration of the 

learning content and indicators of cognitive load (i.e., perceived difficulty) in Experiment 3 

contradict this explanation. Here, increasing attention to the learning content was not associated 

with higher ratings of difficulty (cf. Appendix C). However, Experiment 3, unlike the other 

experiments presented, did not include a detailed assessment of extraneous cognitive load, but 

only one item on perceived difficulty. 

In summary, load-reducing effects of the talking head are not consistent with theory. 

According to coherence (e.g., Mayer, 2021) or split-attention principle (Ayres & Sweller, 

2022), a talking head should, if at all, lead to an increase in extraneous cognitive load. It is 

conceivable that the learners were not able to assess their actual load accurately using the self-

assessment of extraneous cognitive load (Klepsch et al., 2017). It is possible that they did not 

perceive the design as unfavourable or exhausting, but rather – in line with their overall positive 

satisfaction ratings in the internal meta-analysis – very favourable, without this necessarily 

reflecting their actual cognitive load. However, results of explorative mediation analyses from 

Experiment 2 (cf. Appendix B) did not support this argument by suggesting that learners’ 

ratings of extraneous cognitive load corresponded to their learning outcomes. In particular, the 

less strenuous a learner assessed videos including a talking head compared to videos not 

including a talking head, the less detrimental to learning the talking head was compared to 

videos not including a talking head. Against this background, it would be interesting to 

investigate talking head effects with other instruments for recording cognitive load, both with 

other self-reports (e.g., Krieglstein et al., 2023) and with process measures such as pupil dilation 

(e.g., Lee et al., 2020; Rosch & Vogel-Walcutt, 2013).  

With regard to the intrinsic cognitive load, there consistently were no talking head 

effects in Experiments 1a, 1b, and 2 and, correspondingly, no effects on perceived difficulty 

ratings in Experiment 3. This pattern of findings is consistent with CLT (e.g., Sweller et al., 

1998), which would not suggest any talking head effects on intrinsic cognitive load since adding 

or removing a talking head should not affect the interactivity of the elements in the learning 

material. 

With respect to germane cognitive load, there were no talking head effects in 

Experiments 1a and 1b. In Experiment 2, in line with the social agency theory (e.g., Mayer & 

DaPra, 2012), the visible talking head resulted in higher ratings of germane cognitive load (and 

also of social presence). In laboratory Experiment 3, there was no systematic recording of 
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germane cognitive load with three items due to time constraints, but there were no differences 

in ratings of invested mental effort which was recorded as an indicator for germane cognitive 

load. Further contributing to answer Research Question 4, the internal meta-analysis across the 

four experiments supported the mostly absent effects and indicated no overall talking head 

effect on germane load. Potential reasons for the differing findings between Experiments 2 and 

3 could lie in the different measurement instruments, but also in the different settings (online 

vs. laboratory). To the best of my knowledge, these are the first findings available on the effects 

of talking head on germane cognitive load, so no real comparison with previous research is 

possible. The differences between the various studies (between vs. within-subjects factor, 

online vs. laboratory experiment, different measurement instruments) suggest various potential 

reasons for different findings. Taken together, most of the experiments and the internal meta-

analysis did not support the predictions of social agency theory (Mayer & DaPra, 2012; Mayer 

et al., 2004), namely an increase in germane cognitive load by adding a social cue, with only 

Experiment 2 yielding a small to medium effect (ηp
2 = .046, cf. Cohen, 1988) consistent with 

theory. Similar to extraneous cognitive load, more research, also using other instruments (e.g., 

Krieglstein et al., 2023), is desirable. 

3.1.4. Social Presence 

In addition, Research Question 4 concerned talking head effects on social presence. In 

this regard, the reported findings were also mixed. Whereas Experiments 1a and 1b showed no 

effects of talking heads on social presence ratings, both Experiments 2 (ηp
2 = .518) and 

Experiments 3 (ηp
2 = .454) revealed strong positive effects according to Cohen (1988). 

However, the internal meta-analysis across all four experiments revealed no general talking 

head effect on social presence ratings. When discussing the deviating effects between 

Experiments 1a and 1b on the one hand and Experiments 2 and 3 on the other, it should be 

noted that I used the same three-item scale in all four experiments. It is conceivable that very 

strong social presence effects only emerged when learners had a direct comparison between 

formats with and without a talking head as it is the case in the within-subjects designs in 

Experiments 2 and 3. Since Experiments 2 and 3 involved the same materials, I conducted 

additional exploratory analyses with these datasets which supported the aforementioned 

explanation. When considering the social presence ratings for the first video in Experiments 2 

and 3, in which the learners had no direct comparison between different formats, there was no 

significant difference in the ratings between videos with and without a talking head, neither in 

Experiment 2, t(110) = 0.66, p = .509, d = 0.13, nor in Experiment 3, t(94) = 0.07, p = .945, 

d = 0.01. However, when considering the social presence ratings of the last video (i.e., the 
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learners had watched several videos both with and without a talking head), both Experiment 2, 

t(99.595) = 5.94, p < .001, d = 1.12, and Experiment 3, t(86.179) = 4.85, p < .001, d = 0.99, 

showed a strong positive effect of the talking head on social presence ratings.3 However, it is 

important to note that the findings presented can also be explained by a temporal factor, with 

social presence ratings, for example, increasing over the course of the experiments. In this 

respect, different talking head effects over time (especially with longer videos) represent an 

interesting perspective for future research.  

Nonetheless, the aforementioned reasoning is also supported by prior research, which 

reported no differences in social presence ratings in talking head studies with between-subjects 

design (Ng & Przybylek, 2021; Rosenthal & Walker, 2020, Study 1; Yuan et al., 2021). In 

contrast, in line with my findings involving a within-subjects design (Experiments 2 and 3), in 

Study 2 by Rosenthal & Walker (2020), a talking head enhanced social presence ratings in a 

repeated-measures design. In the meta-analysis, in which the findings from Experiments 1a, 1b, 

and 2 were already included, Beege et al. (2023) also identified a positive effect of instructor 

presence in general on social presence ratings. 

Taken together, a talking head may increase the learners’ perceived social presence, 

especially when they have a direct comparison between formats with and without a visible 

talking head. This is particularly relevant since increased social presence according to the social 

agency theory constitutes a process leading to deeper processing and improved learning (e.g., 

Mayer & DaPra, 2012). Despite increased social presence ratings in Experiments 2 and 3 and 

higher germane cognitive load ratings in Experiment 2, the presence of the talking head did not 

translate into higher learning outcomes in any of the experiments. In terms of learning measures, 

however, it should be noted that the social agency theory (e.g., Mayer & DaPra, 2012) primarily 

assumes higher transfer performance, whereas I only recorded recall of factual information. 

3.1.5. Other Subjective Ratings 

At this point, I focus on talking head effects on ratings of satisfaction and perceived 

learning, which were collected in all experiments and were addressed in Research Question 4. 

For an insight into the findings on other variables (e.g., professionalism, joy of learning), please 

refer to the individual manuscripts. Findings on satisfaction and perceived learning were 

heterogeneous in different experiments, with the pattern for both measures varying equally 

across experiments. Comparable to the findings on germane cognitive load, the talking head 

 
3 Since variance homogeneity was violated in both comparisons relating to the last videos, the corrected results 
of the Welch’s t-test are reported, yielding deviating degrees of freedom. 
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did not affect both ratings in Experiments 1a and 1b, whereas the talking head had large 

(satisfaction, ηp
2 = .252) or medium (perceived learning, ηp

2 = .079) positive effects in 

Experiment 2. Accordingly, learners preferred videos with talking heads in the selection task. 

However, Experiment 3 showed no differences in satisfaction and perceived learning between 

videos with and without talking head. Taken together, despite the predominant absence of 

effects at the experiment level, the internal meta-analysis across the experiments showed a 

positive effect of the talking head on satisfaction ratings. However, for perceived learning, the 

meta-analysis revealed no overall talking head effect. 

When discussing potential explanations for heterogenous findings in the experiments, 

the variation of the talking head as a within-subjects factor in Experiment 2 aimed to examine 

whether differences in rating measures emerged when learners had a direct comparison between 

formats with and without a talking head. Although the findings from Experiment 2 support this 

assumption, the absent effects in Experiment 3 suggest that a direct comparison between 

formats is not a sufficient condition for learners to prefer formats with a talking head over those 

without. It is conceivable that the within-variation of the talking head in more informal settings 

(online experiment) had positive effects on evaluation measures, whereas it had no effect in a 

more formal setting (laboratory experiment), in which the learners’ focus probably is less on 

liking the materials.  

The heterogeneous pattern of findings across the experiments reflects the heterogeneous 

findings in previous research. For instance, the missing talking head effects on ratings of 

perceived learning and satisfaction in Experiments 1a, 1b, and 3 match the lack of differences 

in two studies by Rosenthal and Walker (2020) comparing a picture-in-picture and a voiceover 

format regarding quality and preference ratings in both a between- and a within-subjects design. 

At the same time, according to the social-cue hypothesis (Colliot & Jamet, 2018), individual 

findings on talking heads (Kizilcec et al., 2014; Yuan et al., 2021) also indicated positive effects 

on rating measures in line with Experiment 2 and the internal meta-analysis on satisfaction. In 

contrast, the body of evidence showing that visible instructors in general (not only talking 

heads) improved participants’ ratings of the learning materials (satisfaction, Wang & 

Antonenko, 2017; Wang, Antonenko, & Dawson, 2020; perceived learning, Wang & 

Antonenko, 2017; Wilson et al., 2018) is already much broader and is also supported by 

comprehensive reviews and meta-analyses (e.g., Alemdag, 2022; Beege et al., 2023; Polat, 

2023). 
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In summary, when answering Research Question 4 regarding talking head effects on 

satisfaction and perceived learning, the results of the internal meta-analyses indicated that 

talking heads can positively affect the evaluation of the learning materials in terms of 

satisfaction, but not in terms of perceived learning. In addition, considering all four 

experiments, no negative effects of talking heads on learners’ ratings could be identified.  

3.1.6. Beyond the Talking Head – Other Findings 

The presented experiments also provided interesting findings beyond the talking head 

effects. Although the additional design features varied in Experiments 1a, 1b, and 2 did not 

interact with the visibility of the talking head in terms of learning outcomes, Experiment 2 

revealed interesting interactions regarding the interplay of slide type and presentation type. In 

particular, in Experiment 2, which included content-equivalent graphic- and text-based slides, 

a consistent interaction between slide type and presentation type across various variables (e.g., 

perceived learning, satisfaction, extraneous cognitive load) emerged. This interaction was 

reflected in sequential presentation proving beneficial for graphic-based slides as it resulted in 

higher ratings of satisfaction and perceived learning and lower ratings of extraneous cognitive 

load. For text-based content, however, the sequential presentation of content had no added value 

compared to displaying all content at once. This interplay appears reasonable in light of the 

design of the materials. While the appearance of the content on text slides followed a fixed 

pattern (bullet points appearing stepwise from top to bottom), the content on the graphic slides 

in the videos appeared without a uniform structure. Hence, the stepwise fade-in may have 

supported learners’ orientation on the slides and thus reduced their extraneous processing (cf. 

signaling principle, van Gog, 2022). In contrast, Experiment 1b also varied whether graphic-

based and text-based content appeared with sequential or static presentation and revealed no 

corresponding findings. However, this experiment involved different learning materials with 

the graphic-based and text-based videos covering different topics.  

3.2. Theoretical Implications 

Some of the points mentioned above already indicated that the overall findings also have 

implications for the underlying theories. The findings presented largely support the image 

principle (Mayer, 2021). With regard to learning measures, the inclusion of the talking head 

had no added value at any point, and in some cases even had a small negative effect. Also 

following the argumentation of the image principle, the talking head as a low-embodied 

instructor distracted from the learning content on the level of process data measuring learners’ 

eye movements (Experiment 3).  
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With regard to support for the coherence principle (e.g., Mayer, 2021) applying to 

talking heads, only the small detrimental effect on learning in Experiment 2 can be mentioned. 

Beyond this, the findings provide little evidence in favour of excluding the talking head as an 

interesting but irrelevant element of the learning material. Although the talking head can be 

characterised as an interesting element in light of the strong visual distraction in Experiment 3, 

the visible instructor did not lead to an increase in extraneous cognitive load in any of the 

experiments. On the contrary, the internal meta-analysis demonstrated a decrease in learners’ 

self-reported extraneous cognitive load due to the talking head, which might reflect the fact that 

learners evaluated the talking head rather than the remaining learning materials. However, the 

learning materials next to the talking head showed a comparatively low level of element 

interactivity because they involved mainly facts, and the individual short videos were not linked 

to each other. It could be interesting for future research to investigate talking head effects next 

to learning materials with a higher complexity (and also higher element interactivity). It is 

possible that a talking head leads to learning losses next to such materials.  

In addition, the present experiments did not provide a clear answer with regard to the 

question of whether a talking head can be regarded as a seductive detail (Garner et al., 1989). 

While the eye tracking findings clearly suggest that the talking head is an interesting element 

for the learners, it still needs to be clarified whether a talking head is really an irrelevant feature, 

especially against the background of the high social presence ratings in Experiments 2 and 3. It 

is conceivable that, regardless of the visual learning materials, the mere fact that learners can 

see someone presenting the contents brings added value while listening because the talking 

head may help learners to keep attention on the spoken narration. This would require 

systematically testing content that was only covered by the spoken narration to determine 

whether learners remember this content better with a talking head. Further, it is also conceivable 

that certain elements of the talking head’s face (e.g., facial expressions, lip movements) may 

provide relevant information. This reasoning is supported by the findings of Võ et al. (2012), 

who observed that when looking at a face, individuals’ fixations shifted to the mouth when they 

heard an audio speech track. However, it should be considered that elements such as lip 

movements may be more or less relevant depending on a talking head’s size in the learning 

material, with very small talking heads not allowing learners to recognise these movements 

properly. 

In view of cognitive load findings, the experiments also provided no evidence for the 

split-attention principle (Ayres & Sweller, 2022), since the talking head had an overall reducing 

effect on extraneous cognitive load. Nevertheless, as for the coherence principle (e.g., Mayer, 
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2021), the small learning-impeding effect from Experiment 2 may serve as indication for a split-

attention effect. Similarly, the eye tracking findings from Experiment 3, namely that learners 

fixated overall learning content for a shorter time and newly appearing content for a shorter 

time, less frequently, and more slowly, support the idea that learners split their attention due to 

the presence of a talking head. However, it may be discussed whether the classic split-attention 

principle applies to talking heads at all. It is unclear whether the talking head is considered a 

relevant source of information, since learners did not necessarily need to integrate the visual 

talking head information with the remaining learning materials. However, my eye tracking 

findings provided evidence that participants empirically split their attention, which may be even 

more harmful than classic split-attention in view of the rather limited information value of the 

talking head. Nonetheless, the findings of Experiment 3 offered only very limited evidence that 

the reduced attention to the learning content had any detrimental effect on learning. Overall, 

mediation analyses showed no indications for the fixation duration of the learning content 

contributing to explain talking head effects on learning measures (i.e., knowledge test and 

picture recognition task performance). Only a small (according to Cohen, 1988) positive 

correlation (r = .236) between the number of fixations of the newly appearing content and 

picture recognition task performance across conditions suggested that increased attention to the 

newly appearing learning content may be positively related to the recognition of visual content 

from the videos. 

The reported findings only partially supported the social agency theory (e.g., Mayer & 

DaPra, 2012). In two experiments (Experiments 2 and 3), strong positive effects of the talking 

head as social cue on social presence ratings were evident, in line with the social agency theory. 

In one investigation (Experiment 2), there were also indications of deeper processing (higher 

germane cognitive load) due to the talking head. However, there were no learning-promoting 

talking head effects at any point, not even in the experiment revealing higher social presence 

and higher germane cognitive load ratings due to the talking head (Experiment 2). On the 

contrary, I observed a rather small learning-hindering effect in the respective experiment. This 

picture appeared not only when considering the main effects of Experiment 2, but also in an 

exploratory mediation analysis, which showed that social presence ratings did not explain the 

talking head effect on learning outcomes. However, it is important to note that, according to the 

social agency theory (e.g., Mayer & DaPra, 2012), learning-enhancing effects should primarily 

concern transfer performance, which was not investigated in the reported experiments. This is 

because their focus was on determining whether the talking head impacts the extraction of 

factual information from the learning material. Nonetheless, the presented experiments 
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indicated that the processes postulated by the social agency theory (i.e., social cues → higher 

social presence → deeper processing → improved learning) cannot be considered to be 

automated processes. 

Since the studies did not show any learning-promoting effects of the visible talking 

head, which is characterised by a rather low embodiment, the findings are generally in line with 

the embodiment principle (e.g., Fiorella, 2022). At the same time, however, it is important to 

emphasise that the instructors’ embodiment was not systematically varied in any of the 

experiments, implying that systematic conclusions are not possible in this regard. 

The social-cue hypothesis (Colliot & Jamet, 2018), which assumes that social cues may 

also contribute to a better learning experience, was supported by the results of the internal meta-

analysis on satisfaction, which showed that the talking head enhanced learners' satisfaction. 

Further, particularly Experiment 2 provided support for this idea due to the positive talking 

head effects on various ratings (e.g., perceived learning). Aside from this, however, there were 

largely absent effects on various ratings in the remaining experiments, which is also supported 

by the internal meta-analysis showing no general talking head effect on perceived learning. This 

suggests that there may be boundary conditions or moderating factors (e.g., study setting) for 

talking head effects on learners’ affective reactions.  

In view of the internal meta-analysis across the experiments showing no talking head 

effects on learning outcomes, it is also conceivable that the effects postulated by the different 

theories cancelled each other out. Hence, the talking head’s potentially learning-inhibiting 

effect, proposed by the coherence (e.g., Mayer, 2021) and split-attention principles (Ayres & 

Sweller, 2022), may have been neutralised by the social processes postulated by the social 

agency theory (e.g., Mayer & DaPra, 2012). While a talking head is not considered to be of 

particular benefit according to the embodiment principle (e.g., Fiorella, 2022), the social agency 

theory refers to social cues in general and the high social presence ratings in Experiments 2 

and 3 at least indicated that social processes may be involved when using talking heads despite 

their low embodiment. However, it should be noted that the data at the meta-analyses level did 

not support the underlying processes postulated in each case. In particular, I observed no 

increased extraneous load through the violation of coherence or split-attention principle and no 

increased germane cognitive load due to a social cue.  

Beyond specific theories, the question arises as to what extent the heterogeneous 

findings on talking heads in my experiments and in research in general may be moderated not 

only by characteristics of the learning material (different types of instructors, different types of 
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learning materials), but also by learners’ characteristics. I already made the first attempt in this 

regard by trying to include learners’ individual gaze behaviour as an explanatory factor in 

Experiment 3. Although my findings did not provide evidence in this regard, research already 

revealed initial indications that the talking head might have different effects for different 

individuals. For instance, in the study by Kokoç et al. (2020), the learning-enhancing effect of 

a talking head was higher when learners’ sustained attention was high compared to when it was 

low. In light of this, it would be useful to increasingly include different individual prerequisites 

beyond prior knowledge (e.g., mind-wandering tendency, sustained attention, working memory 

capacity) in theories. This topic is also particularly relevant because technical progress offers 

more and more opportunities to adapt learning materials to different learners. 

3.3. Strengths 

This thesis and the individual experiments have numerous strengths, but also limitations, 

which I will examine in more detail in the following sections. First of all, it should be 

emphasised that the effects of talking heads were investigated in various experiments in 

different contexts (online experiments, laboratory experiments) using different designs 

(between- and within-variation). At this point, it is particularly important to emphasise that this 

thesis can draw on findings from both an online setting and a laboratory context. Due to the 

COVID-19 pandemic, online studies were the method of choice, with the online setting being 

characterised by high ecological validity in relation to the research objective (i.e., educational 

online videos). Nonetheless, the addition of laboratory data in Experiment 3 constitutes a 

particular strength, especially as the use of process data systematically expanded findings of 

Experiments 1a, 1b, and 2, and allowed conclusions about learners' attentional processes. In 

addition, data from a laboratory context is characterised by a higher internal validity and the 

laboratory context allowed more control over whether the learners were watching the videos as 

intended. Although I also tried to achieve maximum control in the online context by using 

targeted control questions, the laboratory environment offers a higher level of control and 

therefore a better data quality. 

