
Can Cueing Improve Orientation in VR? 

The Influence of Cueing on Learning, Search Times, 

Mental Representation, and Presence 

 

 

 

 

 

 

Dissertation 

der Mathematisch-Naturwissenschaftlichen Fakultät 

der Eberhard Karls Universität Tübingen 

zur Erlangung des Grades eines  

Doktors der Naturwissenschaften  

(Dr. rer. nat.) 

 

 

 

 

 

 

vorgelegt von 

Daniela Katharina Erika Decker 

aus Bad Honnef 

  

 

 

 

Tübingen 

2025 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gedruckt mit Genehmigung der Mathematisch-Naturwissenschaftlichen Fakultät der 

Eberhard Karls Universität Tübingen. 

 

 

Tag der mündlichen Qualifikation:  16.06.2025 

Dekan: Prof. Dr. Thilo Stehle 

1. Berichterstatter/-in: Prof. Dr. Markus Huff 

2. Berichterstatter/-in: Prof. Dr. Hannes Schröter 



Danksagung | 3 

Danksagung 

Ich möchte diese Gelegenheit nutzen, mich bei einigen Personen zu bedanken, die 

mich in den letzten Jahren bei der Erstellung dieser Arbeit sehr unterstützt haben. Mein 

besonderer Dank gilt Martin, der mich von Anfang an begleitet und unterstützt hat, mir 

außerdem ermöglicht hat, mein Wunschthema mit Virtual Reality zu bearbeiten, und bereit 

war, sich mit mir all den Herausforderungen zu stellen, die dieser Bereich mit sich brachte. 

Ich weiß deine Unterstützung, ohne die diese Arbeit nicht möglich gewesen wäre, sehr zu 

schätzen. Ich durfte in diesen Jahren viel von dir lernen und hoffe, dass du genauso viel 

Freude an dieser Zusammenarbeit hattest wie ich. 

Außerdem möchte ich mich bei Markus Huff und Hannes Schröter sowohl für die 

Unterstützung bei der Erstellung dieser Arbeit als auch für ihre Begutachtung dieser Arbeit 

bedanken. Weiterhin gilt mein Dank all meinen lieben ehemaligen Kolleginnen und Kollegen 

am DIE sowie meinem neuen Team an der Uni Bonn für die vielfältige Unterstützung, die mir 

zuteilwurde. 

Besonders möchte ich mich bei Marcus Horn und Sebastian Haupt bedanken, die mich 

bei der Programmierung der VR-Umgebungen unermüdlich unterstützt haben. Ohne euch 

wären weder die VR-Umgebung noch das Design meines Pedagogical Agent möglich 

gewesen! Ebenso danke ich Freya Peez und Volker Schiemann, die mich maßgeblich bei der 

Suche nach Studienteilnehmenden unterstützt haben. Ein herzlicher Dank geht natürlich auch 

an all meine weiteren Freundinnen und Freunde für eure Geduld mit mir und eure 

Unterstützung. 

Ebenfalls bedanken möchte ich mich bei meinen Eltern und Jan, die mich auf diesem 

Weg begleitet, unterstützt und mir so oft den Rücken freigehalten haben. Ohne euch wäre ich 

nicht, wo ich heute bin. Vielen Dank! 

*** 

  



Danksagung | 4 

 



Table of Contents | 5 

Table of Contents 

Summary ................................................................................................................................... 7

Zusammenfassung .................................................................................................................... 9

List of Publications Included in the Dissertation ................................................................ 11

a) Accepted Publications ...................................................................................................... 11

1 General Introduction .......................................................................................................... 12

1.1 Learning in VR Learning Environments ........................................................................ 13

1.2 Cognitive and Social Learning Theories ........................................................................ 14

1.3 Comparing Desktop-VR and HMD-VR ......................................................................... 17

1.4 Attention Guidance in VR .............................................................................................. 18

1.4.1 Cueing in VR ......................................................................................................... 19

1.4.2 Cueing in Dual-Tasks ............................................................................................. 23

1.4.3 Pedagogical Agents ................................................................................................ 27

1.4.4 Function of Pedagogical Agents ............................................................................ 29

1.4.5 Mental Representation ........................................................................................... 30

1.5 Additional Design Considerations .................................................................................. 32

1.5.1 Design and Clothing of Pedagogical Agents ......................................................... 32

1.5.2 Setting………... ..................................................................................................... 34

2 Dissertation Overview ......................................................................................................... 37