Further, the experiments addressed different potential influencing factors (slide type, 

presentation type, learners’ eye movements) and also covered a wide range of different 

dependent variables. These included learning outcomes with knowledge acquisition (measured 

via multiple choice and free recall) and picture recognition, process data (fixation duration, 

number of fixations, time to first fixation), measures of cognitive load, various subjective rating 

measures, and a selection task. This systematically expanded the existing talking head research 
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at various points, for instance by addressing the fixation duration of the content as potential 

explanatory mechanism for learning outcomes.  

A further strength of this thesis certainly lies in the strong experimental design in the 

individual studies. Most importantly, the applied designs provided the opportunity to 

systematically investigate the effects of a talking head and other design features (e.g., sequential 

presentation) across different topics. In many studies on instructor presence in general (e.g., 

van Wermeskerken et al., 2018) and talking heads in particular (e.g., Kizilcec et al., 2014), the 

studies only examined single videos on single topics, so that the findings can be generalised to 

different topics only to a limited extent. Hence, the different video topics from different subject 

areas in my experiments were intended to increase the generalisability of the findings with 

regard to this aspect. At the same time, systematic manipulation and balancing prevented a 

confound between topics and condition. Nonetheless, the strong experimental design also 

entailed potential disadvantages, which I will address separately in the next sections. 

3.4. Limitations and Directions for Future Research 

When interpreting the findings, some limitations must also be taken into account, which 

also give rise to questions for future research. With regard to the learning measures recorded, it 

should be noted that none of the experiments recorded higher order learning outcomes such as 

transfer. It would have been particularly interesting to record transfer learning against the 

background of the social agency theory (e.g., Mayer & DaPra, 2012), since the social agency 

theory postulates deeper processing and higher transfer learning triggered by social cues and 

social presence. However, the approach of this thesis was to identify potential boundary 

conditions and disadvantages of talking heads, which were hardly shown in previous research 

despite the strong influence on visual attention (i.e., distraction from visual learning content). 

A distracting effect of the talking head on a visual level (e.g., by missing certain content or 

details) should already be evident when extracting facts from the learning materials 

(i.e., information selection). Although this may have implications for higher order learning, 

since missed information cannot be further processed, recording higher order learning measures 

was beyond the scope of this research. One challenge for future research consists in finding a 

way to ensure that the talking head does not interfere with the extraction of information, but 

promotes transfer learning. 

Another reason for the restriction to the recording of retention and to the use of materials 

with rather low element interactivity lies in the comparatively highly controlled study designs. 

The use of videos on four to eight different topics and the balancing of topics and (talking head) 
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conditions led to the fact that the individual independent videos were relatively short (1 to 5 

minutes). Consequently, it was difficult to capture transfer learning as the short video duration 

limited the ability to provide in-depth conceptual contents regarding the individual topics.  

In general, the video length might be considered as a potential limitation resulting from 

methodological choices. The individual videos in Experiments 1a and 1b lasted between 2.5 

and 5 minutes, and in Experiments 2 and 3 each video lasted around 1 minute. This implies that 

the findings cannot be automatically generalised to longer videos (e.g., lecture videos that last 

1.5 hours). However, it should be noted that the use of shorter videos is not necessarily 

ecologically invalid. On the contrary, some research suggested that an educational video should 

ideally last no longer than 6 minutes (Guo et al., 2014). Further, the decision to use short videos 

is based on the fact that this allows the examination of videos on different topics with a 

reasonable study duration (including eye tracking). In addition, the use of several short videos 

enables more measurements, which is reflected in higher power and higher reliability. 

Nonetheless, it is the task of future research to test whether the video duration could serve as a 

potential moderator for talking head effects. Hence, it might be interesting to look at talking 

head effects in different sequences of longer videos. On the one hand, it would be conceivable 

that talking head effects decrease with increasing video duration (i.e., habituation effect). On 

the other hand, in light of the findings of Guo et al. (2014) described above, it is also conceivable 

that beneficial talking head effects may only come into play with increasing video duration. It 

is conceivable that a talking head only develops added value, for instance in terms of 

motivation, once a video has reached a certain length (e.g., 6 minutes, Guo et al., 2014). 

In terms of the recorded learning outcomes, it should also be noted that the experiments 

only captured short-term retention directly after the learning phase and not medium- or long-

term retention. Investigating talking head effects on medium- and long-term retention 

represents a potential perspective for future research. In this context, it would also be interesting 

to explore whether a talking head might even have added value if it is visible for learners when 

they retrieve information, in the sense of a retrieval cue. For instance, a previous study on 

seductive details (Schneider et al., 2020) showed that participants performed better in a 

knowledge test when decorative pictures from the learning material were also visible as a 

retrieval cue in the testing phase.  

In addition, many variables in the experiments, including cognitive load, were recorded 

using self-report measures. Although this is certainly a reasonable approach for numerous rating 

aspects in order to determine how learners like different videos, further measures would be 
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desirable, especially for recording cognitive load. For instance, it would be interesting for future 

research to use new scales (e.g., Krieglstein et al., 2023) or pupil dilation (e.g., Lee et al., 2020; 

Rosch & Vogel-Walcutt, 2013) as measures of cognitive load. However, when utilising pupil 

dilation, it is important to consider that the talking head might change the brightness of the 

image, and this should be taken into account when designing the materials. Further, it is 

important to note that pupil dilation may not allow conclusions on different types of cognitive 

load. Hence, as with other eye tracking metrics, combining pupil dilation with additional 

measures (e.g. self-reports) can be useful.  

Similarly, the learners also self-assessed their prior knowledge in order to rule out 

systematic pre-existing differences between conditions. However, this self-report may not 

necessarily always correspond to their actual (prior) knowledge (e.g., Kardas and O'Brien, 

2018; Toftness et al., 2018). However, I decided against assessing learners’ prior knowledge 

with a knowledge test to avoid drawing the learners’ attention to important learning content in 

advance (cf. Pan & Carpenter, 2023). In addition, I tried to minimise the role of prior knowledge 

as much as possible in all experiments by using video topics for which most people presumably 

had little or no prior knowledge (e.g., Burkina Faso), which is also supported by the low prior 

knowledge scores in all experiments. In addition, it should be noted that, in contrast to cognitive 

load and social presence, certain variables (satisfaction, perceived learning) were only recorded 

with one item each, entailing the problem that these one-item measures do not allow the 

calculation of reliability measures. 

Further, a talking head’s  characteristics (e.g., age, gender, attractiveness, voice, 

similarity to learners, personal familiarity) could impact different results. In terms of 

familiarity, I controlled for this in all experiments by excluding all participants who stated that 

they knew the talking head. I also kept the talking head constant within experiments to avoid 

systematic confounds. However, it should be noted that the talking head was not constant across 

all experiments, but only in Experiments 1a and 1b as well as in Experiments 2 and 3. Therefore, 

it cannot be ruled out that different talking heads (same age, different gender) also contributed 

to explaining potential differences between Experiments 1a and 1b on the one hand and 

Experiments 2 and 3 on the other hand. However, research by Hoogerheide et al. (2018) and 

Schrader et al. (2021) revealed that the instructor’s gender had no effect on learning outcomes. 

However, it should be noted at this point that it was beyond the scope of this work to examine 

various talking head characteristics systemically. One reason for this is that instructors who 

produce educational videos themselves or have to decide whether to show themselves in 
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lectures are not able to change the majority of these parameters and I aimed to focus on aspects 

that can be controlled by the instructors. 

With regard to learning materials that appeared next to the talking head, I consistently 

used videos with narrated slides (i.e., PowerPoint slides). This in turn implies that the results 

cannot simply be generalised to all types of videos. However, it is important to note that 

educational videos and online lectures including a talking head mostly use slides or similar 

presentations (e.g., Polat, 2023). Further, many other educational videos also use content 

appearing step-by-step, for instance Studyflix (https://studyflix.de/). Nonetheless, with regard 

to the materials next to the talking head, it would also be interesting to examine more complex 

materials that build on each other rather than just presenting facts one after the other. It is 

conceivable that the distraction caused by the talking head may not have been very problematic 

in the materials examined here (including graphic-based materials). Distraction due to a talking 

head might be more detrimental with content containing information that builds on each other 

than with content presenting isolated facts. 

In addition, the use of both online and laboratory experiments made it possible to 

investigate whether talking head effects are equally evident in different contextual factors. 

However, I did not systematically vary these context factors within a single experiment, 

meaning that no causal conclusions can be drawn at this point and different findings between 

the experiments only suggest that the setting could be partly responsible, because the 

experiments varied regarding different features (e.g., sample, use of eye tracking). Nonetheless, 

contextual factors of online and laboratory experiments are difficult to manipulate, or only in a 

very isolated way.  

Although the online experiments described are characterised by a comparatively high 

ecological validity, watching educational videos in the context of an online study does not 

equate to online learning, for instance in MOOCs or on YouTube. In such cases, the analysis 

of log data could serve to provide even better insights into learners’ natural usage behaviour 

compared to experiments, which was already successfully realised in other contexts (e.g., 

Anders et al., 2024; Merkt et al., 2022). However, such learning analytics also pose certain 

challenges due to the lack of control, for example with regard to the possible missing content 

equivalence resulting from different usage patterns. Nonetheless, usage data might be employed 

to determine, for example, whether learners tend to continue watching videos with a talking 

head rather than videos without a talking head (cf. Guo et al., 2014).  
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3.5. Practical Implications  

Overall, talking heads had no general effect on learning, despite of a small detrimental 

effect on learning in a less formalised environment, independent of other video characteristics 

in Experiment 2. In addition, the talking head enhanced learners’ satisfaction and decreased 

their self-reported extraneous cognitive load, but did not affect other ratings (i.e., social 

presence, perceived learning, germane cognitive load). At no point did the talking head have a 

negative effect on the subjective ratings of the materials. Hence, in light of the overall meta-

analyses, there is no reason not to include a talking head in an educational video. Although the 

inclusion of a talking head did not increase learning outcomes based on the present findings, it 

can improve the learners’ learning experience and reduce their self-reported extraneous 

cognitive load. If, for instance, lecturers wish to improve their learners' satisfaction, it may be 

advisable to switch their camera on rather than off. 

However, the findings from Experiment 2 suggested that learning measures may have 

different outcomes than learners’ ratings, in that the talking head led to poorer learning 

outcomes, but to higher satisfaction and perceived learning ratings and learners’ preference in 

a selection task. Consequently, design features that contribute to popularity are not necessarily 

beneficial for learning, which can prove problematic, especially in informal learning contexts. 

In this context, not liking a video may lead to a systematic dropout, which manifests itself in 

learners not watching or continuing to watch unpopular videos in real free choice learning 

scenarios, even though they may be designed to be beneficial for learning. Accordingly, in a 

study by Wilson et al. (2018, Experiment 3), learners indicated a lower likelihood of dropping 

a course and a higher likelihood of completing a lecture with a present instructor. That is of 

particular interest because in the same set of experiments, Wilson et al. (2018) observed that 

lectures with a visible instructor resulted in worse learning outcomes than the comparable 

lecture without an instructor. Hence, when deciding to include or exclude a talking head, 

practitioners may have to consider a trade-off between popularity and educational use in some 

cases. Further research is required to understand why and under what circumstances talking 

head effects can sometimes hinder learning, so that practitioners do not have to choose between 

educational use and popularity in the long term. 

In this respect, promising perspectives arise for research and practice in the distant 

future. Once broader evidence is available for favourable and unfavourable conditions of 

talking heads, the use of adaptive talking heads would be an interesting long-term prospect for 

research and practice. For instance, it would be conceivable to adaptively fade out a talking 
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head in educational videos as soon as learners look at the talking head for too long. In line with 

this, previous research by D'Mello et al. (2012) investigated a gaze-reactive tutoring system 

which monitored learners' eye movements in order to prevent them from drifting off. The 

resulting prompts from the instructor led learners to refocus on the learning content and 

improved their learning. Since previous research already demonstrated that increasing attention 

on a talking head is related to mind-wandering (Zhang et al., 2020), an adaptive fade-in and 

fade-out of a talking head depending on the learners’ eye movements in the sense of a gaze-

reactive educational video might reflect a beneficial perspective. 

3.6. Conclusion 

In summary, even though the talking head had a learning-hindering effect in one of four 

experiments, the internal meta-analysis provided no evidence for a general interference of the 

talking head with learning across all experiments. Although the talking head exhibited a 

potentially distracting effect at the level of process data measuring learners’ eye movements, 

this distraction did not translate into impaired learning outcomes. Nevertheless, when 

considering the level of learning outcomes, future research needs to continue identifying the 

exact conditions under which talking heads may have detrimental effects on learning in order 

to be able to specifically avoid these conditions in practice. 

However, when considering how learners evaluated the presence of a talking head, its 

inclusion contributed to the overall satisfaction of the learners and reduced their self-reported 

extraneous cognitive load. Additionally, the talking head did not negatively affect the learners’ 

subjective affective ratings in any of the experiments. Thus, on the level of learners’ ratings, 

lecturers should be recommended to switch on the camera in order to improve their students’ 

learning experience. Therefore, taking into account these different aspects, designers of 

educational videos need to consider their priorities when deciding in favour or against using a 

talking head in their educational videos. 
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A B S T R A C T   

Video-based learning plays an increasingly important role and thus the optimal design of video-based learning 
materials attracts the attention of scientists and practitioners alike. In this context, producers of educational 
videos often include a talking head in their videos, although theory (e.g., cognitive theory of multimedia 
learning) also suggests potential disadvantages for this format. Since talking heads attract a lot of visual 
attention, further empirical research is necessary to investigate whether a talking head can hinder learning, 
especially presented next to graphic-based learning content. To address this research gap, we conducted two 
online experiments to investigate the effects of a talking head in educational videos with narrated slides (short 
slideshow lectures) on learning outcomes (i.e., factual knowledge acquisition) and participants’ subjective rat-
ings of the learning material (e.g., perceived learning). In Experiment 1 (N = 96), we varied whether the in-
structor’s talking head was present or absent in the videos as a between-factor, and whether the visual content on 
the slides was graphic-based (pictures, diagrams, maps) or text-based (bullet points) as a within-factor (slide 
type). In Experiment 2 (N = 184), we additionally varied as a between-factor whether the contents appeared 
sequentially or statically all at once (presentation type). Our results showed that the talking head did not affect 
learning outcomes, regardless of slide type and presentation type of the videos suggesting that the inclusion of a 
talking head offers neither clear advantages nor disadvantages. Potential explanations for the findings and di-
rections for future research are discussed.   

1. Introduction 

1.1. Objective and rationale 

When designing learning videos for formal or informal educational 
contexts, the question arises whether or not to include a talking head in 
the videos. In this format, a video of a human instructor’s head - 
recorded lecturing into the camera (Hansch et al., 2015) without further 
didactic functions (e.g., gesturing, pointing, drawing) - is displayed next 
to the actual learning materials. If we try to answer this question based 
on theory, this format offers more potential disadvantages than advan-
tages, as a talking head provides few social cues and poses the risk of 
distraction. Previous research on instructor presence in general (Alem-
dag, 2022; Henderson & Schroeder, 2021) and their didactic functions 
(e.g., Beege et al., 2020; Fiorella et al., 2019; Ouwehand et al., 2015; Pi 
et al., 2017; Stull et al., 2021) has already provided many insightful 
findings. However, broad evidence on the effects of a human talking 
head as well as a systematic investigation of potential boundary 

conditions is still lacking, although this format is frequently used (e.g., in 
online lectures). Nevertheless, there is a particular need for research on 
this format, because the talking head attracts a lot of visual attention 
(Kizilcec et al., 2014) and can thus be potentially distracting, while at 
the same time its positive effects may be limited because a talking head 
is characterised by a low level of embodiment (Mayer, 2021). Therefore, 
the question arises whether there are boundary conditions for the use of 
a talking head, i.e., whether the talking head has detrimental effects 
with materials that themselves require a lot of visual attention. 

For our investigation, we vary whether a talking head is visible in 
one corner of the videos next to the learning materials (i.e., short 
narrated slideshows). By additionally varying the slide type of the 
learning videos, we aim to investigate whether the talking head has 
different effects with information which is only displayed visually (in 
our experiments operationalised with graphic slides) than with infor-
mation which is also included in the narration (in our experiments 
operationalised with text slides). 
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1.2. Theoretical background 

Concerning the theoretical foundations about the effects of talking 
heads in educational videos, different approaches have to be taken into 
account. First, the social agency theory (SAT, Mayer, 2014) highlights 
the significant role of social cues in multimedia learning, given that they 
may activate social responses which in turn motivate learners to engage 
in more active processing (i.e., enhanced germane cognitive load) and 
result in enhanced transfer learning performance (also see Cognitive- 
Affective-Social Theory of Learning in digital Environments, Schneider 
et al., 2022). In the framework of SAT, the social response is considered 
an important component which is accompanied by a feeling of social 
presence (Mayer, 2014). Social presence is defined as the “degree of 
salience of the other person in the interaction” (Short et al., 1976, p. 65). 
Further, the embodiment principle of the cognitive theory of multimedia 
learning (CTML, Mayer, 2021) states that an on-screen instructor’s 
impact on learning is determined by the level of embodiment, e.g., the 
extent to which the instructor provides human-like gestures or body 
movements. In this regard, the embodiment principle distinguishes be-
tween high and low embodiment, predicting learning-enhancing effects 
for instructors with a high level of embodiment. In contrast, a talking 
head who does not show any gestures or body movements is charac-
terised by a low level of embodiment. Hence, the beneficial effects of 
instructor presence as postulated by the SAT should only apply to a 
limited extent or not at all to this format. Correspondingly, the image 
principle of multimedia learning (Mayer, 2021) stresses that learners do 
not learn better when the instructor’s static image is presented on the 
screen. 

Second, according to cognitive load theory (CLT, Sweller, 1999; 
Sweller et al., 2011) and CTML (Mayer, 2021), the working memory 
capacity is limited (Baddeley, 1992). The CLT distinguishes between 
three different types of cognitive load, with intrinsic load resulting from 
the difficulty of the task, whereas extraneous load stems from the 
instructional design of the learning material (Klepsch et al., 2017; 
Sweller et al., 1998). This extraneous load should be reduced in order to 
preserve the remaining capacity for active cognitive processing, which is 
relevant for learning and is referred to as the germane cognitive load 
(Sweller et al., 1998). Based on this, the coherence principle of multi-
media learning suggests that “people learn more deeply from a multi-
media message, when extraneous material is excluded rather than 
included” (Mayer & Fiorella, 2014, p. 279). Thus, when a design 
element such as the talking head does not contribute to the learning task, 
it should be excluded in order to reduce learners’ extraneous cognitive 
load. 

Further, a talking head can lead to visual competition between the 
instructor’s face and the learning content in the videos resulting in split 
attention (Wang & Antonenko, 2017). Due to the need of mentally 
integrating the multiple sources of information, split attention leads to 
increased extraneous cognitive load (Ayres & Sweller, 2014). Hence, the 
split-attention principle suggests to “avoid materials that require 
learners to split their attention” (Ayres & Sweller, 2014, p. 206). When a 
substantial part of relevant information in the educational video is 
delivered by the visual content (e.g., graphics, diagrams, maps), a 
talking head might distract learners from this relevant content and thus 
hinder learning. 

Taken together, in the light of the reported theoretical background, 
research on talking heads is highly relevant, since the potential advan-
tages of instructor presence only play a very limited role in this format 
due to its low embodiment, while at the same time its potential disad-
vantages (e.g., split attention, distraction, cognitive overload) should 
come into play (e.g., Mayer, 2021). Against the background of theory (e. 
g., split-attention principle), detrimental effects of a talking head on 
learning are therefore conceivable, especially with graphic-based 
learning content. 

1.3. Literature review 

Since research on the effects of talking heads in educational videos is 
still rather limited (Kizilcec et al., 2014; Kizilcec et al., 2015; Kokoç 
et al., 2020; Ng & Przybylek, 2021; Rosenthal & Walker, 2020; Yuan 
et al., 2021), we present the research on human instructor presence in 
learning videos in general. Hence, we also illuminate the findings in 
light of the instructor’s respective level of embodiment, whenever this 
information was available from the particular studies. In the context of 
instructor presence, research on video modeling examples (VME) also 
provides many insightful findings, as they involve videos in which a 
model demonstrates and/or explains a solution procedure (van Gog & 
Rummel, 2010; van Gog et al., 2014). Many studies on VME investigate 
how existing models should ideally be presented or what they should do 
to improve learning (e.g., model-observer similarity, Hoogerheide et al., 
2018; level of embodiment, Fiorella & Mayer, 2016; van Gog et al., 
2014; gaze cues, Ouwehand et al., 2015). Whereas these studies offer 
important insights into the design of VME, our experiments focus on 
whether it is useful to include an instructor at all if no pedagogically 
compelling reasons arise from the requirements of the materials (e.g., 
demonstrating a manual procedure). Therefore, we focus our literature 
review on studies on VME that also examine an absent instructor con-
dition (Fiorella et al., 2019; Hoogerheide et al. 2014; van Wermeskerken 
et al., 2018). 

1.3.1. Learning outcomes 
In line with SAT, when onscreen instructors display a high level of 

embodiment, they tend to aid learning (e.g., Yu, 2021); for instance, 
regarding recall performance for easy videos (Wang & Antonenko, 
2017), transfer performance (Wang, Antonenko, Keil, & Dawson, 2020), 
or the retention of spoken explanations (Colliot & Jamet, 2018). 
Consistent with the embodiment principle (Mayer, 2021), learners in the 
respective studies could see the instructors’ whole upper body and 
gestures. 

In contrast, some studies report no learning differences between 
conditions with and without an instructor neither for retention nor for 
transfer knowledge (Fiorella et al., 2019; Homer et al., 2008; Hoo-
gerheide et al., 2014; Moreno et al., 2001; Ng & Przybylek, 2021; van 
Wermeskerken et al., 2018), and neither for immediate nor for delayed 
recall (Kizilcec et al., 2014). The instructors’ embodiment in these 
studies was in some cases rather high (van Wermeskerken et al., 2018), 
and in some cases rather low due to the use of a talking head (Kizilcec 
et al., 2014; Ng & Przybylek, 2021; Rosenthal & Walker, 2020). 

In line with CLT and CTML, when onscreen instructors display a low 
level of embodiment, they do not offer much improvement in learning 
(Kizilcec et al., 2014; Ng & Przybylek, 2021; Rosenthal & Walker, 2020; 
but see Kokoç et al., 2020). Two studies even suggest learning-impeding 
effects of visible instructors (Wilson et al., 2018, Experiment 5) and 
talking heads in particular (Yuan et al., 2021), with additional condi-
tions including a face-beautified instructor and a virtual instructor also 
leading to learning losses in the latter study. Fittingly, in previous 
studies using eye-tracking (Colliot & Jamet, 2018; Pi & Hong, 2016; 
Stull et al., 2018, 2021; van Wermeskerken et al., 2018; Wang, Anto-
nenko, & Dawson, 2020; Wang & Antonenko, 2017), the instructors 
attracted a considerable amount of visual attention, also including in-
structors with a low level of embodiment, i.e. talking heads (Kizilcec 
et al., 2014). This also resulted in less attention being paid to the 
learning content (Colliot & Jamet, 2018; van Wermeskerken et al., 2018; 
Wang, Antonenko, & Dawson, 2020). Accordingly, Wilson et al. (2018) 
argue that distraction by an instructor may be more harmful with visual 
video content than with content which is covered by narration, without 
testing this explanation. 

1.3.2. Subjective ratings 
In addition to objective learning outcomes, learners’ subjective rat-

ings of the learning materials are also of central importance, especially 
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in non-supervised learning, because learners’ subjective experience of 
learning may contribute to the decision to watch or continue watching 
certain videos (Guo et al., 2014). Additionally, since ratings of perceived 
learning do not always correspond to those of actual learning (e.g., 
Toftness et al., 2018), some empirical studies also consider this subjec-
tive measure of learning. For example, prior research showed that both 
talking heads examined in an observational field study (Kizilcec et al., 
2015) and visible instructors providing gestures (Wang & Antonenko, 
2017) enhanced learners’ ratings of perceived learning compared to 
videos without instructor (Wilson et al., 2018). 

Since SAT particularly emphasises social processes by assuming that 
social cues can result in social responses and learning-enhancing effects 
(Mayer, 2014), some studies also examined effects of instructor presence 
on perceived social presence (Colliot & Jamet, 2018; Homer et al., 
2008), with two studies also investigating talking heads (Ng & Przyby-
lek, 2021; Yuan et al., 2021). Although the instructor was characterized 
by a comparatively high level of embodiment in at least one of the 
studies (Colliot & Jamet, 2018), these studies did not show any effects of 
the instructor on social presence ratings. 

While CLT and CTML (cf. coherence principle, split-attention prin-
ciple) would suggest an increase in extraneous cognitive load due to 
instructor presence, only a few studies revealed that a visible instructor 
enhanced different indicators of cognitive load (Homer et al., 2008; 
Hong et al., 2018). Other studies showed no effects of instructor pres-
ence on extraneous cognitive load or mental effort, examining both a 
talking head (Ng & Przybylek, 2021) and an instructor with visible 
upper body and gestures (Colliot & Jamet, 2018). In contrast, Wang, 
Antonenko, Keil, and Dawson (2020) even found lower extraneous and 
intrinsic cognitive load ratings when an instructor showing gestures was 
present. 

1.3.3. Overview of talking head effects 
Taken together, with respect to subjective ratings, talking heads had 

positive effects on learners’ perceived learning (Kizilcec et al., 2015), 
whereas they did not affect ratings of social presence (Ng & Przybylek, 
2021, Yuan et al., 2021) and cognitive load (Ng & Przybylek, 2021). In 
terms of learning outcomes, consistent with the embodiment principle 
(Mayer, 2021), learning-enhancing effects of an instructor mostly 
occurred when the instructor showed a high level of embodiment, while 
instructors with a low level of embodiment such as talking heads often 
had no effect on learning (Kizilcec et al., 2014; Ng & Przybylek, 2021; 
Rosenthal & Walker, 2020; but see Kokoç et al., 2020). One study 
examining a Chinese sample even suggests that a talking head may 
hinder learning (Yuan et al., 2021). Despite their low level of embodi-
ment, talking heads also attracted a lot of visual attention (Kizilcec et al., 
2014). However, since previous research did not systematically vary the 
nature of the slide contents next to the instructor, precise information on 
how the contents were visually presented (i.e., whether they were 
graphic-based or text-based), is often missing. Hence, the question 
remained open whether talking heads could be detrimental to learning 
when presented next to graphic-based content that is not covered by the 
spoken narration making it worthwhile to systematically vary the con-
tent presented next to the talking head. 

1.4. The present research 

In summary, theory mainly suggests potential disadvantages 
(distraction, split attention) for the talking head format (low embodi-
ment), even though this is not consistently evident in previous research. 
However, since talking heads attract a lot of visual attention (Kizilcec 
et al., 2014), they might be detrimental to learning, especially with 
graphic-based content (cf. Wilson et al., 2018). In this regard, the 
findings of Colliot and Jamet (2018) indicate that instructor presence 
should be less disturbing for information that is also presented in spoken 
narration than for information that is only presented visually. Therefore, 
extending research suggesting that the effects of instructor presence may 

be moderated by the features of the learning materials (e.g., Hong et al., 
2018; Wang & Antonenko, 2017), we systematically vary the slide type 
of the videos with narrated slides (graphic vs. text) as a potential 
boundary condition. In doing so, we manipulate whether the relevant 
content appears only visually (i.e., graphic slides containing pictures, 
diagrams, maps) or appears visually but is also covered by the narration 
(i.e., text slides containing bullet points). 

2. Experiment 1 

2.1. Hypotheses 

Based on theory and previous research outlined above, we prereg-
istered hypotheses and corresponding analyses on Open Science 
Framework (OSF, https://osf.io/vcgp5). First, Experiment 1 addressed 
whether the slide type in the videos moderates the talking head effects 
on learning. In this regard, we expected an interaction of slide type and 
talking head (Hypothesis 1). Since the talking head attracted a lot of 
visual attention in prior research, its presence might have a detrimental 
effect on learning outcomes (i.e., acquisition of factual knowledge) for 
videos with graphic slides, where the visual content is relevant for 
learning. For videos with text slides, where the relevant content is also 
covered by the narration, we expected no effects of the talking head on 
learning outcomes. 

Second, based on prior research (e.g., Kizilcec et al., 2015), we ex-
pected perceived learning to be higher for videos with talking head than 
for those without (Hypothesis 2). 

In order to identify explanatory mechanisms for potential effects of 
the talking head on objective learning outcomes, we recorded ratings on 
social presence and cognitive load (i.e., intrinsic, germane, and extra-
neous cognitive load) based on theory (CLT, CTML, SAT). We did not 
derive hypotheses for these variables due to inconsistent or missing 
empirical findings, but instead preregistered exploratory analyses. 

2.2. Method 

2.2.1. Participants 
Since previous research reports heterogeneous findings, we decided 

to conduct an a priori power analysis to determine a reasonably large 
sample size which would allow us to reliably detect medium (Cohen, 
1988) desirable (Hattie, 2008) effect sizes with justifiable resources. We 
conducted the power analysis with G*Power 3.1.9.4 (Faul et al., 2007) 
which suggested to collect at least N = 90 participants (α = 0.05, 1-β =
0.80, d = 0.6) to find medium effects. To achieve equal balancing, we 
preregistered to fill up the respective groups to the size of the largest 
group in case randomisation would result in an unequal distribution of 
participants across groups. A total of N = 104 German-speaking par-
ticipants recruited via the online platform Prolific completed the online 
experiment. Based on preregistered exclusion criteria, we excluded eight 
participants because they had not seen all videos (n = 1), they took notes 
on the videos (n = 5), their videos had been interrupted (n = 1), or they 
did not provide any information on their native language (n = 1). This 
resulted in a final sample size of N = 96 (26 female, Mage = 29.01 years, 
SDage = 8.64). 

2.2.2. Learning materials 
The learning materials consisted of six videos with narrated slides 

providing factual information about six different topics in German lan-
guage. Three videos contained only graphic slides, three videos only text 
slides. In total, all graphic-based videos together lasted 11 min and 50 s 
(varying between 143 and 314 s), all text-based videos 11 min and 15 s 
(varying between 159 and 304 s). For both graphic- and text-based 
videos, one slideshow consisted of 6 slides, one of 7 slides, and one of 
9 slides. We chose video topics for which we assumed that participants 
had little or no prior knowledge: The three graphic-based videos dealt 
with the archipelago of South Georgia and the South Sandwich Islands 
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(e.g., geography, location), the art epochs between 1400 and 1900 (e.g., 
artists and works), and the Triangular Model as a statistical represen-
tation (e.g., use, structure, advantages, and disadvantages). Contents of 
the graphic slides were presented sequentially according to the narra-
tion and were partially highlighted by temporary framing them. In 
graphic-based videos, the narration referred to the graphic contents, but 
the visual contents were not identical and rather complementary to the 
narration containing information which did not appear in the narration. 

The three text-based videos provided information about the African 
country Burkina Faso (e.g., location, neighbouring countries, in-
habitants), the biography of Rudolf Höß (e.g., childhood, career, death), 
and the songbird blackcap (e.g., appearance, distribution, diet). Within 
the text slides, the contents appeared in bullet points as soon as the 
narration referred to them. Thus, there was a large overlap between the 
narration and the written bullet points allowing learners to obtain all 
relevant information also by listening to the audio narration. 

In the talking head condition, a video of the instructor’s talking head 
was visible in either the lower left or right corner (balanced) of the video 
and did not overlap with the learning content on the slides. The 
instructor showed no gestures and simply spoke into the camera repre-
senting a low level of embodiment (see Fig. 1). Learners in all conditions 
heard the same narration. 

2.2.3. Measures 

2.2.3.1. Prior knowledge. Learners indicated their prior knowledge 
about the six learning contents on 7-point Likert scales ranging from 1 
(no prior knowledge) to 7 (a lot of prior knowledge) with one question per 
topic (e.g., “How much do you know about the African country Burkina 
Faso?”, all questions translated for the manuscript). Each participant’s 
ratings were averaged to prior knowledge scores for graphic- and text- 
based topics. Cronbach’s alpha was α = 0.60 for graphic-based topics 
and α = 0.61 for text-based topics. 

2.2.3.2. Knowledge test / learning outcomes. After participants watched 
all videos, we assessed their learning outcomes using a self-designed 
knowledge test consisting of 8 multiple-choice recall questions per 
topic (i.e., 48 questions) that referred to facts explicitly taught in the 
videos. We decided to capture factual knowledge, because learners are 
most likely to miss facts if they are distracted by the talking head. Each 
question consisted of four alternative answers (from which one was 
correct) and a no-answer option. For graphic-based topics, some ques-
tions included pictures as question or answer options. The time limit for 
each question was 60 s. We assigned one point for each correctly 
answered question, so that participants could achieve a maximum of 24 
points for graphic-based videos and 24 for text-based videos. Cronbach’s 
alpha was α = 0.73 for the graphic-based topics and α = 0.62 for the text- 
based topics. 

2.2.3.3. Ratings of the learning material 
2.2.3.3.1. Perceived learning. We assessed perceived learning both 

directly after each video and as an overall rating after the entire learning 
phase. Since both ratings resulted in the same interpretation, we only 
report data and analyses on the video-specific rating in the Results 
sections. Learners rated their perceived learning (“How much have you 
learned from the video(s)?”), adapted from Kizilcec et al. (2015) and 
Wang and Antonenko (2017) on a 7-point Likert scale from 1 (nothing at 
all) to 7 (a lot). Mean scores were calculated for videos with graphic (α =
0.52) and text slides (α = 0.80). 

2.2.3.3.2. Social presence. The perceived social presence was 
assessed with three adapted items on a 7-point Likert scale from 1 
(strongly disagree) to 7 (strongly agree). Two items (“I felt that the 
instructor was present”, “I felt like the instructor was in the same room 
as me”) were taken from a questionnaire used by Kizilcec et al. (2015). 
The third (“I felt like the instructor addressed me personally”) was one 

item from the PSI process scales (Schramm & Hartmann, 2008) already 
applied by Beege et al. (2017). For each participant, ratings for the three 
items were averaged to an overall social presence score. Cronbach’s 
alpha was α = 0.87. 

2.2.3.4. Cognitive load 
2.2.3.4.1. Intrinsic, germane, and extraneous cognitive load. To 

assess cognitive load, we used the scale of Klepsch et al. (2017). Learners 
had to answer eight items on 7-point Likert scales from 1 (absolutely 
wrong) to 7 (absolutely right). Two items addressed intrinsic cognitive 
load and three items each addressed germane and extraneous cognitive 
load. Reliabilities were ρ =.741 for intrinsic, α = 0.65 for germane, and α 
= 0.80 for extraneous cognitive load. 

2.2.4. Design 
The experiment followed a 2x2-factorial design including the 

between-subjects factor talking head (present vs. absent) and the within- 
subjects factor slide type (videos consisting of graphic vs. text slides). 
Thus, whereas participants were randomly assigned to one of the two 
talking head conditions, each participant watched three videos with 
graphic and three videos with text slides. In the talking head condition, 
we balanced whether the talking head appeared in the lower right or left 
corner. 

2.2.5. Procedure 
The online experiment was conducted with LimeSurvey. Throughout 

the experiment, we collected different variables, which are not pre-
sented in this manuscript due to space limitations. For completeness, we 
mention these variables when describing the procedure. All relevant 
information and results for these variables can be found on OSF (htt 
ps://osf.io/xug9c/?view_only=7b149959778c40c3b9fe51fb988f823f). 
After giving informed consent, participants indicated their prior 
knowledge and their interest about the contents of the educational 
videos. After ensuring that audio and video worked properly, all par-
ticipants watched the six videos in the same fixed order, alternating 
between text- and graphic-based contents. The videos started automat-
ically and did not allow for user interactions. After each video, we 
assessed invested mental effort, perceived difficulty, and perceived 
learning. After watching all the videos, learners gave a detailed assess-
ment of cognitive load. Subsequently, they had to rate the learning 
materials (i.e., perceived learning, satisfaction, professionalism, joy of 
learning, and social presence). Due to time constraints, we did not re-
cord all of these items (e.g., eight items in the cognitive load scale) after 
each of the six videos because our design allows us to draw conclusions 
about talking head effects (between-subjects factor) using the mea-
surement across different videos; whereas the assessment of some of the 
items after each video (e.g., perceived learning) allows for analyses 
regarding the interplay of talking heads and slide type (within-subjects 
factor). Further, we recorded learners’ verbal-visual learning style rating 
(Mayer & Massa, 2003), which explicitly asks for participants’ learning 
preference2. This was followed by the knowledge test. Further, partici-
pants answered demographic questions and control questions designed 
to exclude participants based on preregistered exclusion criteria (e.g., 
use of a search engine, problems with video playback). Finally, partic-
ipants were debriefed. The procedure was approved by the local ethics 
committee. 

1 For scales with only two items, we used the Spearman-Brown coefficient (ρ) 
instead of Cronbach’s alpha, because the former is more appropriate for 
determining reliability of two items (Eisinga et al., 2013).  

2 We included this measure because some studies suggested an interplay 
between instructor presence and learning preference (Homer et al., 2008; 
Kizilcec et al., 2015). Therefore, we intended to rule out prior differences 
among our between-subjects conditions, which we were able to do (see Online 
Appendix). 
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Fig. 1. Screenshots of text-based (Rows 1 to 3) and graphic- 
based (Rows 4 to 6) videos of Experiment 1 with talking head 
(left) and without talking head (right). Picture credits: All 
pictures except the pictures in Rows 4 and 6 were self- 
generated. Row 4: TUBS, South Georgia and the South 
Sandwich Islands in its region. This graphic contains ele-
ments which have been taken or were adapted from the 
following graphic (CC BY-SA 3.0): via https://commons.wiki 
media.org/w/index.php?curid = 15431607, Row 6: Lucas 
Cranach the Elder, Adam and Eve-Paradise (Public domain): 
via https://commons.wikimedia.org/wiki/File:Lucas_Crana 
ch_(I)_-_Adam_and_Eve-Paradise_-_Kunsthistorisches_M 
useum.jpg.   
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2.2.6. Analytical strategy 
Regarding the dependent variables learning outcomes and perceived 

learning, we applied 2x2-factorial ANOVAs with the independent vari-
ables talking head (between) and slide type (within). For completeness, 
potential main effects of slide type are reported in the Results section, 
but not interpreted due to different video contents (see Section 4.3). For 
social presence and cognitive load, we applied one-way ANOVAs with 
talking head as between-subjects factor because these general ratings 
after the learning phase did not allow for a differentiation between 
graphic-based and text-based videos. Scripts and data can be down-
loaded at OSF (https://osf.io/xug9c/?view_only=7b149959778c40c3b 
9fe51fb988f823f). 