2.1 Experiment 1 .................................................................................................................. 41

2.2 Experiment 2.1 ............................................................................................................... 44

2.3 Experiment 2.2 ............................................................................................................... 49

2.4 Experiment 3 .................................................................................................................. 51

3 Discussion ............................................................................................................................. 57

3.1 Cueing in (desktop-) VR: Search Times ......................................................................... 57

3.2 Cueing in (desktop-) VR: Learning Outcomes ............................................................... 58



Table of Contents | 6 

3.3 Cueing in (desktop-) VR: Mental Spatial Representation .............................................. 63

3.4 Limitations and Directions for Future Research ............................................................ 66

3.5 Conclusion ...................................................................................................................... 71

4 References ............................................................................................................................ 73

Appendix A.............................................................................................................................. 94

Manuscript 1 ......................................................................................................................... 94

Appendix B............................................................................................................................ 107

Manuscript 2 ....................................................................................................................... 107

Appendix C ........................................................................................................................... 126

Manuscript 3 ....................................................................................................................... 126

 

 



Summary | 7 

 

Summary 

Virtual reality (VR) offers considerable potential for learning by providing possibilities 

to safely and repeatedly practice educational scenarios (Arnaldi et al., 2018). However, VR 

can present learners with various challenges, such as how they should orient themselves in 

such an environment (Makransky & Petersen, 2021). Since they are surrounded by the virtual 

environment, they have to choose their viewing direction themselves. Therefore, learners only 

perceive their chosen field of view, leading to important content possibly being outside their 

current field of view. Moreover, in addition to this challenge, learners might also be 

confronted with a <dual-tasking= situation in the form of further educational content (A. D. 

Bender et al., 2017).  

Consequently, the design of VR environments should facilitate orientation, for example, 

by cueing. This dissertation consists of four pre-registered experiments dealing with craft 

content in a virtual workshop setting. Experiment 1 (between-subject, n = 200) was used to 

assess both the credibility and appropriateness of the workshop setting used for the (desktop-) 

VR environments and of the so-called <pedagogical agent= used in the head-mounted display 

(HMD)-VR environment in Experiment 3. Learning, the perceived expertise of the agent, and 

the professionalism of the video were additionally investigated. In the following three 

experiments, I investigated the effects of different cueing methods on orientation and learning. 

Experiment 2.1 (within-subject design, n = 60) and Experiment 2.2 (between-subject design, 

n = 159), both of which were conducted online and published in one manuscript, compared 

light and movement cues to a condition without cues in a desktop-VR environment. The result 

was a consistent reduction in search times for the movement cue, which, however, entailed a 

reduction in presence in Experiment 2.2. The light cue reduced search times in the between-

subject design in Experiment 2.2 when the type of cue was predictable, did not reduce 

presence and supported learning. Thus, in Experiment 3 (between-subject, n = 91), my 

intention was to test a cueing method that guided attention naturally without reducing 
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presence. Therefore, I compared the effects of cueing provided by a pedagogical agent’s 

position and occasional gaze shifts to both a condition with light cueing and to a condition 

without cueing. Experiment 3 was a laboratory experiment with an immersive VR 

environment using an HMD. Both of the cueing methods in Experiment 3 reduced search 

times, but neither supported learning. The fact that the light cue supported learning in 

Experiment 2.2 but not in Experiment 3 could possibly indicate that HMD-VR is more 

challenging than desktop-VR. Additionally, the pedagogical agent may have been 

unsuccessful because it reduced presence. In summary, it's crucial to address user 

disorientation to fully exploit the potential of VR learning environments. My experiments 

showed that while various cueing methods can reduce search times, their effectiveness on 

learning outcomes varied. Light cues proved beneficial in predictable desktop-VR scenarios 

but not in HMD-VR settings, hinting at a need to develop new cueing methods. 
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Zusammenfassung 

Virtual Reality (VR) bietet erhebliches Potenzial für das Lernen, indem es die 

Möglichkeit bietet, Bildungsszenarien sicher und wiederholt zu üben (Arnaldi et al., 2018). 