2.3. Results and discussion 

Descriptive data on the key measures (learning outcomes, perceived 
learning, social presence, and cognitive load) can be found in Table 1. In 
the following, we report results concerning these main research ques-
tions. Descriptive data for further variables and analyses regarding these 
variables (e.g., perceived difficulty, satisfaction, and professionalism) 
can be found at OSF. 

2.3.1. Did the groups differ on individual prerequisites? 
We conducted analyses on individual prerequisites to ensure that 

participants did not differ in terms of age, gender, and self-reported prior 
knowledge on the covered topics. For age, the ANOVA revealed no pre- 
existing differences between conditions with and without talking head, F 
(1, 94) = 2.51, p =.117, ηp

2 = 0.026. Regarding gender, the chi-square 
test also indicated no differences between talking head conditions, 
χ2(1) = 1.90, p =.168, φ = 0.141. For prior knowledge, the ANOVA 
revealed a significant main effect of slide type with higher self-reported 
prior knowledge levels for the topics of the graphic-based videos (M =
1.46, SD = 0.61) compared to text-based videos (M = 1.30, SD = 0.49), F 
(1, 94) = 8.44, p =.005, ηp

2 = 0.082. There was no significant main effect 
of talking head and no significant interaction, both F < 1.28, both p 
>.262. 

2.3.2. Preregistered analyses 

2.3.2.1. Did the talking head negatively affect learning outcomes for 
graphic-based materials?. Contrary to Hypothesis 1, we found no inter-
action Talking Head × Slide Type, F < 1. Further, there was no main 
effect of talking head, F < 1, but a main effect of slide type, F(1, 94) =
5.65, p =.019, ηp

2 = 0.057, with higher scores for text-based videos (M =
14.84, SD = 3.59) than for graphic-based videos (M = 13.84, SD = 4.14). 
Thus, regardless of slide type, the talking head had no effects on learning 
outcomes contrary to Hypothesis 1. The absence of a talking head effect 
on objective learning outcomes is in line with some previous studies 
(Homer et al., 2008; Kizilcec et al., 2014; van Wermeskerken et al., 
2018). However, the missing interaction with slide type contradicts 
Hypothesis 1 which we derived based on CTML and CLT as well as 

studies showing that instructors’ faces attract learners’ visual attention 
(Colliot & Jamet, 2018; Kizilcec et al., 2014). A potential reason for the 
missing interaction might lie in the design of our learning materials: The 
slides in our videos (both graphic and text slides) were animated so that 
the contents appeared sequentially, meaning that the bullet points in the 
text slides and the visual elements in the graphic slides appeared one by 
one. Since the onset of movements attracts attention (Abrams & Christ, 
2003), it is conceivable that this sequential presentation repeatedly 
directed learners’ attention away from the talking head back to the 
relevant contents on the slides (also see Moon & Ryu, 2021). This 
assumption would be in line with the signaling principle of multimedia 
learning (Mayer & Fiorella, 2014; van Gog, 2014), which states that 
visual cues that direct learners’ attention to relevant information can 
result in better learning. Accordingly, previous research showed that a 
step-by-step presentation of graphic-based contents can have a benefi-
cial effect on learning (Fiorella et al., 2019; Jamet et al., 2008). 

2.3.2.2. Did the talking head positively affect ratings of perceived 
learning?. For perceived learning, there was no main effect of talking 
head, F < 1. Further, the interaction Talking Head × Slide Type was not 
significant, F < 1. However, there was a main effect of slide type, F(1, 
94) = 15.78, p <.001, ηp

2 = 0.144. Values were higher for text-based 
videos (M = 4.04, SD = 1.23) than for graphic-based videos (M =
3.65, SD = 1.10). The missing effect of the talking head on perceived 
learning is not consistent with Hypothesis 2 and the findings of prior 
studies suggesting positive effects of instructors (including talking 
heads) on perceived learning (e.g., Kizilcec et al., 2015; Wang & Anto-
nenko, 2017). This could be explained by the fact that in studies 
observing positive effects, learners had a direct comparison between 
videos with and without instructor, for example by watching both videos 
with and without instructor, or by choosing between both formats. 

2.3.3. Exploratory analyses 
Regarding social presence (M = 2.60, SD = 1.41), there was no sig-

nificant effect of talking head, F < 1. This missing effect of the talking 
head is consistent with previous research (e.g., Ng & Przybylek, 2021; 
Yuan et al., 2021). Further, there were no effects of talking head on 
intrinsic (M = 4.49, SD = 1.49), germane (M = 5.09, SD = 1.02), and 
extraneous cognitive load (M = 4.63, SD = 1.32), all F < 1. Taken 
together, exploratory analyses revealed no impact of the talking head on 
learners’ ratings. 

3. Experiment 2 

Considering the findings of Experiment 1, it is possible that an 
attention-guiding function of the sequential presentation compensated 
for the potentially distracting effect of the talking head. Therefore, we 
conducted a second experiment in which we additionally varied the 
presentation type of the slide content (sequential vs. static) as between- 
subjects factor in addition to the factors investigated in Experiment 1. In 
the static presentation, the contents of a slide were shown all at once 

Table 1 
Means (and Standard Deviations in Parentheses) for Experiment 1.  

Instructor Slide 
type 

Knowledge 
test 

Perceived 
learning 

Prior 
knowledge 

Social 
presence 

Intrinsic cognitive 
load 

Germane cognitive 
load 

Extraneous cognitive 
load 

Present 
(n = 48) 

Graphic 14.29 (3.89) 3.67 (1.03) 1.42 (0.48)     
Text 14.88 (3.87) 4.06 (1.29) 1.24 (0.36)     
Overall 14.58 (3.46) 3.86 (1.07) 1.33 (0.34) 2.57 (1.33) 4.54 (1.47) 5.04 (1.01) 4.65 (1.35) 

Absent 
(n = 48) 

Graphic 13.40 (4.36) 3.63 (1.17) 1.51 (0.72)     
Text 14.81 (3.32) 4.02 (1.17) 1.37 (0.59)     
Overall 14.10 (3.10) 3.82 (1.05) 1.44 (0.59) 2.64 (1.50) 4.44 (1.52) 5.14 (1.04) 4.61 (1.31) 

Overall 
(N = 96) 

Graphic 13.84 (4.14) 3.65 (1.10) 1.46 (0.61)     
Text 14.84 (3.59) 4.04 (1.23) 1.30 (0.49)     
Overall 14.34 (3.28) 3.84 (1.06) 1.38 (0.48) 2.60 (1.41) 4.49 (1.49) 5.09 (1.02) 4.63 (1.32) 

Note. The left part of the table (video-specific measures) refers to 2x2-factorial ANOVAs, the right part (cross-video measures) refers to the one-way ANOVAs. 

C. Sondermann and M. Merkt                                                                                                                                                                                                               



Contemporary Educational Psychology 74 (2023) 102207

7

instead of fading them in one by one. 

3.1. Hypotheses 

Experiment 2 served the dual purpose of (1) replicating the findings 
of Experiment 1 while (2) testing our abovementioned explanation of 
the findings. For learning outcomes, we expected the presentation type 
(sequential vs. static) to affect the interplay of talking head and slide 
type which should be reflected in a significant three-way interaction 
(Hypothesis 1): In the conditions with sequential presentation of the 
content, we expected no significant interaction between talking head 
and slide type, replicating the results of Experiment 1. However, for 
static presentation of the content, there is no movement on the slides to 
draw learners’ attention away from the talking head back to the content. 
Therefore, we expected a learning-impeding effect of the talking head 
for graphic-based content, whereas we did not expect a detrimental ef-
fect for text-based content. 

Further, since previous research using graphic-based learning ma-
terials reported positive effects of sequential presentation on learning 
outcomes compared to a static presentation (Fiorella et al., 2019; Jamet 
et al., 2008), we expected better learning outcomes for graphic slides 
with sequential presentation than for graphic slides with static presen-
tation (Hypothesis 2.1). It remains an open research question whether 
the sequential presentation has also positive effects for text-based 
videos. Further, for videos with graphic slides, detrimental talking 
head effects should be apparent for static, but not for sequential pre-
sentation (Hypothesis 2.2). 

Regarding the subjective rating scales (perceived learning, social 
presence), we expected to replicate the results of Experiment 1 in which 
we found no effects of the talking head (Hypothesis 3). As in Experi-
ment 1, we preregistered to explore the effects of our independent var-
iables on cognitive load. Again, hypotheses were preregistered on OSF 
(https://osf.io/r36wn). 

3.2. Method 

3.2.1. Participants 
We preregistered to collect data of N = 184 participants. Since we did 

not observe any effects in Experiment 1, we decided to further decrease 
the specified effect size in the power analysis for the current experiment 
to detect medium to small effects according to Cohen (1988) based on 
considerations regarding a desirable effect size (Hattie, 2008). Again, we 
had conducted an a priori power analysis with G*Power 3.1.9.4 (Faul 
et al., 2007) which suggested a required sample size of at least N = 152 
participants (α = 0.05, 1-β = 0.80, f = 0.23, ηp

2 = 0.05). To account for 
balancing and to slightly increase power, we preregistered a sample size 
of N = 184 based on additional available resources. 

A total of N = 202 German-speaking participants completed the 
online experiment via Prolific. Based on preregistered exclusion criteria, 
we excluded 18 participants because they claimed to know the 
instructor (n = 2), not all videos were played with sound (n = 1), they 
used search engines to answer the knowledge questions (n = 1), they 
took notes on the videos (n = 10), their videos had been interrupted (n =
1), they did not see the whole video on their screen (n = 1), and they 
exceeded time limits regarding video viewing time and the knowledge 
test as specified in the preregistration (n = 2). This resulted in the pre-
viously determined final sample size of N = 184 (77 female, 103 male, 4 
diverse, Mage = 28.68 years, SDage = 8.47). 

3.2.2. Learning materials 
We used four of the six videos from Experiment 1, two videos with 

graphic slides (i.e., South Georgia, Triangular Model) and two videos 
with text slides (i.e., Burkina Faso, Rudolf Höß). We dropped one video 
(i.e., art topic) because it did not allow for static presentation of the 
visual information. Consequently, we also excluded a video with text 
slides that took a similar amount of time (i.e., blackcap topic) to 

maintain the same number of videos in both conditions. We imple-
mented the sequential presentation in the same way as in Experiment 1 
and only adapted minor details to allow static presentation for all slides. 
In the static presentation condition, the slide content (i.e., graphic ele-
ments for graphic slides, bullet points for text slides) appeared all at 
once. In the talking head conditions, we again balanced whether the 
talking head was visible in the lower left or right corner of the videos. 

3.2.3. Measures 

3.2.3.1. Individual prerequisites. Prior knowledge for the four topics was 
recorded exactly as in Experiment 1. Reliabilities were ρ = 0.55 for 
graphic-based and ρ = 0.43 for text-based topics. 

3.2.3.2. Knowledge test / learning outcomes. Questions of the knowledge 
test were the same as in Experiment 1 (except for the questions referring 
to the two excluded videos). Therefore, the knowledge test consisted of 
32 questions (8 questions per video), resulting in a maximum score of 
32. Cronbach’s alpha was α = 0.78 for the 16 questions on graphic-based 
videos and α = 0.53 for the 16 questions on text-based videos. 

3.2.3.3. Ratings of the learning material and cognitive load. The variables 
perceived learning (ρ = 0.37 for graphic-based, ρ = 0.70 for text-based 
videos), social presence (α = 0.89), intrinsic (ρ = 0.76), germane (α =
0.34), and extraneous cognitive load (α = 0.84) were collected identical 
to Experiment 1. 

3.2.4. Design 
Experiment 2 followed a 2x2x2-design with talking head (present vs. 

absent) and presentation type (sequential vs. static presentation) as 
between-subjects factors and slide type (graphic vs. text) as within- 
subjects factor. Participants were randomly assigned to one of the four 
different between-conditions. In all conditions, they saw four educa-
tional videos consisting of narrated slides with two videos only con-
taining graphic and two only containing text slides. 

3.2.5. Procedure and analytical strategy 
The procedure, which included the adapted materials, was identical 

to Experiment 1. For learning outcomes and perceived learning, we 
applied 2x2x2-factorial ANOVAs with the independent variables talking 
head (between), presentation type (between), and slide type (within). 
For the remaining variables, we applied 2x2-factorial ANOVAs with 
talking head and presentation type as between-subjects factors. To 
explain potential 2-way and 3-way interactions, corresponding post-hoc 
tests were preregistered. Scripts and data can be downloaded at OSF (htt 
ps://osf.io/xug9c/?view_only=7b149959778c40c3b9fe51fb988f823f). 

3.3. Results and discussion 

Descriptive data for the key variables are provided in Table 2. Again, 
we focus on our main research questions in the Results section, whereas 
descriptive data and further analyses regarding variables such as 
perceived difficulty, satisfaction, and professionalism can be found at 
OSF. 

3.3.1. Did the groups differ on individual prerequisites? 
For age, the ANOVA revealed no main effects or interactions, all F <

2.49, all p >.116, indicating that there were no pre-existing age differ-
ences in the between-subjects conditions. Regarding gender, the chi- 
square test also indicated no differences between the four between- 
subjects conditions, χ2(6) = 6.92, p =.328, φ = 0.194. For prior 
knowledge, the ANOVA revealed higher self-reported prior knowledge 
scores for text-based videos (M = 1.40, SD = 0.60) compared to graphic- 
based videos (M = 1.21, SD = 0.48), F(1, 180) = 16.20, p <.001, ηp

2 =
0.083. There were no other significant main effects and interactions, all 
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F < 3.82, p >.051. 

3.3.2. Preregistered analyses 

3.3.2.1. Did the talking head negatively affect learning outcomes for certain 
materials?. Contrary to Hypotheses 1 and 2.2, we found no significant 
three-way interaction Talking Head × Slide Type × Presentation Type 
for learning outcomes, F(1, 180) = 2.73, p =.100, ηp

2 = 0.015. However, 
the analysis revealed higher scores for the videos with graphic slides (M 
= 11.29, SD = 3.39) than for those with text slides (M = 10.17, SD =
2.63), F(1, 180) = 19.36, p <.001, ηp

2 = 0.097. Contrary to Hypothesis 
2.1, there also was no interaction Slide Type × Presentation Type, F < 1. 
Further, there were no main effects of talking head or presentation type, 
and no other two-way interactions, all F < 1. In summary, our hypoth-
eses on learning outcomes were not supported. Thus, regardless of slide 
type and presentation type, the talking head did not affect learning 
outcomes. For the conditions which corresponded to those of Experi-
ment 1 (sequential presentation), we replicated the results of Experi-
ment 1 finding no interplay of talking head and slide type. 

Since we did not observe a main effect of presentation type or an 
interaction between slide type and presentation type, our results are not 
consistent with previous research (Fiorella et al., 2019; Jamet et al., 
2008) reporting a beneficial effect of sequential presentation for 
graphic-based contents. Potentially, this inconsistency could be 
explained by the complexity of the learning materials because the 
graphic-based learning content may not have been visually complex 
enough for the sequential fade-in to provide an advantage over the static 
presentation (see also General Discussion). 

3.3.2.2. Did the talking head affect subjective ratings of the learning 
materials?. For perceived learning (M = 4.25, SD = 1.04), in line with 
Hypothesis 3 and the results of Experiment 1, there was no main effect of 
the talking head, F < 1. Further, there were no other main effects or 
interactions, all F < 2.48, all p >.117. Also, in line with Hypothesis 3, the 
ANOVA on social presence (M = 2.68, SD = 1.50) showed no main effect 

of talking head, F < 1, and no other main effect or interaction, both F <
2.11, both p >.148. Potential explanations for the talking head not 
affecting ratings of perceived learning and social presence have already 
been addressed in Section 2.3.2.2. 

3.3.3. Exploratory analyses 

3.3.3.1. Did the talking head affect intrinsic, germane, or extraneous 
cognitive load?. Regarding intrinsic cognitive load, ratings were higher 
for videos with sequential presentation (M = 4.40, SD = 1.40) than for 
those with static presentation (M = 3.91, SD = 1.54), F(1, 180) = 5.04, p 
=.026, ηp

2 = 0.027. The main effect of talking head and the interaction 
Talking Head × Presentation Type were not significant, both F < 1. 

For germane cognitive load (M = 5.16, SD = 0.82), the ANOVA 
revealed neither main effects of talking head and presentation type nor 
an interaction, all F < 1. Regarding extraneous cognitive load, partici-
pants rated extraneous load higher in conditions without talking head 
(M = 4.50, SD = 1.35) than in the conditions with talking head (M =
3.98, SD = 1.54), F(1, 180) = 5.85, p =.017, ηp

2 = 0.031. There was no 
main effect of presentation type and no interaction, both F < 2.06, both 
p >.153. The observed decrease in extraneous load due to a talking head, 
which we did not find in Experiment 1, appears counterintuitive, since 
features which are not directly related to the task should actually in-
crease extraneous cognitive load (Sweller et al., 1998). However, our 
findings on extraneous load replicate the results of Wang, Antonenko, 
Keil, and Dawson (2020). 

4. General discussion 

4.1. Empirical contributions 

By varying the presence of a talking head in addition to other fea-
tures of educational videos with narrated slides (slide type, presentation 
type), this study is one of the first that systematically investigated po-
tential boundary conditions of talking heads across different topics. In 
both experiments, our hypotheses, which assumed learning losses due to 

Table 2 
Means (and Standard Deviations in Parentheses) for Experiment 2.  

Condition 

Presentation 
type 

Instructor Slide 
type 

Knowledge 
test 

Perceived 
learning 

Prior 
knowledge 

Social 
Presence 

Intrinsic 
cognitive load 

Germane 
cognitive load 

Extraneous 
cognitive load 

Sequential  Present 
(n = 46) 

Graphic 11.76 (3.27) 4.33 (1.11) 1.20 (0.43)     
Text 10.07 (2.94) 4.45 (1.17) 1.30 (0.50)     
Overall 10.91 (2.54) 4.39 (0.91) 1.25 (0.40) 2.99 (1.70) 4.42 (1.52) 5.06 (0.91) 4.20 (1.50) 

Absent 
(n = 46) 

Graphic 11.20 (3.47) 4.26 (1.21) 1.20 (0.50)     
Text 10.43 (2.45) 4.29 (1.33) 1.29 (0.43)     
Overall 10.82 (2.43) 4.28 (1.06) 1.24 (0.38) 2.69 (1.50) 4.38 (1.29) 5.17 (0.84) 4.58 (1.23) 

Overall 
(n = 92) 

Graphic 11.48 (3.37) 4.29 (1.15) 1.20 (0.46)     
Text 10.25 (2.70) 4.37 (1.25) 1.30 (0.46)     
Overall 10.86 (2.47) 4.33 (0.99) 1.25 (0.39) 2.84 (1.60) 4.40 (1.40) 5.11 (0.87) 4.39 (1.38) 

Static  Present 
(n = 46) 

Graphic 10.85 (3.50) 3.90 (1.25) 1.24 (0.49)     
Text 10.22 (2.48) 4.37 (1.25) 1.41 (0.67)     
Overall 10.53 (2.60) 4.14 (1.13) 1.33 (0.45) 2.41 (1.37) 3.78 (1.68) 5.26 (0.83) 3.76 (1.56) 

Absent 
(n = 46) 

Graphic 11.35 (3.37) 4.24 (1.32) 1.23 (0.50)     
Text 9.98 (2.68) 4.20 (1.14) 1.61 (0.72)     
Overall 10.66 (2.49) 4.22 (1.04) 1.42 (0.50) 2.63 (1.38) 4.04 (1.39) 5.16 (0.72) 4.41 (1.46) 

Overall 
(n = 92) 

Graphic 11.10 (3.42) 4.07 (1.29) 1.23 (0.49)     
Text 10.10 (2.57) 4.28 (1.20) 1.51 (0.70)     
Overall 10.60 (2.53) 4.18 (1.08) 1.37 (0.48) 2.52 (1.37) 3.91 (1.54) 5.21 (0.77) 4.09 (1.54) 

Overall  Present 
(n = 92) 

Graphic 11.30 (3.40) 4.11 (1.19) 1.22 (0.46)     
Text 10.14 (2.71) 4.41 (1.21) 1.36 (0.59)     
Overall 10.72 (2.57) 4.26 (1.03) 1.29 (0.43) 2.70 (1.56) 4.10 (1.62) 5.16 (0.87) 3.98 (1.54) 

Absent 
(n = 92) 

Graphic 11.27 (3.40) 4.25 (1.26) 1.21 (0.50)     
Text 10.21 (2.56) 4.24 (1.23) 1.45 (0.61)     
Overall 10.74 (2.45) 4.25 (1.05) 1.33 (0.45) 2.66 (1.43) 4.21 (1.34) 5.16 (0.78) 4.50 (1.35) 

Overall 
(N = 184) 

Graphic 11.29 (3.39) 4.18 (1.23) 1.21 (0.48)     
Text 10.17 (2.63) 4.33 (1.22) 1.40 (0.60)     
Overall 10.73 (2.50) 4.25 (1.04) 1.31 (0.44) 2.68 (1.50) 4.16 (1.49) 5.16 (0.82) 4.24 (1.46) 

Note. The left part of the table (video-specific measures) refers to 2x2x2-factorial ANOVAs, the right part (cross-video measures) refers to the 2x2-factorial ANOVAs. 
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the talking head with certain learning materials, were not supported. 
Hence, regardless of slide type and presentation type of the contents, we 
found no effects of the talking head on learning outcomes and thus 
identified no boundary conditions of instructor presence. Hence, the 
inclusion of a talking head offers neither clear advantages nor disad-
vantages. This lack of effects is consistent with some other studies 
investigating instructor presence in general (Homer et al., 2008, van 
Wermeskerken et al., 2018) and talking heads in particular (Kizilcec 
et al., 2014; Ng & Przybylek, 2021; Rosenthal & Walker, 2020). How-
ever, our study extends these findings by showing that a talking head has 
neither positive nor negative effects even if we systematically vary other 
design features such as (1) graphic-based or text-based slides and their 
(2) sequential or static presentation. 

4.2. Theoretical implications 

The lack of beneficial effects of the talking head on learning appears 
plausible in light of the embodiment principle (Mayer, 2021). In our 
experiments, the instructor was characterized by a low level of 
embodiment and did not use any gestures, whereas high embodiment (e. 
g., by providing gestures) has already proven to be beneficial for 
learning (Beege et al., 2020; Pi et al., 2017). Also consistent with the 
embodiment principle, the talking head did not affect social presence 
ratings in either experiment (see also Ng & Przybylek, 2021; Yuan et al., 
2021). Additionally, our findings correspond to the image principle of 
multimedia learning (Mayer, 2021), which does not suggest any impact 
on learning with a rather static image of an instructor. 

Since we did not observe detrimental effects of the talking head on 
learning outcomes, our results do not provide clear evidence for the 
coherence principle and the split-attention principle of multimedia 
learning (Mayer, 2021). It is possible that our materials were not com-
plex enough to elicit learning differences. This rationale is also plausible 
considering that, in contrast to previous studies (Fiorella et al., 2019; 
Jamet et al., 2008), we did not observe a beneficial effect of the 
sequential presentation of graphic-based content on learning outcomes 
in Experiment 2. However, except for rather low difficulty ratings in 
both experiments (see Online Appendix), there is little support for this 
reasoning in our data (e.g., no ceiling effects in the knowledge test). 
Nevertheless, for future research investigating potential boundary con-
ditions of talking heads, it would be interesting to examine learning 
videos which systematically vary in their visual complexity. 

Additionally, it would also be conceivable that learning-impeding 
effects of a talking head postulated by coherence or split-attention 
principle (Mayer, 2021) were levelled out by beneficial effects of a 
talking head. However, neither does our data provide any direct indi-
cation for this, for example in terms of higher social presence ratings, 
nor does this reasoning appear particularly feasible due to the talking 
head’s low level of embodiment in the present experiments. 

Beyond, it is possible that research often does not identify main ef-
fects of talking heads on learning outcomes because talking heads are 
not equally effective (or distracting) for all different kinds of learners. In 
particular, learners’ individual characteristics that were beyond the 
scope of this manuscript may play a role. Although this reasoning does 
not directly argue against the theories presented in this manuscript, it 
may be worthwhile to select a more systematic approach towards 
considering a broader range of individual prerequisites that may mod-
erate how specific characteristics of the learning materials affect 
learning outcomes. For instance, initial work investigating the interplay 
of sustained attention and talking heads reports an interaction between 
both variables. Specifically, descriptive data suggest that learning- 
enhancing effects of the talking head are smaller for low than for high 
sustained attention, implying that sustained attention may influence 
talking head effects (Kokoç et al., 2020). Hence, since there often seems 
to be no one-size-fits-all solution, it would be desirable to incorporate 
individual prerequisites (e.g., attention span) more strongly into both 
research and theoretical models. 

4.3. Limitations 

The aforementioned findings should be interpreted in the light of 
some methodological choices, potential issues with differences in sub-
jective prior knowledge, and scale reliabilities. With regard to meth-
odological choices, we decided to use graphic-based and text-based 
videos covering different topics. This decision resulted from our inten-
tion to use ecologically valid materials which learners may actually 
encounter in real online learning scenarios. Thus, we opted against 
producing rather artificial videos which portray the same topic both 
graphic-based and text-based. Therefore, we do not interpret any main 
effects of slide type, as any resulting differences could have numerous 
reasons based on the different video contents. However, this does not 
affect the interpretation of potential main effects of the talking head as 
well as potential interactions of talking head and slide type because the 
comparisons of the different talking head conditions within the different 
levels of slide type are based on content equivalent materials. 

Further, our knowledge test only measured factual knowledge and 
did not include questions addressing higher order learning (i.e., transfer 
knowledge). Therefore, all conclusions on learning outcomes refer to 
acquisition of factual knowledge and cannot be generalised to other 
learning measures. However, we specifically chose to focus on factual 
knowledge because we were mainly interested in potential learning- 
impeding effects of instructor presence (i.e., distraction). This should 
affect learners’ extraction of factual knowledge from the learning ma-
terials, for example in situations in that they do not attend to the actual 
contents of the slides but focus on the instructor instead. Based on social 
agency theory (Mayer, 2014), it may have been interesting to include 
measures of transfer knowledge because this theory would suggest a 
positive effect of instructor presence on higher order learning outcomes. 
However, including measures for higher order learning was beyond the 
scope of the experiments due to their focus on potential boundary 
conditions of instructors (i.e., distracting effects) when extracting 
factual knowledge from narrated slides. 

As a final methodological limitation, both experiments were con-
ducted online, which comes with certain caveats. Indeed, online ex-
periments offer less experimental control (over whether participants 
complete the study as intended) than laboratory experiments. We tried 
to address this limitation with various measures. For example, we 
included a control question to ensure that participants read the ques-
tions carefully and limited the time to answer the knowledge questions 
to prevent participants from looking up the correct answers. On a pos-
itive note, the online format also implies that our experiments are 
characterised by a high level of ecological validity because the learners 
watched the videos at home, which is closer to a real-world scenario (e. 
g., watching online lectures, YouTube videos) than watching them in a 
lab setting. 

In addition, there were main effects of slide type on participants self- 
reported prior knowledge in both experiments. Even though we do not 
interpret the main effects of slide type as monocausal consequences of 
slide type on any dependent variable, the direction of the main effects 
regarding prior knowledge found in both experiments is opposite to the 
respective main effects regarding the knowledge test. Further, it should 
be noted, that subjective ratings of knowledge do not necessarily coin-
cide with actual knowledge (Kardas & O’Brien, 2018; Toftness et al., 
2018); which may be amplified by the fact that our assessment of prior 
knowledge was rather unspecific. However, we decided against using an 
objective prior knowledge test in order to avoid selectively directing 
learners’ attention to the contents queried in the prior knowledge test. 

Finally, it should be mentioned that the reliabilities of some variables 
(e.g., prior knowledge, perceived learning) were rather low. This could 
be due to the fact that the scales mentioned above partly consisted of 
only two items, whereas reliability coefficients tend to increase with 
many items (Field, 2009). In addition, the low reliability value could 
arise from the heterogeneity of the measured topics (Field, 2009; Stadler 
et al., 2021), because the two items of the scales asked for assessments of 
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two different videos with heterogeneous topics. 

4.4. Practical implications and conclusion 

In summary, including a talking head into educational videos with 
narrated slides had neither detrimental nor beneficial effects on 
knowledge acquisition. Our hypotheses regarding potential learning- 
impeding effects of the talking head were not supported in either 
experiment and we did not identify any boundary conditions for effects 
of instructor presence. Hence, when facing the question of whether to 
include a talking head in an educational video, our findings do not 
provide any clear evidence that this is particularly useful or beneficial 
for learning. This also implies that the inclusion of a visible talking head 
entails no disadvantages, even when presented next to materials that 
require visual attention. Our study supports the existing literature on 
talking heads and extends it by revealing no talking head effects even 
with systematically varied materials. However, considering theoretical 
assumptions and other empirical findings (i.e., high visual attention on 
the talking head), detrimental effects of the talking head on learning in 
certain constellations cannot be completely ruled out. 
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Additional Measures and Results 

Additional Measures Experiment 1a 

Prior Interest 

We asked for participants’ prior interest in the six topics (e.g., “How much are you 

interested in the African country Burkina Faso?”) on a 7-point Likert scale from 1 (not at all) 

to 7 (very interested). Each participant’s ratings were averaged to get an a priori interest score 

for graphic- (α = .62) and text-based topics (α = .57).  

Learning Preference 

Since some previous studies showed an interplay between instructor presence and 

learning preference (Homer et al., 2008; Kizilcec et al., 2015), we assessed learning preference 

as a control variable the ensure the comparability of the between-subjects conditions. We used 

the one-item Verbal-Visual Learning Style Rating (Mayer & Massa, 2003). Learners rated their 

preference for visual or verbal content on a 7-point scale. 

Satisfaction, Professionalism, and Joy of Learning 

Learners rated their satisfaction4 with the learning materials (“How satisfied are you 

with the learning videos?”, 1 = very dissatisfied, 7 = very satisfied, adapted from Wang and 

Antonenko, 2017), the professionalism of the videos (“How professional did the videos 

appear?”, 1 = very unprofessional, 7 = very professional, adapted from Merkt et al., 2020), and 

their joy of learning (“How much did you enjoy learning with the videos?”, 1 = not at all, 7 = 

a lot, adapted from Merkt et al., 2020) on 7-point Likert scales. 

Invested Mental Effort  

Learners rated their mental effort (“How exhausting did you find it to follow the video 

content?”, adapted from Paas, 1992) on a 9-point Likert scale ranging from 1 (not at all 

exhausting) to 9 (extremely exhausting). Mean values were calculated for graphic-based 

(α = .53) and text-based videos (α = .76).  

Perceived Difficulty 

         Learners rated perceived difficulty (“How easy or difficult was this video to understand?”, 

Kalyuga et al., 1999) on a 7-point scale from 1 (extremely easy) to 7 (extremely difficult). We 

calculated mean values for graphic-based (α = .59) and text-based videos (α = .68). 

Additional Results Experiment 1a 

An overview of the results of Experiment 1a can be found in Table B.1. Descriptive data 

on all variables can be found in Table B.2. 

 
4 Based on prior research, we expected higher satisfaction ratings with than without talking head.  
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Mental Effort and Perceived Difficulty 

For mental effort, results indicated no main effects of slide type, F(1, 94) = 3.26, 

p = .074, ηp
2 = .033, or talking head, F < 1, and no interaction of the two variables, F < 1. For 

perceived difficulty, we found higher difficulty ratings for graphic-based videos (M = 3.29, 

SD = 1.28) than for text-based videos (M = 2.70, SD = 1.07), F(1, 94) = 30.11, p < .001, 

ηp
2 = .243. However, the main effect of talking head and the interaction of both variables were 

not significant, both F < 1.  

Satisfaction, Professionalism, and Joy of Learning 

For satisfaction, the ANOVA revealed no main effect of talking head, F(1, 94) = 1.53, 

p = .220, ηp
2 = .016. Further, there was no significant effect of talking head on either 

professionalism, F(1, 94) = 1.83, p = .179, ηp
2 = .019 or joy of learning, F < 1.  

Prior Interest and Learning Preference 

For interest, there was no main effect of either slide type, F(1, 94) = 1.35, p = .249, ηp
2 = .014, 

or talking head, F < 1, and no interaction, F < 1. With regard to learning preference, there was 

no main effect of talking head condition, F(1, 94) = 1.95, p = .165, ηp
2 = .020, indicating that 

between-subjects conditions did not differ in terms of prior interest and learning preference.  

Additional Measures Experiment 1b 

The variables satisfaction, professionalism, joy of learning5, invested mental effort 

(ρ = .41 for graphic-based, ρ = .75 for text-based videos), and perceived difficulty (ρ = .46 for 

graphic-based, ρ = .65 for text-based videos), and cognitive style were collected identical to 

Experiment 1a. Also, prior interest for the four topics was recorded as in Experiment 1a. 

Reliabilities were ρ = .41 for interest in graphic-based topics, and ρ = .51 for interest in text-

based topics.  

Additional Results Experiment 1b 

An overview of the results of Experiment 1b can be found in Table B.3. Descriptive 

data on all variables can be found in Table B.4. 

Mental Effort and Perceived Difficulty 

For mental effort, there were no main effects of talking head, slide type, and presentation 

type, all F < 1. Further, there were no significant interactions Talking Head x Slide Type x 

Presentation Type, F(1, 180) = 2.76, p = .098, ηp
2 = .015, Talking Head x Slide Type, F < 1,  

 
5 Based on the results of Experiment 1a, we expected no differences between conditions with and without talking 
head for ratings of satisfaction, professionalism, and joy of learning.  
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Presentation Type, F(1, 180) = 2.76, p = .098, ηp
2 = .015, Talking Head x Slide Type, F < 1, 

and Slide Type x Presentation Type, F(1, 180) = 3.46, p = .065, ηp
2 = .019, and Talking Head  x 

Presentation Type, F(1, 180) = 1.03, p = .311, ηp
2 = .006.   

For perceived difficulty, the ANOVA revealed a three-way interaction Talking Head x Slide 

Type x Presentation Type, F(1, 180) = 4.64, p = .033, ηp
2 = .025, and a significant two-way 

interaction Slide Type x Presentation Type, F(1, 180) = 3.95, p = .048, ηp
2 = .021. The 

interactions Talking Head x Slide Type, F(1, 180) = 1.73, p = .190, ηp
2 = .010, and Talking 

Head x Presentation Type, F < 1, were not significant. Further, there were higher difficulty 

ratings for graphic-based videos (M = 3.45, SD = 1.34) than for text-based videos (M = 2.59, 

SD = 1.09), F(1, 180) = 78.69, p < .001, ηp
2 = .304. Effects of talking head and presentation 

type were not significant, both F < 1.  

To resolve the three-way interaction, we followed two different approaches reflecting 

(1) the replication and extension of the findings of Experiment 1a and (2) the question whether 

the talking head qualifies the two-way interaction Slide Type x Presentation Type observed in 

the overall ANOVA. 

First, to replicate and extend the findings of Experiment 1a, we conducted separate 2x2-

factorial ANOVAs with the factors talking head and slide type for the two different presentation 

types. For sequential presentation, (the same presentation type as in Experiment 1a), the 

findings could be replicated. In particular, there were higher values of perceived difficulty for 

graphic slides (M = 3.33, SD = 1.40) than for text slides (M = 2.66, SD = 1.15), F(1, 

90) = 22.56, p < .001, ηp
2 = .200, whereas the interaction Talking Head x Slide Type, F < 1, as 

well as the main effect of talking head, F(1, 90) = 1.27, p = .264, ηp
2 = .014, were not 

significant. For the static presentation condition, a different pattern of results emerged: Again, 

there were higher values of perceived difficulty for graphic slides (M = 3.57, SD = 1.26) 

compared to text slides (M = 2.52, SD = 1.04), F(1, 90) = 62.07, p < .001, ηp
2 = .408, and no 

main effect of talking head, F < 1. Importantly, the analysis also showed a significant 

interaction Talking Head x Slide Type, F(1, 90) = 6.34, p = .014, ηp
2 = .066. When no talking 

head was present, Bonferroni-adjusted post-hoc comparisons revealed that videos with graphic 

slides (M = 3.40, SD = 1.20) were perceived as more difficult than videos with text slides 

(M = 2.68, SD = 1.21), F(1, 90) = 14.37, p < .001, ηp
2 = .138. When the talking head was 

present, participants also perceived the graphic slides (M = 3.74, SD = 1.31) to be more difficult 

than the text slides (M = 2.35, SD = 0.81), F(1, 90) = 54.05, p < .001, ηp
2 = .375. However, this 

effect was more than twice as large for videos with talking head.  
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Second, to address the question whether the talking head qualifies the two-way 

interaction of slide type and presentation type observed in the overall ANOVA, we conducted 

two separate 2x2-factorial ANOVAs for the two talking head conditions. For conditions without 

talking head, there were higher difficulty ratings for graphic slides (M = 3.45, SD = 1.32) than 

for text slides (M = 2.72, SD = 1.21), F(1, 90) = 28.44, p < .001, ηp
2 = .240. There was no main 

effect of presentation type, F < 1, and no interaction Slide Type x Presentation Type, F < 1. 

For conditions with talking head, the post-hoc ANOVA revealed higher difficulty 

ratings for graphic-based videos (M = 3.45, SD = 1.36) than for text-based videos (M = 2.46, 

SD = 0.96), F(1, 90) = 52.06, p < .001, ηp
2 = .366. There was no main effect of presentation 

type, F < 1, but a significant interaction Slide Type x Presentation Type, F(1, 90) = 8.61, 

p = .004, ηp
2 = .087. When resolving this two-way interaction, Bonferroni-adjusted post-hoc 

comparisons revealed no main effect of presentation type for videos with text slides, F(1, 

90) = 1.32, p = .254, ηp
2 = .014. However, for videos with graphic slides, comparisons revealed 

that videos with static presentation (M = 3.74, SD = 1.31) were perceived as more difficult than 

videos with sequential presentation (M = 3.16, SD = 1.36), F(1, 90) = 4.27, p = .042, ηp
2 = .045. 

Thus, the combination of talking head, graphic slides, and static presentation produced the 

highest difficulty ratings. Additionally, the interaction Slide Type x Presentation Type can be 

resolved in a different way using Bonferroni-adjusted post-hoc comparisons: For sequential 

presentation, participants considered graphic-based videos (M = 3.16, SD = 1.36) as more 

difficult than text-based videos (M = 2.58, SD = 1.08), F(1, 90) = 9.17, p = .003, ηp
2 = .092. For 

static presentation, perceived difficulty was also significantly higher for graphic slides 

(M = 3.74, SD = 1.31) than for text slides (M = 2.35, SD = 0.81), F(1, 90) = 51.50, p < .001, 

ηp
2 = .364. However, the latter effect was about four times larger. Thus, sequential presentation 

produced smaller differences in difficulty perceptions between graphic- and text-based videos.  

Satisfaction, Professionalism, and Joy of Learning 

For satisfaction, in line with our hypothesis (OSF, link to preregistration excluded for 

blind reviews),the ANOVA revealed no main effect of talking head, F(1, 180) = 2.28, p = .133, 

ηp
2 = .013, and further no main effect of presentation type, F < 1, or an interaction Talking 

Head x Presentation Type, F < 1.  