Allerdings kann eine VR-Lernumgebung für Lernende verschiedene Herausforderungen mit 

sich bringen, wie zum Beispiel sich zu orientieren (Makransky & Petersen, 2021). Da sie von 

der virtuellen Szenerie umgeben sind, müssen sie ihre Blickrichtung selbst wählen. Folglich 

nehmen die Lernenden nur den ausgewählten Bildausschnitt wahr, wodurch wichtige Inhalte 

möglicherweise außerhalb ihres aktuellen Sichtfeldes liegen könnten. Darüber hinaus werden 

die Lernenden neben der Orientierung möglicherweise auch mit weiteren Lerninhalten 

konfrontiert, was eine herausfordernde Dual-Task-Situation darstellt (A. D. Bender et al., 

2017). 

Daher sollte das Design von VR-Umgebungen die Orientierung erleichtern, 

beispielsweise durch Cueing (Bereitstellung von Hinweisen). Diese Dissertation besteht aus 

vier pre-registrierten Experimenten, die sich mit handwerklichen Inhalten in einem virtuellen 

Werkstattsetting befassen. Experiment 1 (Between-Subject-Design, n = 200) wurde 

verwendet, um die Glaubwürdigkeit und Angemessenheit dieses Werkstattsettings für die 

nachfolgenden (Desktop-) VR-Experimente sowie die Angemessenheit des sogenannten 

Pedagogical Agent (ein virtueller Instruktor), der in Experiment 3 verwendet werden sollte, 

sicherzustellen. Zusätzlich wurden das Lernen, die wahrgenommene Expertise des 

Pedagogical Agent und die Professionalität des Videos untersucht. In den nachfolgenden drei 

Experimenten untersuchte ich die Auswirkungen verschiedener Cueing-Methoden auf 

Orientierung und Lernen. Experiment 2.1 (Within-Subject-Design, n = 60) und Experiment 

2.2 (Between-Subject-Design, n = 159), die beide online durchgeführt und im zweiten 

Manuskript veröffentlicht wurden, verglichen Licht- und Bewegungs-Cues mit einer 

Bedingung ohne Cues in einer Desktop-VR-Umgebung. Es zeigte sich eine konsistente 

Reduktion der Suchzeiten für den Bewegungs-Cue, der jedoch in Experiment 2.2 mit einer 
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Reduktion der Presence einherging. Der Licht-Cue reduzierte die Suchzeiten nur im Between-

Subject-Design in Experiment 2.2, wo der nächstfolgende Cue vorhersehbar war, reduzierte 

allerdings nicht die Presence und unterstützte das Lernen. 

In Experiment 3 (Between-Subject-Design, n = 91) beabsichtigte ich daher eine Cueing-

Methode zu testen, die die Aufmerksamkeit automatisch lenkt, ohne die Presence zu 

reduzieren. Ich verglich daher die Effekte von Cueing, das durch die Position und 

gelegentliche Blickwechsel eines Pedagogical Agent vermittelt wurde, mit einer Bedingung 

mit Licht-Cues und einer Bedingung ohne Cueing in einer VR-Umgebung unter Verwendung 

eines Head-Mounted-Displays (HMD) im Rahmen einer Laborstudie. Beide Cueing-

Methoden in Experiment 3 reduzierten die Suchzeiten, jedoch unterstützte keine den 

Lernerfolg. Die Tatsache, dass der Licht-Cue in Experiment 2.2 das Lernen unterstützte, 

jedoch nicht in Experiment 3, könnte darauf hindeuten, dass HMD-VR herausfordernder ist 

als Desktop-VR. Darüber hinaus könnte der Pedagogical Agent erfolglos geblieben sein, da er 

die wahrgenommene Präsenz reduziert hat. 

Zusammenfassend ist es entscheidend, die Desorientierung der Lernenden zu 

adressieren, um das volle Potenzial von VR-Lernumgebungen auszuschöpfen. Meine 

Experimente zeigten, dass verschiedene Cueing-Methoden zwar die Suchzeiten reduzieren 

können, ihre Wirksamkeit auf Lernen jedoch variiert. Licht-Cues erwiesen sich in 

vorhersehbaren Desktop-VR-Szenarien als vorteilhaft, jedoch nicht in HMD-VR-

Umgebungen, was darauf hindeuten könnte, dass die Entwicklung neuer Cueing-Methoden 

nötig sein könnte. 
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1 General Introduction 

Virtual reality (VR), defined as a computer-generated environment (Ardiny & 

Khanmirza, 2018), simulating real-world or imaginary scenarios (Mikropoulos & Natsis, 

2011), offers numerous educational possibilities (Arnaldi et al., 2018). One of the greatest 

advantages of VR in a training context is that it offers the possibility of safely and repeatedly 

practising learning scenarios, while reducing instructor costs (Arnaldi et al., 2018). However, 

VR might also challenge learners’ orientation skills, especially in a 360° environment, 

because learners need to find the most important content themselves (Makransky et al., 2021). 