Contrary to Experiment 1a, participants perceived videos with talking head (M = 4.01, 

SD = 1.57) as more professional than videos without talking head (M = 3.55, SD = 1.50), F(1, 

180) = 4.09, p = .045, ηp
2 = .022. There was no main effect of presentation type, F(1, 

180) = 2.37, p = .125, ηp
2 = .013, and no significant interaction Talking Head x Presentation 

Type, F < 1. 
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Regarding joy of learning, results revealed neither a main effect of talking head 

(supporting our hypothesis) and presentation type, nor an interaction, all F < 1. 

Prior Interest and Learning Preference 

For interest, the ANOVA revealed higher values for the text-based topics (M = 3.13, 

SD = 1.26) than for graphic-based topics (M = 2.77, SD = 1.19), F(1, 180) = 15.49, p < .001, 

ηp
2 = .079. There were no main effects of talking head and presentation type, both F < 1. 

Further, there were no interactions Talking Head x Slide Type, F < 1, Slide Type x Presentation 

Type, F(1, 180) = 1.06, p = .305, ηp
2 = .006, Talking Head x Presentation Type, F(1, 

180) = 1.21, p = .273, ηp
2 = .007, and Talking Head x Slide Type x Presentation Type, F < 1. 

The ANOVA for preference revealed no significant main effects of talking head or presentation 

type, and no significant interaction, all F < 1, suggesting no difference between the between-

subjects conditions. 
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A B S T R A C T   

When considering the inclusion of a visible instructor into educational videos, theory and prior 
research point to both advantages and disadvantages and suggest potential interactions with 
other design features of educational videos. Therefore, we conducted an online experiment in 
which N = 112 participants watched eight short videos with narrated slides on different topics, 
using a within-design to vary talking head (present vs. absent), slide type (graphic vs. text), and 
presentation type (sequential fade-in vs. static). We investigated effects of these design features 
on learning outcomes (factual knowledge), learners’ ratings of the videos (e.g., perceived 
learning, satisfaction), and selection behaviour. Results revealed worse learning outcomes for 
videos with talking head, while participants rated their perceived learning higher for those videos 
with talking head. Further, participants indicated higher satisfaction for videos with talking head 
and selected them more frequently when choosing between different formats. Potential expla-
nations for the findings and directions for future research are discussed.   

1. Introduction 

Initiated by digitalisation and most recently promoted by the COVID-19 pandemic, educational videos play a central role in formal 
and informal learning. However, there are still unanswered questions about how educational videos should be designed so that 
learners select them, like them, and successfully learn with them. One design feature of educational videos whose effects are still not 
well understood is the inclusion of a visible instructor. Instead of only hearing the instructor’s voice, many videos include a video of the 
talking instructor next to the actual learning content. In our experiment, we investigate the mere presence of a talking head without 
further didactic functions (e.g., pointing, writing, gesturing) next to narrated slides. For research on instructors with further didactic 
functions, see for example Beege et al. (2020), Fiorella, Stull, Kuhlmann, and Mayer (2019), or Stull, Fiorella, and Mayer (2021). 
Theory argues for both potential advantages (e.g., social agency theory, Mayer, 2014a) and disadvantages (e.g., split-attention 
principle, Ayres & Sweller, 2014) of instructor presence. Similarly, research does not provide consistent findings regarding the in-
clusion of an instructor in educational videos. 
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1.1. Theoretical background 

On the one hand, including the visible instructor in educational videos provides a social cue that can activate social interaction 
schemas. According to social agency theory (SAT, Mayer, 2014a), social cues can elicit social responses (e.g., attention), which in turn 
lead to deeper processing and enhanced transfer learning. Correspondingly, Schneider, Beege, Nebel, Schnaubert, and Rey (2022) 
highlight the relevance of social processes in learning with digital materials in their cognitive-affective-social theory of learning in 
digital environments (CASTLE), according to which a talking head can be considered a strong social cue. Further, following the 
social-cue hypothesis (Colliot & Jamet, 2018), social cues can translate not only into better learning outcomes, but also into an 
enhanced learning experience for learners (e.g., higher interest and engagement). 

On the other hand, cognitive load theory (CLT, Sweller, 1999; Sweller, Ayres, & Kalyuga, 2011) and cognitive theory of multimedia 
learning (CTML, Mayer, 2014b) argue that extraneous materials should be excluded from the learning materials to prevent cognitive 
overload (see coherence principle, Mayer & Fiorella, 2014). Adding an instructor can be considered as extraneous material when the 
instructor does not directly contribute to the task itself (e.g., by performing further didactic functions such as pointing). 

In addition, people show a preference for human faces (Gullberg & Holmqvist, 2006; Johnson, Dziurawiec, Ellis, & Morton, 1991). 
In line with this, several studies on instructor presence revealed that learners spent a significant amount of time looking at the 
instructor (e.g., Kizilcec, Papadopoulos, & Sritanyaratana, 2014; van Wermeskerken, Ravensbergen, & van Gog, 2018). Therefore, the 
instructor visually competes with the learning content. According to the split-attention principle (CTML, Ayres & Sweller, 2014), 
learning materials that require learners to split their attention can increase extraneous cognitive load and therefore hinder learning. 

Taken together, the inclusion of a talking head may serve as social cue that enhances learning on the one hand (SAT, Mayer, 2014a), 
whereas the talking head can be seen as source of extraneous cognitive load that hinders learning on the other (CTML, Ayres & Sweller, 
2014; Mayer & Fiorella, 2014). 

1.2. Prior research on instructor presence 

1.2.1. Effects on learning outcomes 
In line with SAT (Mayer, 2014a), several studies demonstrated enhanced learning through a visible instructor (e.g., Pi & Hong, 

2016). However, these beneficial effects were often present in specific constellations of learning materials and/or types of knowledge, 
for instance, only for transfer performance (Wang, Antonenko, Keil, & Dawson, 2020), for recall performance in easy videos (Wang & 
Antonenko, 2017), for transfer performance in difficult videos (Wang, Antonenko, & Dawson, 2020), for declarative knowledge (Hong, 
Pi, & Yang, 2018), or for retention of spoken explanations (Colliot & Jamet, 2018). In contrast, several studies reported no learning 
differences between learners watching videos with and without an instructor, neither for immediate nor for delayed recall (Kizilcec 
et al., 2014; Ng & Przybylek, 2021), and neither for retention nor for transfer knowledge (Homer, Plass, & Blake, 2008; Sondermann & 
Merkt, 2022; van Wermeskerken et al., 2018). 

Although some multimedia principles suggest inhibitory effects for learning and although the instructor attracted considerable 
visual attention in previous studies (e.g., Kizilcec et al., 2014; van Wermeskerken et al., 2018), to the best of our knowledge, no study 
unanimously revealed detrimental effects on learning outcomes when comparing videos with and without human instructor (see also 
Henderson & Schroeder, 2021; but see Wilson et al., 2018). However, research on the effects of instructor presence and its interplay 
with other design features such as slide type and presentation type suggested that learners perceived the combination of present 
instructor, graphic slides, and static presentation as particularly difficult (Sondermann & Merkt, 2022). 

1.2.2. Effects on subjective ratings 
Considering the practical relevance, not only objective learning outcomes but also learners’ subjective ratings of the learning 

materials are of central importance. As soon as individuals engage in non-supervised, free-choice informal learning, it becomes 
particularly important whether they like a video because their experience may also determine if they decide to watch or continue 
watching educational videos (Guo, Kim, & Rubin, 2014). 

In line with the social-cue hypothesis (Colliot & Jamet, 2018), several studies revealed that including a visible instructor enhanced 
learners’ perceived learning (Kizilcec, Bailenson, & Gomez, 2015; Wang & Antonenko, 2017; Wilson et al., 2018), satisfaction (Wang & 
Antonenko, 2017; Wang, Antonenko, & Dawson, 2020), and situational interest (Wang, Antonenko, & Dawson, 2020; Wilson et al., 
2018). In contrast, other studies showed that a visible instructor did not affect social presence (Colliot & Jamet, 2018; Homer et al., 
2008; Ng & Przybylek, 2021; Sondermann & Merkt, 2022), situational interest (Colliot & Jamet, 2018), satisfaction, or perceived 
learning (Sondermann & Merkt, 2022). 

These contradictory findings may be partly attributed to the fact that those learners who reported a positive impact on video ratings 
(e.g., Kizilcec et al., 2014; Wang & Antonenko, 2017; Wilson et al., 2018) had a direct comparison between videos with and without 
instructors (e.g., because they watched both videos with and without instructor). In contrast, studies that found no effects on ratings 
(Sondermann & Merkt, 2022; Colliot & Jamet, 2018; Homer et al., 2008; Ng & Przybylek, 2021) varied instructor presence as a 
between-subjects factor (i.e., learners either watched only videos with or without instructor). Nevertheless, this methodological dif-
ference is only one potential explanation, because there are numerous differences between the various studies that may contribute to 
the heterogeneous findings (e.g., learning materials). 

Similar to learning outcomes and affective ratings, research regarding the effects of instructor presence on cognitive load (CL) 
provided heterogeneous results: Although some multimedia principles (Ayres & Sweller, 2014; Mayer & Fiorella, 2014) suggest that a 
visible instructor results in higher CL, only few studies demonstrated higher CL (i.e., task difficulty, mental effort) due to instructor 
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presence (Homer et al., 2008). Again, some studies did not identify any effects of instructor presence on CL (Colliot & Jamet, 2018; Ng 
& Przybylek, 2021). Other studies even observed that a visible instructor in videos resulted in lower ratings of extraneous load 
(Sondermann & Merkt, 2022; Wang, Antonenko, Keil, & Dawson, 2020), intrinsic load (Wang, Antonenko, Keil, & Dawson, 2020), or 
mental effort (Kizilcec et al., 2015). 

Regarding video selection, two studies (Kizilcec at al., 2015; Wilson et al., 2018), including one large-scale observational study in a 
MOOC environment (Kizilcec at al., 2015), found that learners preferred videos with instructor over those without instructor. Further, 
an analysis of usage patterns of online educational videos showed that videos with a visible instructor were more engaging because 
learners watched those videos longer than videos without instructor (Guo et al., 2014). 

1.3. The present research 

There are heterogeneous findings regarding the effects of instructor presence on learning outcomes and subjective ratings of the 
learning materials (also see Henderson & Schroeder, 2021). This presumably results from investigating the effects of different in-
structors with various learning materials with different features, which could interact with instructor presence. Hence, we aim to 
investigate the effects of a talking head across different videos with narrated slides, while systematically varying two additional design 
features that may moderate effects of instructor presence: First, we include the slide type of the videos (graphic vs. text slides) because 
based on the split-attention principle (Ayres & Sweller, 2014), it is conceivable that a talking head may provide greater visual 
competition for graphic-based than for text-based slides, whose visual content is often also covered by the narration. Additionally, the 
study by Colliot and Jamet (2018) already revealed that a visible instructor had different effects for different types of learning content 
(e.g., graphic and spoken). Second, we vary the presentation type of the contents in our videos (i.e., whether contents appear 
sequentially or statically all at once). Since movement attracts attention (Abrams & Christ, 2003), a stepwise fade-in of the slide 
content may draw learners’ attention to the relevant learning contents (cf. signaling principle of the CTML, Mayer & Fiorella, 2014; 
van Gog, 2014). This may repeatedly direct individuals’ attention away from the talking head, thus reducing the talking head’s po-
tential distracting effect. We investigate the effects of these different design features on learning outcomes (i.e., factual knowledge) and 
learners’ ratings of the videos (e.g., perceived learning, satisfaction, CL, video selection). 

1.3.1. Hypotheses 
In a previous study (Sondermann & Merkt, 2022), in which we manipulated the presence of a talking head as a between factor, we 

found that the combination of talking head, graphic slides, and static presentation was perceived as particularly difficult. For perceived 
difficulty, we expected to replicate the emerging three-way interaction (Hypothesis 1), which should be reflected in an interaction 
between slide type and presentation type in the talking head conditions, but not in the conditions without talking head. 

Although no learning differences emerged in the previous study (Sondermann & Merkt, 2022), we expected the same interaction of 
talking head, slide type, and presentation type for learning outcomes (Hypothesis 2) for two reasons: First, because we now used free 
recall questions instead of multiple-choice questions, which should result in higher difficulty due to the need to retrieve the infor-
mation instead of just recognising them. Second, for theoretical reasons, because the talking head should be especially hindering to 
learning when it competes for attention with other visually relevant content, i.e., graphic slides (cf. split-attention principle, Ayres & 
Sweller, 2014), and when there are no features to direct learners’ attention back to the content (cf. signaling principle, van Gog, 2014). 

Since previous studies in which learners had a comparison between different formats demonstrated positive effects of instructor 
presence on subjective ratings (e.g., Wang & Antonenko, 2017; Wang, Antonenko, & Dawson, 2020), we expected higher ratings of 
perceived learning (Hypothesis 3), satisfaction (Hypothesis 4), and situational interest (Hypothesis 5) for videos with talking head than 
for videos without talking head. Regarding the selection task, based on the results of two unpublished pilot studies examining the same 
talking head and a similar slide design, we expected the talking head to have no effect on the selection of the preferred video format 
(Hypothesis 6). Also based on the pilot studies, we expected an effect of the slide type, with graphic slides being selected more 
frequently than text slides (Hypothesis 7). 

We recorded additional variables (social presence, professionalism) and CL measures (mental effort, extraneous, germane, and 
intrinsic CL) to identify explanatory mechanisms for potential effects of the talking head on learning outcomes and subjective ratings. 
Concerning these variables, we preregistered to explore the effects of talking head, slide type, and presentation type due to the het-
erogeneous findings of prior research (cf. Henderson & Schroeder, 2021). Hypotheses and corresponding analyses were preregistered 
on OSF (https://osf.io/sd54z/?view_only=43bab4086ffb45989b04f077a925627e). 

2. Method 

2.1. Participants and design 

We collected 127 complete data sets via Prolific. Based on preregistered exclusion criteria, we excluded 15 participants because 
they took notes on the videos (n = 11), used search engines (n = 5), or indicated technical problems (n = 2). The excluded cases do not 
add up to 15 because some participants met multiple exclusion criteria. Exclusions resulted in a final sample size of 112 participants 
(64 female, 43 male, 5 diverse, Mage = 26.88 years, SDage = 9.13), mostly indicating high school graduation (54%) or a university 
degree (38%) as their highest level of education. An a priori power analysis with G*Power 3.1.9.4 (Faul, Erdfelder, Lang, & Buchner, 
2007) suggested to collect N = 96 participants (ANOVA, repeated measures, within factors, α = 0.05, 1-β = 0.95, f = 0.12) to detect 
effects as small as the effects of talking head from previous studies in a within-subjects design. We used a 2x2x2-factorial design with 
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the three within factors talking head (present vs. absent), slide type (graphic vs. text), and presentation type (sequential vs. static), 
resulting in eight different video formats. 

2.2. Materials 

The learning materials consisted of eight short videos with narrated slides, each lasting about 1 min and each consisting of one 
slide. The videos covered factual information about two geographical (Burkina Faso, South Georgia and the South Sandwich Islands), 
two biological (Ficus lyrata, Blackcap), two physical (Radiocarbon dating, Foucault pendulum), and two historical topics (Wilhelmine 
Reichard, Rudolf Höß). For each topic, we produced eight content-equivalent formats systematically varying talking head (present vs. 
absent), slide type (graphic vs. text), and presentation type (sequential vs. static). The narration was identical within a topic across all 
formats. In videos with talking head, the instructor’s head was visible in the lower right corner of the video (see Fig. 1). In videos with 
sequential presentation, the slide content faded in gradually, whereas in static presentation it appeared all at once. We balanced 
between participants which video topic they watched in which format. Each participant watched a total of eight videos, one video on 
each topic and one video in each format. The topics were presented in two orders, whereas the video formats were balanced across 
positions, which resulted in 16 different sequences (with seven participants per sequence).1 

2.3. Measures 

2.3.1. Individual prerequisites 
Participants indicated their prior knowledge about the topics covered in the videos on a 7-point Likert scale ranging from 1 (no prior 

knowledge) to 7 (a lot of prior knowledge) with one question per topic (e.g., “How much do you know about the African country Burkina 
Faso?“). In addition, we asked for participants’ prior interest in the eight topics (e.g., “How interested are you in the African country 
Burkina Faso?“) on a 7-point Likert scale from 1 (not at all) to 7 (very interested). Depending on the participants‘ assignment to se-
quences, prior knowledge and interest ratings regarding the topics were assigned to the different conditions, to ensure comparability of 
prior knowledge between conditions independent of topics. 

2.3.2. Learning outcomes/knowledge test 
We assessed learning outcomes using a self-designed knowledge test with three open recall questions for each of the eight topics (24 

items in total). Answers reflected factual information presented on the slides and could be answered from all video versions. Two 
independent raters assessed the correctness of the responses using a coding scheme. Participants received 1 point for correct, 0.5 points 
for partially correct, and 0 points for wrong answers. Inter-rater agreement ranged from Cohen’s κ = 0.83 to κ = 1, indicating almost 
perfect agreement for all 24 items. Conflicts were resolved by the first author. 

2.3.3. Perceived difficulty 
After each video, learners rated how easy or difficult the video was to understand on a 7-point scale from 1 (extremely easy) to 7 

(extremely difficult) adapted from Kalyuga, Chandler, and Sweller (1999). 

2.3.4. Perceived learning, satisfaction, and situational interest 
Learners indicated how much they have learned from the video on a 7-point Likert scale from 1 (nothing at all) to 7 (a lot) (adapted 

from Kizilcec et al., 2015; Wang & Antonenko, 2017). Learners rated their satisfaction with the learning materials on a 7-point Likert 
scale ranging from 1 (very dissatisfied) to 7 (very satisfied) adapted from Wang and Antonenko (2017). We recorded situational interest 
with two items (e.g., “Right now I would like to know more about the topic.“) adapted from Rotgans and Schmidt (2017) on a 7-point 
Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree). The Spearman-Brown coefficient2 was ρ = 0.98.3 

2.3.5. Selection task 
We assessed learners’ selection behaviour by informing them at the end of the study that they would now watch another video 

(topic: sets of numbers). We asked participants to choose one of eight video formats varied before presented as GIFs (without audio 
track) in randomised order. We informed participants that content and audio track would be identical for all videos and counted how 
many individuals selected each format. 

2.3.6. Social presence 
We captured social presence with three items on a 7-point Likert scale from 1 (strongly disagree) to 7 (strongly agree). Two items (e.g., 

1 Due to a technical glitch, seven people were assigned to one sequence instead of six, so we decided to fill up all sequences to seven people to 
ensure perfect balancing which resulted in a total sample size of N = 112 participants. As soon as we noticed this glitch during data collection, we 
noted this modification at OSF in a wiki entry of the project.  

2 For scales with only two items, we used the Spearman-Brown coefficient instead of Cronbach’s alpha, because the former is more appropriate for 
determining reliability of two items (Eisinga, Grotenhuis, & Pelzer, 2013).  

3 Since our within-design provided eight values for each item, we first averaged these eight values and calculated reliabilities of the respective 
scales based on these mean values. 
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“I felt that the instructor was present.”) were taken from a questionnaire used by Kizilcec et al. (2015). We added a third item (“I felt 
like the instructor addressed me personally.”) from the PSI process scales (Schramm & Hartmann, 2008) already applied by Beege, 
Schneider, Nebel, and Rey (2017). Ratings for the three items were averaged to an overall score (Cronbach’s α = 0.95). 

2.3.7. Professionalism 
Participants rated the professionalism of the video on a 7-point Likert scale ranging from 1 (very unprofessional) to 7 (very pro-

fessional) adapted from Merkt, Lux, Hoogerheide, van Gog, and Schwan (2020). 

2.3.8. Mental effort 
After each video, learners indicated how exhausting it was to follow the video (adapted from Paas, 1992) on a 9-point Likert scale 

ranging from 1 (not at all exhausting) to 9 (extremely exhausting). 

2.3.9. Intrinsic, germane, and extraneous CL 
To capture the three different sources of CL, we used the scale of Klepsch, Schmitz, and Seufert (2017). Learners answered eight 

items on 7-point Likert scales from 1 (completely wrong) to 7 (absolutely right) with two items addressing intrinsic CL and three items 
each addressing germane and extraneous CL. Reliabilities were ρ = 0.92 for intrinsic, α = 0.78 for germane, and α = 0.89 for extraneous 
CL. 

2.4. Procedure 

The online experiment was conducted with LimeSurvey. We obtained participants’ informed consent and randomly assigned them 
to one of 16 balancing-sequences. First, participants indicated their prior knowledge and interest about the video contents. After a 
technical check (video and audio playback), all participants watched eight videos which started automatically and did not allow for 
user interactions (e.g., pause, replay). After each video, we assessed mental effort, perceived difficulty, situational interest, perceived 
learning, satisfaction, professionalism, CL, and social presence. After watching all eight videos, participants answered the knowledge 
test, which was followed by a question on learning preference,4 demographic questions, and control questions (e.g., use of search 
engines, note taking behaviour, technical problems). Finally, participants completed the selection task and were debriefed. The 

Fig. 1. Screenshots of graphic-based (top) and text-based (bottom) videos with (left) and without (right) talking head. The talking head was not 
blurred in the experiment. 

4 We assessed learning preferences using Verbal-Visual Learning Style Rating (Mayer & Massa, 2003). However, since this concept is critically 
discussed (e.g., Sinatra & Jacobsen, 2019) and we did not make any assumptions regarding this variable, we decided not to include it in our 
analyses. 
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procedure was approved by the local ethics committee. 

2.5. Analytical strategy 

We used repeated measures ANOVAs with the independent variables talking head, slide type, and presentation type. To explain 
potential interactions, we preregistered to calculate post-hoc tests with Bonferroni-correction. Further, we conducted exploratory 
mediation analyses to gain insights into explanatory mechanisms for observed effects. Data and scripts can be downloaded at OSF 
(https://osf.io/afnb8/?view_only=d1b698ba8427488ab3200d36c096fe83). 

3. Results 

A table with the descriptive results of the knowledge test, all rating scales, and the individual prerequisites can be found in the 
Appendix (Table A.1). 

3.1. Individual prerequisites 

For prior knowledge (M = 1.29, SD = 0.50), there were neither main effects of talking head, F(1, 111) = 3.05, p = .083, ηp
2 = 0.027, 

slide type, F < 1, and presentation type, F < 1, nor significant interactions, all F < 1. Also for prior interest (M = 2.73, SD = 1.18), there 
were neither main effects of talking head, F(1, 111) = 3.12, p = .080, ηp

2 = 0.027, slide type, F < 1, and presentation type, F(1, 111) =
1.77, p = .186, ηp

2 = 0.016, nor significant interactions, all F < 1.44, all p > .233. 

3.2. Preregistered confirmatory analyses 

3.2.1. Learning outcomes/knowledge test 
The ANOVA revealed higher knowledge values for videos without talking head (M = 1.31, SD = 0.55) compared to videos with 

talking head (M = 1.20, SD = 0.49), F(1, 111) = 4.47, p = .037, ηp
2 = 0.039. In addition, there were main effects of slide type, F(1, 111) 

= 7.81, p = .006, ηp
2 = 0.066, and presentation type, F(1, 111) = 4.44, p = .037, ηp

2 = 0.038. However, there was an interaction Slide 
Type x Presentation Type, F(1, 111) = 6.22, p = .014, ηp

2 = 0.053, which potentially qualifies the latter main effects. Remaining in-
teractions were not significant, all F < 1. Resolving the interaction Slide Type x Presentation Type, post-hoc comparisons for graphic- 
based videos revealed no differences between sequential and static presentation, F < 1. For text slides, comparisons indicated higher 
knowledge scores for static presentation (M = 1.30, SD = 0.71) compared to sequential presentation (M = 1.05, SD = 0.58), F(1, 111) 
= 11.67, p = .001, ηp

2 = 0.095. 

3.2.2. Perceived difficulty 
Learners perceived videos with talking head (M = 2.08, SD = 0.90) as less difficult than videos without talking head (M = 2.26, SD 

= 0.84), F(1, 111) = 6.46, p = .012, ηp
2 = 0.055. Further, ANOVA revealed higher difficulty ratings for static (M = 2.27, SD = 0.91) 

compared to sequential presentation (M = 2.08, SD = 0.90), F(1, 111) = 5.09, p = .026, ηp
2 = 0.044. Contrary to Hypothesis 1, there was 

no three-way interaction Instructor Presence x Slide Type x Presentation Type, F < 1. There were no other main effects and in-
teractions, all F < 1.63, all p > .204. 

3.2.3. Perceived learning 
In line with Hypothesis 3, learners indicated higher perceived learning for videos with talking head (M = 4.28, SD = 0.90) than for 

videos without talking head (M = 4.10, SD = 0.98), F(1, 111) = 9.56, p = .003, ηp
2 = 0.079. Further, there was a main effect of slide 

type, F(1, 111) = 18.24, p < .001, ηp
2 = 0.141, which is potentially qualified by the interaction Slide Type x Presentation Type, F(1, 

111) = 6.13, p = .015, ηp
2 = 0.052. There were no other main effects and interactions, all F < 1.65, all p > .201. When resolving the 

interaction Slide Type x Presentation Type, for graphic slides, post-hoc comparisons revealed higher perceived learning for sequential 
(M = 4.50, SD = 1.09) than for static presentation (M = 4.22, SD = 1.11), F(1, 111) = 7.88, p = .006, ηp

2 = 0.066. For text slides, there 
was no difference between sequential and static presentation, F < 1. 

3.2.4. Satisfaction 
In line with Hypothesis 4, videos with talking head (M = 4.15, SD = 1.14) yielded higher satisfaction ratings than videos without 

talking head (M = 3.75, SD = 1.17), F(1, 111) = 37.30, p < .001, ηp
2 = 0.252. In addition, the ANOVA revealed main effects of slide 

type, F(1, 111) = 32.24, p < .001, ηp
2 = 0.225, and presentation type, F(1, 111) = 15.01, p < .001, ηp

2 = 0.119, as well as an interaction 
Slide Type x Presentation Type, F(1, 111) = 9.24, p = .003, ηp

2 = 0.077. The remaining interactions were not significant, all F < 1.97, all 
p > .163. Resolving the interaction Slide Type x Presentation Type, for graphic slides, post-hoc comparisons revealed higher satis-
faction for sequential (M = 4.54, SD = 1.28) than for static presentation (M = 3.93, SD = 1.37), F(1, 111) = 23.76, p < .001, ηp

2 = 0.176. 
For text slides, there was no difference between sequential and static presentation, F < 1. 

3.2.5. Situational interest 
Contrary to Hypothesis 5, we did not find a main effect of talking head, F < 1. The ANOVA only revealed higher situational interest 

for graphic slides (M = 3.53, SD = 1.08) than text slides (M = 3.10, SD = 1.14), F(1, 111) = 35.67, p < .001, ηp
2 = 0.243. No main effect 
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of presentation type, F(1, 111) = 2.85, p = .094, ηp
2 = 0.025, and no interactions emerged, all F < 1.69, all p > .196. 

3.2.6. Selection task 
Descriptive results of the selection task can be found in the Appendix (Table A.2). Contrary to Hypothesis 6, learners descriptively 

selected videos with talking head (M = 0.65, SD = 0.48) more often than videos without talking head (M = 0.35, SD = 0.48), F(1,111) 
= 11.27, p = .001, ηp

2 = 0.092. In addition, there were main effects of slide type, F(1,111) = 24.98, p < .001, ηp
2 = 0.184, and pre-

sentation type, F(1,111) = 64.81, p < .001, ηp
2 = 0.369, which are potentially qualified by the interaction Slide Type x Presentation 

Type, F(1,111) = 16.23, p < .001, ηp
2 = 0.128. The remaining interactions were not significant, all F < 1.77, all p > .186. Resolving the 

interaction Slide Type x Presentation Type, post-hoc comparisons showed that for graphic slides, sequential presentation (M = 0.60, 
SD = 0.49) was selected more often than static presentation (M = 0.12, SD = 0.32), F(1,111) = 53.55, p < .001, ηp

2 = 0.325. For text 
slides, likewise, learners selected sequential presentation (M = 0.21, SD = 0.41) more often than static presentation (M = 0.08, SD =
0.27), F(1,111) = 6.42, p = .013, ηp

2 = 0.055. 

3.3. Exploratory analyses 

3.3.1. Social presence 
Analyses showed higher social presence ratings for videos with talking head (M = 3.31, SD = 1.46) than for videos without talking 

head (M = 2.23, SD = 1.18), F(1, 111) = 119.18, p < .001, ηp
2 = 0.518. Further, learners rated social presence higher for graphic slides 

(M = 2.81, SD = 1.25) than for text slides (M = 2.72, SD = 1.24), F(1, 111) = 4.61, p = .034, ηp
2 = 0.040, and higher for sequential 

presentation (M = 2.85, SD = 1.28) than for static presentation (M = 2.68, SD = 1.24), F(1, 111) = 9.12, p = .003, ηp
2 = 0.076. There 

were no interactions, all F < 1. 

3.3.2. Professionalism 
There were main effects of talking head, F(1, 111) = 74.62, p < .001, ηp

2 = 0.402, slide type, F(1, 111) = 39.22, p < .001, ηp
2 = 0.261, 

and presentation type, F(1, 111) = 34.66, p < .001, ηp
2 = 0.238. In addition, analyses showed interactions Talking Head x Slide Type, F 

(1, 111) = 7.23, p = .008, ηp
2 = 0.061, Slide Type x Presentation Type, F(1, 111) = 12.17, p = .001, ηp

2 = 0.099, and Talking Head x Slide 
Type x Presentation Type, F(1, 111) = 4.35, p = .039, ηp

2 = 0.038. The interaction Talking Head x Presentation Type was not significant, 
F < 1. 

For reasons of space, we only analysed whether the main effect of talking head is qualified by the reported three-way interaction, 
since we found an effect of talking head on professionalism in a previous study (Sondermann & Merkt, 2022). Post-hoc comparisons 
indicated no difference in professionalism between videos with and without talking head for graphic slides with sequential presen-
tation, F(1, 111) = 3.61, p = .060 ηp

2 = 0.032. However, higher professionalism ratings emerged for videos with talking head than for 
those without for conditions with graphic slides and static presentation, F(1, 111) = 21.01, p < .001, ηp

2 = 0.159, text slides and 
sequential presentation, F(1, 111) = 50.01, p < .001, ηp

2 = 0.311, and text slides and static presentation, F(1, 111) = 35.92, p < .001, ηp
2 

= 0.244. 

3.3.3. Mental effort 
Learners indicated higher mental effort for videos without talking head (M = 3.15, SD = 1.25) than for videos with talking head (M 

= 2.85, SD = 1.38), F(1, 111) = 9.60, p = .002, ηp
2 = 0.080. Further, analysis revealed higher mental effort for text slides (M = 3.15, SD 

= 1.57) than for graphic slides (M = 2.86, SD = 1.18), F(1, 111) = 4.87, p = .029, ηp
2 = 0.042, and for static presentation (M = 3.17, SD 

= 1.42) than for sequential presentation (M = 2.84, SD = 1.37), F(1, 111) = 6.40, p = .013, ηp
2 = 0.055. Interactions were not sig-

nificant, all F < 1.60, all p > .208. 

3.3.4. Intrinsic, germane, and extraneous CL 
Regarding intrinsic CL, analyses revealed no main effect of talking head, F < 1. However, there were main effects of slide type, F(1, 

111) = 13.28, p < .001, ηp
2 = 0.107, and presentation type, F(1, 111) = 4.85, p = .030, ηp

2 = 0.042. In addition, there was an interaction 
Slide Type x Presentation Type, F(1, 111) = 4.29, p = .041, ηp

2 = 0.037. Other interactions were not significant, all F < 3.53, all p >
.062. Resolving the interaction Slide Type x Presentation Type, for graphic slides, post-hoc comparisons revealed higher intrinsic load 
values for static (M = 3.14, SD = 1.32) than for sequential presentation (M = 2.76, SD = 1.23), F(1, 111) = 8.32, p = .005, ηp

2 = 0.070. 
For text slides, there was no difference between presentation types, F < 1. 

Concerning germane CL, we found higher ratings for videos with talking head (M = 4.54, SD = 1.02) than for those without (M =
4.44, SD = 1.11), F(1, 111) = 5.39, p = .022, ηp

2 = 0.046. Further, learners reported higher germane CL for graphic slides (M = 4.81, SD 
= 1.04) compared to text slides (M = 4.17, SD = 1.15), F(1, 111) = 95.58, p < .001, ηp

2 = 0.463, and for sequential presentation (M =
4.55, SD = 1.09) compared to static presentation (M = 4.43, SD = 1.06), F(1, 111) = 4.86, p = .030, ηp

2 = 0.042. There were no in-
teractions, all F < 3.35, all p > .069. 

Regarding extraneous CL, we found lower ratings for videos with talking head (M = 2.97, SD = 0.95) than for videos without 
talking head (M = 3.17, SD = 0.98), F(1, 111) = 6.45, p = .012, ηp

2 = 0.055. Further, there were main effects of slide type, F(1, 111) =
18.53, p < .001, ηp

2 = 0.143, and presentation type, F(1, 111) = 19.07, p < .001, ηp
2 = 0.147, as well as an interaction Slide Type x 

Presentation Type, F(1, 111) = 6.19, p = .014, ηp
2 = 0.053. Remaining interactions were not significant, all F < 1. Resolving the 

interaction Slide Type x Presentation Type, post-hoc comparisons for graphic slides indicated higher extraneous load for static pre-
sentation (M = 3.17, SD = 1.34) than for sequential presentation (M = 2.48, SD = 1.14), F(1, 111) = 18.18, p < .001, ηp

2 = 0.141, 
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whereas there was no significant difference for text slides, F(1, 111) = 2.99, p = .086, ηp
2 = 0.026. 

3.3.5. Mediation analyses 
To explore whether the observed effects of the talking head were mediated by different variables, we conducted mediation analyses 

using the MEMORE_2.1 macro in SPSS (Montoya & Hayes, 2017), which enables the estimation of mediation models in repeated 
measures designs. First, based on CTML (Mayer, 2014b), we tested whether the talking head effect on knowledge test performance was 
mediated by different indicators of CL (i.e., perceived difficulty, mental effort, and extraneous CL). Significant indirect effects were 
found for perceived difficulty, b = 0.04 [CI95%: 0.002, 0.091], mental effort, b = 0.04 [CI95%: 0.004, 0.110], and extraneous CL, b =
0.03 [CI95%: 0.001, 0.087]. The individual coefficients can be found in Fig. 2. Further, based on SAT (Mayer, 2014a), we tested 
whether the talking head effect on knowledge test performance was mediated by social presence. Whereas talking head was a sig-
nificant predictor for social presence (Path a), b = 1.08, t(111) = 10.92, p < .001, social presence was no significant predictor for 
knowledge test performance when controlling for the effect of the talking head (Path b), t < 1, implying that there was no mediation 
(see Fig. 3). Additionally, based on social-cue hypothesis (Colliot & Jamet, 2018), we aimed to explore whether social presence 
mediated the talking head effect on satisfaction. The mediation analysis showed a full mediation (see Fig. 3) with a significant indirect 
effect, b = 0.31 [CI95%: 0.175, 0.459]. 

4. Discussion 

We investigated the effects of talking heads on learning outcomes, subjective ratings, and selection behaviour, taking into account 
slide type and presentation type as potential moderators. The experiment provides important insights into the design of educational 
videos with regard to talking heads. Most importantly, our findings indicate that videos with talking head resulted in poorer learning 
outcomes than videos without talking head. Regarding self-report measures, however, we observed positive effects of the talking head 
on perceived learning, satisfaction, social presence, and germane CL. In addition, videos with talking head were preferred in the se-
lection task, and elicited lower ratings of perceived difficulty, mental effort, and extraneous CL, whereas there was no effect on 
situational interest. 

4.1. Effects of instructor presence 

With regard to learning outcomes, we found no three-way interaction of talking head, slide type, and presentation type (contrary to 
Hypothesis 2). Instead, videos with talking head led to lower performance in the knowledge test than videos without talking head 
independent of the other design features. This finding is in line with CLT and CTML (split-attention and coherence principle, Ayres & 
Sweller, 2014; Mayer & Fiorella, 2014), whereas it does not align with previous research, which mostly showed no effects (e.g., 

Fig. 2. Mediation models showing indirect effects of talking head on knowledge test performance including perceived difficulty (1), mental effort 
(2), or extraneous CL (3) as mediators. 
*p < .05. **p < .01. 
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Kizilcec et al., 2014; van Wermeskerken et al., 2018) or positive effects (e.g., Colliot & Jamet, 2018; Wang & Antonenko, 2017; Wang, 
Antonenko, & Dawson, 2020) of instructor presence on learning outcomes. A potential explanation for the learning losses might be that 
the speaking face distracted learners from the actual learning content, as previous research already demonstrated that learners spent a 
considerable amount of time looking at the instructor (e.g., Kizilcec et al., 2014). In our experiment, learners watched very short videos 
that conveyed a lot of information in a very short time. Hence, even small distractions could lead to learning losses. It is conceivable 
that in previous studies that did not identify negative effects (e.g., Kizilcec et al., 2014), the longer videos may have been characterised 
by reduced information density, so that learners were able to compensate for short distractions caused by the instructor. 

Although our experiment showed a negative effect of the talking head on learning, we could not identify moderators of this 
instructor presence effect, contrary to our expectations. One possible explanation for the missing moderation might include that the 
design characteristics which we additionally varied as independent variables (e.g., sequential fade-in of new content) were too weak to 
modulate the attention-drawing effects of the talking head in our experiment. However, it should be noted that there were interactions 
between slide type and presentation type independent of the talking head manipulation, so that it would not be appropriate to state 
that other video characteristics did not have an effect at all. Additionally, it is conceivable that potential differences between the 
conditions did not manifest in the measures we collected, as they were all recorded after the respective learning phase. In particular, it 
cannot be ruled out that there were different processes by which learners in the different conditions achieved the same result. This 
explanation could be validated, for example, by analysing participants’ gaze behaviour to investigate whether there were specific 
patterns for conditions with and without talking head depending on slide type and/or presentation type. 

Contrary to Hypothesis 1, there was no three-way interaction for perceived difficulty. Instead, participants perceived videos 
without talking head as more difficult than videos with talking head across different conditions. Correspondingly, they expressed lower 
mental effort and extraneous load for videos with talking head. These findings do not align with our findings on learning outcomes and 
theory. According to the coherence and split-attention principle, irrelevant elements in the learning material as well as split-attention 
caused by the instructor’s video should increase extraneous CL (Ayres & Sweller, 2014; Mayer & Fiorella, 2014). However, consistent 
with our findings, previous studies also reported lower extraneous load (Sondermann & Merkt, 2022; Wang, Antonenko, Keil, & 
Dawson, 2020) and mental effort (Kizilcec et al., 2015) for videos including an instructor. It is conceivable that lower ratings on various 
CL measures result from participants often looking at the face (Kizilcec et al., 2014) and presumably paying less attention to the actual 
learning content. Therefore, learners might be less able to assess its characteristics (e.g., its difficulty), whereas they are unlikely to 
perceive the instructor’s face itself as particularly difficult or cognitively demanding. Besides, the exploratory mediation analyses 
provided a deeper insight into the explanatory mechanisms for the instructor presence effect. These analyses showed indirect effects of 
the talking head on learning outcomes when including different indicators of CL (i.e., perceived difficulty, mental effort, extraneous 
CL) as mediators. The easier (or less effortful or less strenuous) the learners rated the videos with talking head compared to videos 
without talking head, the less hindering to learning the talking head was compared to videos without talking head. 

Corroborating Hypothesis 3, the talking head resulted in increased ratings of perceived learning in line with prior research (e.g., 
Kizilcec et al., 2015). When comparing the findings on perceived learning with those from the knowledge test, participants perceived 
to have learned better with videos including a talking head, whereas they actually performed worse with these videos. Hence, in this 
experiment, the talking head induced a knowledge illusion. 

Our results further provide evidence for Hypothesis 4 in that the talking head resulted in higher satisfaction ratings. These findings 
are in line with previous research in which participants had a comparison between formats with and without instructor (e.g., Wang & 
Antonenko, 2017). Results of our mediation analyses revealed that the higher ratings of satisfaction are mediated by higher ratings of 
social presence. Hence, our findings are also consistent with social-cue hypothesis (Colliot & Jamet, 2018), suggesting that social cues 
in the learning material positively affect aspects such as learners’ engagement and motivation. 

Further, in contrast to Hypothesis 6, but in line with the results of subjective rating scales, participants selected videos with talking 
head more frequently than videos without talking head, which aligns with previous research (Kizilcec et al., 2015; Wilson et al., 2018). 
However, contrary to Hypothesis 5, the talking head did not affect participants’ situational interest. This finding is consistent with the 
results of Colliot and Jamet (2018), but it does not fit with Wang, Antonenko, and Dawson (2020) and the social-cue hypothesis 

Fig. 3. Mediation models showing that social presence did not mediate the talking head effect on knowledge test performance (4), but fully 
mediated the talking head effect on satisfaction (5). 
*p < .05. ***p < .001. 
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(Colliot & Jamet, 2018). This missing effect cannot be explained by the talking head being too weak as a social cue, because there was a 
particularly large effect of the talking head on social presence. 

Further, videos with talking head elicited higher ratings of germane CL, which is in line with Mayer’s SAT (2014a) postulating that 
social cues (e.g., a visible instructor) can trigger social responses, that in turn lead to deeper processing. Contrary to SAT, we did not 
observe beneficial effects on learning outcomes resulting from deeper processing, but rather found detrimental effects on learning 
outcomes. However, it should be noted that learning-enhancing effects of deeper processing according to SAT (Mayer, 2014a) should 
be more apparent in higher order learning measures (i.e., transfer) and not in factual knowledge acquisition which was the scope of the 
current experiment. 

4.2. Effects of slide type and presentation type 

In contrast to Hypothesis 7, learners did not generally select graphic slides more frequently than text slides. Such a preference was 
only found for videos with sequential presentation. However, graphic slides increased situational interest compared to text slides. It is 
conceivable that the numerous images and illustrations on graphic slides increased interest. In addition, graphic slides led to higher 
social presence ratings, which may result from pictures (e.g., of people) that were part of the learning material. In addition, learners 
experienced less mental effort with graphic slides than with text slides, which could result from the fact that the information on graphic 
slides was presented via two codes (i.e., dual coding, Paivio, 1990). 

Regarding presentation type, learners rated perceived difficulty and mental effort lower for videos with sequential presentation 
compared to those with static presentation. These ratings fit the signaling principle (Mayer & Fiorella, 2014; van Gog, 2014), as 
sequential presentation provides learners with cues about where to shift their attention and how to organise the material, thus reducing 
the processing of extraneous material. However, these ratings are not reflected in the knowledge test results, as participants did not 
show better learning outcomes with sequentially presented content, in line with the results of a prior study (Sondermann & Merkt, 
2022). Further, learners preferred sequential presentation over static presentation in the selection task and expressed higher social 
presence ratings for sequential presentation. Possibly, this effect may be explained by participants’ attributions of the sequential 
presentation to an instructor advancing through the slides. 

Our results revealed a consistent interaction of slide type and presentation type for several measures (e.g., perceived learning, 
satisfaction, extraneous load). Videos with graphic slides induced higher ratings of perceived learning and satisfaction and lower 
ratings of extraneous and intrinsic load with sequentially presented content than with statically presented content. For text slides, there 
were no differences between static and sequential presentation on any of the measures mentioned above. This pattern of findings could 
be explained by the fact that in videos with graphic slides, order and organisation of the presented content were not obvious to the 
participants. Therefore, sequential presentation potentially guided them where to shift their attention by fading the content in step by 
step (cf. signaling principle, van Gog, 2014). The observation that there was no advantage of sequential presentation over static 
presentation for text slides may be explained by the clear reading direction of text slides (from left to right and from top to bottom). 
Thus, sequential presentation in text slides possibly did not offer a crucial advantage. 

4.3. Limitations and directions for future research 

The aforementioned findings should be interpreted in the light of some methodological choices: First, our knowledge test measured 
free recall of factual information and did not include higher order learning (i.e., transfer knowledge). Hence, our conclusions regarding 
learning outcomes refer to acquisition of factual knowledge and cannot be generalised to other learning measures. However, we 
focused on factual knowledge because a potential distraction by the talking head should affect learners’ extraction of factual infor-
mation from the learning materials (i.e., when learners do not attend to the actual slide contents but focus on the head instead). This 
extraction of factual information may also be important in more complex learning tasks, as it provides the prerequisites for deeper 
understanding (see CTML, Mayer, 2014b). 

Second, it is important to note that we recorded learning outcomes in the knowledge test with only three items per topic, although it 
would certainly have been beneficial to include even more questions per topic (e.g., to enable more variance in the answers). However, 
due to the short length of the videos, it was not possible to develop more than three appropriate questions. Nevertheless, it is important 
to consider that this limited number of questions per topic still produced sufficient variability to detect differences between the 
conditions, even though the observed effect was admittedly small. 

Third, it should be noted that we decided to use those rather short videos (about 1 min each) in order to examine videos on different 
topics. However, this methodological choice also implies that our findings cannot be generalised to all types of learning videos (e.g., 
videos of a 90-min lecture) without further research. 

Further research is also needed regarding the observed learning-impeding effect of the instructor, because we were not able to 
capture participants’ eye movements in this online experiment. To understand why participants’ learning performance decreased with 
videos including a talking head, even though they rated these videos as more positive and less challenging, future studies should use 
eye-tracking to determine learners’ gaze behaviour. This would allow inferences on whether poorer learning outcomes are associated 
with increased visual attention on the talking head and whether there are associations between attention on the talking head and 
various CL measures. 
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4.4. Implications and conclusion 

This experiment offers numerous implications for the design of educational videos. Inserting the instructor resulted in better ratings 
of the videos. Learners reported higher satisfaction, better perceived learning, higher social presence, and lower CL, and were more 
likely to select these videos. Hence, according to our results, designers of educational videos who aim to increase the popularity of their 
videos can achieve this by integrating a talking head. However, it should be kept in mind that the integration of the talking head may 
come at the expense of learning outcomes. More specifically, the results of our knowledge test suggest that the visible instructor can 
have a small detrimental effect on learning. Accordingly, the decision whether to include a talking head in educational videos may 
involve a trade-off between desired popularity and educational use, while it is also important not to neglect indirect effects of sub-
jective ratings on learning outcomes. For example, in free-choice learning situations, positive ratings may be a precondition for 
watching videos in the first place. Our findings also imply that when learners are given a choice between video formats, they do not 
necessarily choose formats with which they learn best. Thus, participants in our study selected videos with instructor more often, even 
though learning was worse with them. Further, the interplay of slide type and presentation type observed consistently across different 
measures (e.g., satisfaction, perceived learning), suggests that the combination of graphic slides and sequential presentation leads to 
particularly positive results. Hence, this format can be recommended for the design of educational videos. 
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Appendix  

Table A.1 
Means (and Standard Deviations in Parentheses) for the Knowledge Test and Rating Scales  

Condition 

Instructor Slide 
type 

Presentation 
type 

KT PD PL SAT SI SP PRO ME ICL GCL ECL PK PI 

Present Graphic Sequential 1.30 
(0.95) 

1.88 
(1.11) 

4.60 
(1.25) 

4.73 
(1.52) 

3.63 
(1.67) 

3.44 
(1.55) 

4.52 
(1.46) 

2.46 
(1.72) 

2.60 
(1.42) 

4.91 
(1.24) 

2.37 
(1.31) 

1.33 
(0.95) 

2.63 
(1.55) 

Static 1.26 
(0.82) 

2.23 
(1.37) 

4.33 
(1.30) 

4.04 
(1.58) 

3.33 
(1.70) 

3.24 
(1.55) 

3.96 
(1.51) 

3.02 
(1.99) 

3.21 
(1.62) 

4.75 
(1.15) 

3.11 
(1.58) 

1.24 
(0.74) 

2.71 
(1.63) 

Overall 1.28 
(0.64) 

2.06 
(1.02) 

4.46 
(1.01) 

4.39 
(1.28) 

3.48 
(1.30) 

3.34 
(1.48) 

4.24 
(1.33) 

2.74 
(1.48) 

2.91 
(1.26) 

4.83 
(1.08) 

2.74 
(1.07) 

1.29 
(0.74) 

2.67 
(1.38) 

Text Sequential 1.03 
(0.79) 

2.01 
(1.16) 

4.07 
(1.34) 

4.00 
(1.58) 

3.26 
(1.64) 

3.35 
(1.55) 

4.04 
(1.46) 

2.83 
(1.98) 

2.65 
(1.62) 

4.30 
(1.29) 

3.08 
(1.57) 

1.21 
(0.64) 

2.65 
(1.69) 

Static 1.20 
(0.88) 

2.21 
(1.37) 

4.13 
(1.37) 

3.84 
(1.57) 

3.07 
(1.60) 

3.20 
(1.56) 

3.75 
(1.42) 

3.10 
(2.25) 

2.70 
(1.44) 

4.21 
(1.24) 

3.33 
(1.50) 

1.21 
(0.69) 

2.60 
(1.66) 

Overall 1.12 
(0.66) 

2.11 
(1.03) 

4.10 
(1.09) 

3.92 
(1.30) 

3.17 
(1.29) 

3.27 
(1.50) 

3.89 
(1.27) 

2.96 
(1.75) 

2.67 
(1.34) 

4.25 
(1.15) 

3.20 
(1.31) 

1.21 
(0.51) 

2.63 
(1.46) 

Overall Sequential 1.17 
(0.64) 

1.95 
(0.94) 

4.33 
(1.03) 

4.37 
(1.29) 

3.45 
(1.39) 

3.39 
(1.50) 

4.28 
(1.26) 

2.64 
(1.49) 

2.63 
(1.33) 

4.61 
(1.13) 

2.72 
(1.16) 

1.27 
(0.63) 

2.64 
(1.43) 

Static 1.23 
(0.62) 

2.22 
(1.12) 

4.23 
(1.12) 

3.94 
(1.32) 

3.20 
(1.38) 

3.22 
(1.50) 

3.86 
(1.27) 

3.06 
(1.78) 

3.00 
(1.23) 

4.48 
(1.04) 

3.22 
(1.14) 

1.22 
(0.64) 

2.65 
(1.44) 

Overall 1.20 
(0.49) 

2.08 
(0.90) 

4.28 
(0.90) 

4.15 
(1.14) 

3.33 
(1.12) 

3.31 
(1.46) 

4.07 
(1.19) 

2.85 
(1.38) 

2.79 
(1.14) 

4.54 
(1.02) 

2.97 
(0.95) 

1.25 
(0.56) 

2.65 
(1.29) 

Absent Graphic Sequential 1.39 
(0.87) 

2.13 
(1.36) 

4.39 
(1.34) 

4.34 
(1.55) 

3.71 
(1.63) 

2.38 
(1.45) 

4.27 
(1.43) 

2.77 
(1.96) 

2.91 
(1.50) 

4.92 
(1.16) 

2.59 
(1.46) 

1.35 
(0.85) 

2.73 
(1.52) 

Static 1.39 
(0.92) 

2.30 
(1.20) 

4.11 
(1.33) 

3.82 
(1.60) 

3.44 
(1.67) 

2.18 
(1.24) 

3.38 
(1.51) 

3.20 
(2.04) 

3.06 
(1.53) 

4.66 
(1.27) 

3.23 
(1.69) 

1.32 
(0.83) 

2.92 
(1.77) 

Overall 1.39 
(0.70) 

2.22 
(0.99) 

4.25 
(1.15) 

4.08 
(1.27) 

3.57 
(1.23) 

2.28 
(1.25) 

3.83 
(1.24) 

2.98 
(1.39) 

2.99 
(1.23) 

4.79 
(1.12) 

2.91 
(1.13) 

1.33 
(0.64) 

2.83 
(1.41) 

(continued on next page) 
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Table A.1 (continued ) 

Condition 

Instructor Slide 
type 

Presentation 
type 

KT PD PL SAT SI SP PRO ME ICL GCL ECL PK PI 

Text Sequential 1.08 
(0.79) 

2.29 
(1.45) 

3.90 
(1.27) 

3.42 
(1.60) 

2.96 
(1.57) 

2.23 
(1.35) 

3.20 
(1.56) 

3.29 
(2.14) 

2.61 
(1.61) 

4.06 
(1.39) 

3.34 
(1.65) 

1.31 
(0.85) 

2.66 
(1.57) 

Static 1.40 
(0.94) 

2.31 
(1.32) 

4.02 
(1.37) 

3.42 
(1.66) 

3.10 
(1.80) 

2.11 
(1.30) 

3.09 
(1.43) 

3.36 
(2.14) 

2.59 
(1.44) 

4.12 
(1.34) 

3.50 
(1.62) 

1.35 
(0.95) 

2.91 
(1.68) 

Overall 1.24 
(0.67) 

2.30 
(1.08) 

3.96 
(1.07) 

3.42 
(1.42) 

3.03 
(1.35) 

2.17 
(1.19) 

3.14 
(1.33) 

3.33 
(1.67) 

2.60 
(1.27) 

4.09 
(1.27) 

3.42 
(1.31) 

1.33 
(0.70) 

2.79 
(1.38) 

Overall Sequential 1.23 
(0.64) 

2.21 
(1.13) 

4.15 
(1.11) 

3.88 
(1.27) 

3.33 
(1.34) 

2.31 
(1.29) 

3.73 
(1.28) 

3.03 
(1.63) 

2.76 
(1.32) 

4.49 
(1.13) 

2.97 
(1.23) 

1.33 
(0.71) 

2.70 
(1.32) 

Static 1.39 
(0.71) 

2.31 
(0.97) 

4.06 
(1.23) 

3.62 
(1.37) 

3.27 
(1.43) 

2.15 
(1.19) 

3.24 
(1.27) 

3.28 
(1.56) 

2.83 
(1.21) 

4.39 
(1.20) 

3.37 
(1.26) 

1.33 
(0.67) 

2.92 
(1.51) 

Overall 1.31 
(0.55) 

2.26 
(0.84) 

4.10 
(0.98) 

3.75 
(1.17) 

3.30 
(1.14) 

2.23 
(1.18) 

3.48 
(1.15) 

3.15 
(1.25) 

2.79 
(1.10) 

4.44 
(1.11) 

3.17 
(0.98) 

1.33 
(0.56) 

2.81 
(1.25) 

Overall Graphic Sequential 1.34 
(0.69) 

2.01 
(0.97) 

4.50 
(1.09) 

4.54 
(1.28) 

3.67 
(1.26) 

2.91 
(1.35) 

4.39 
(1.27) 

2.61 
(1.53) 

2.76 
(1.23) 

4.92 
(1.09) 

2.48 
(1.14) 

1.34 
(0.71) 

2.68 
(1.25) 

Static 1.33 
(0.67) 

2.27 
(1.08) 

4.22 
(1.11) 

3.93 
(1.37) 

3.39 
(1.35) 

2.71 
(1.26) 

3.67 
(1.36) 

3.11 
(1.56) 

3.14 
(1.32) 

4.71 
(1.11) 

3.17 
(1.34) 

1.28 
(0.65) 

2.81 
(1.46) 

Overall 1.33 
(0.54) 

2.14 
(0.84) 

4.36 
(0.97) 

4.23 
(1.15) 

3.53 
(1.08) 

2.81 
(1.25) 

4.03 
(1.17) 

2.86 
(1.18) 

2.95 
(1.07) 

4.81 
(1.04) 

2.82 
(0.90) 

1.31 
(0.59) 

2.75 
(1.20) 

Text Sequential 1.05 
(0.58) 

2.15 
(1.12) 

3.99 
(1.13) 

3.71 
(1.45) 

3.11 
(1.29) 

2.79 
(1.31) 

3.62 
(1.38) 

3.06 
(1.74) 

2.63 
(1.40) 

4.18 
(1.26) 

3.21 
(1.37) 

1.26 
(0.57) 

2.66 
(1.35) 

Static 1.30 
(0.71) 

2.26 
(1.13) 

4.07 
(1.16) 

3.63 
(1.43) 

3.09 
(1.38) 

2.66 
(1.29) 

3.42 
(1.30) 

3.23 
(1.95) 

2.65 
(1.31) 

4.16 
(1.18) 

3.41 
(1.32) 

1.28 
(0.65) 

2.75 
(1.43) 

Overall 1.18 
(0.52) 

2.21 
(0.93) 

4.03 
(0.98) 

3.67 
(1.29) 

3.10 
(1.14) 

2.72 
(1.24) 

3.52 
(1.22) 

3.15 
(1.57) 

2.64 
(1.20) 

4.17 
(1.15) 

3.31 
(1.19) 

1.27 
(0.50) 

2.71 
(1.23) 

Overall Sequential 1.20 
(0.51) 

2.08 
(0.90) 

4.24 
(0.96) 

4.12 
(1.17) 

3.39 
(1.11) 

2.85 
(1.28) 

4.00 
(1.19) 

2.84 
(1.37) 

2.69 
(1.19) 

4.55 
(1.09) 

2.84 
(1.03) 

1.30 
(0.56) 

2.67 
(1.19) 

Static 1.31 
(0.54) 

2.27 
(0.91) 

4.15 
(0.98) 

3.78 
(1.22) 

3.24 
(1.18) 

2.68 
(1.24) 

3.55 
(1.19) 

3.17 
(1.42) 

2.89 
(1.11) 

4.43 
(1.06) 

3.29 
(1.02) 

1.28 
(0.55) 

2.78 
(1.33) 

Overall 1.26 
(0.44) 

2.17 
(0.79) 

4.19 
(0.89) 

3.95 
(1.10) 

3.31 
(1.04) 

2.77 
(1.22) 

3.78 
(1.11) 

3.00 
(1.21) 

2.79 
(1.04) 

4.49 
(1.04) 

3.07 
(0.87) 

1.29 
(0.50) 

2.73 
(1.18) 

Note. KT = knowledge test; PD = perceived difficulty; PL = perceived learning; SAT = satisfaction; SI = situational interest; SP = social presence; PRO 
= professionalism; ME = mental effort; ICL = intrinsic cognitive load; GCL = germane cognitive load; ECL = extraneous cognitive load; PK = prior 
knowledge; PI = prior interest.  

Table A.2 
Means and Standard Deviations of the Selection Frequencies for the Selection Task  

Talking head Slide type Presentation type M SD 

Present Graphic Sequential 0.37 0.48 
Static 0.09 0.29 
Overall 0.46 0.50 

Text Sequential 0.14 0.35 
Static 0.05 0.23 
Overall 0.20 0.40 

Overall Sequential 0.51 0.50 
Static 0.14 0.35 
Overall 0.65 0.48 

Absent Graphic Sequential 0.23 0.42 
Static 0.03 0.16 
Overall 0.26 0.44 

Text Sequential 0.06 0.24 
Static 0.03 0.16 
Overall 0.09 0.29 

Overall Sequential 0.29 0.46 
Static 0.05 0.23 
Overall 0.35 0.48 

Overall Graphic Sequential 0.60 0.49 
Static 0.12 0.32 
Overall 0.71 0.45 

Text Sequential 0.21 0.41 
Static 0.08 0.27 
Overall 0.29 0.45 

Overall Sequential 0.80 0.40 
Static 0.20 0.40 
Overall 1.00 0.00  
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