Thus, supporting orientation could be crucial for successful learning in VR.  

Therefore, in this dissertation, I conducted four experiments. Experiment 1 was used to 

ensure the thematic appropriateness of the design of the setting for all upcoming (desktop-) 

VR experiments and the pedagogical agent for Experiment 3. The Experiments 2.1, 2.2 and 3 

tested three cueing methods: cueing with light; cueing with movement; and cueing using the 

position and gaze shift of a pedagogical agent. The first two cueing experiments (2.1 and 2.2) 

compared the use of movement and light cues to a control group without cueing in a desktop-

VR learning environment. Experiment 2.1 varied the independent variable cueing within 

subjects, and Experiment 2.2 varied the cueing between subjects. The third experiment 

compared cueing with the light cue, cueing provided by a pedagogical agent, and a control 

group without cueing in a HMD-VR environment using a between-subject design. All the 

cueing experiments (2.1, 2.2 & 3) dealt with the effects of these different cueing methods on 

the dependent variables search times and learning. Moreover, Experiments 2.1 and 3 

investigated the effects on mental spatial representation as an additional focus, while 

Experiments 2.2 and 3 additionally examined the effects on presence and cognitive load.  

The theoretical background regarding learning in VR, cueing, and pedagogical agents is 

presented in the next sections. Since Experiment 1 tested the design of the setting and the 
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thematic appropriateness of pedagogical agent's clothing, the theoretical background 

regarding those variables is also presented.  

1.1 Learning in VR Learning Environments 

Learning with VR can take place either on a PC (desktop-VR) or using a head-mounted 

display (HMD), which is characterised by a screen directly in front of the eyes (Buttussi & 

Chittaro, 2018). As the hardware required for the development and use of both systems has 

become more affordable (Parong & Mayer, 2018; Radianti et al., 2020), both systems have 

also become increasingly interesting for educational purposes. The most notable differences 

between the systems are that HMDs exclude visual input from the external environment, offer 

a larger field of view with stereoscopic vision, and precise controller tracking, whereas with 

desktop-VR the environment is displayed on a computer screen and thus has a smaller field of 

view, and the environment is controlled with the computer control elements (e.g., the 

keyboard) (Fromm, 2023).  

The advantages of both VR systems share many similarities. Particularly in areas of 

training that are dangerous or costly in realistic conditions, VR offers the possibility of 

repeatedly practising training scenarios safely and economically. Thus, recreating those 

scenarios in VR may reduce risks and costs (Arnaldi et al., 2018; Renganayagalu et al., 2021). 

Furthermore, VR training scenarios often require learners to participate actively (Conrad et 

al., 2024), directly receiving feedback (Makransky et al., 2020; Mikropoulos & Natsis, 2011), 

which then possibly encourages the selection and integration of information (Araiza-Alba et 

al., 2021). Moreover, recent research implies that learners are more intrinsically motivated 

(Cheng & Tsai, 2019; Makransky & Lilleholt, 2018; Olmos-Raya et al., 2018) and enjoy 

learning with VR (O. A. Meyer et al., 2019).  

However, when designing VR learning materials, certain aspects need to be considered. 

Because learners are surrounded by a virtual environment, finding relevant content might be 

more challenging (Makransky et al., 2021), and the guidance of attention could be a more 
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crucial factor than when using conventional learning material. Several media learning theories 

have explored the challenges and considerations involved in designing learning materials, 

such as instructional videos and virtual reality environments. These theories offer valuable 

insights and guidance on how to optimize the design of VR educational content. The main 

theories are briefly presented in the next section. 

1.2 Cognitive and Social Learning Theories 

According to cognitive load theory (CLT; Sweller et al., 1998), cognitive resources in 

working memory are limited, in contrast to the almost unlimited long-term memory capacity. 

According to CLT, there are three types of cognitive load: intrinsic, extraneous, and germane 

(Sweller et al., 1998). While intrinsic load depends on the task's complexity and the learners’ 

prior knowledge, germane load corresponds to the effort the learners invest in constructing 

schemas. Extraneous cognitive load, however, occurs whenever learners must invest cognitive 

resources in processing information that is irrelevant for the task, possibly due to a subpar 

design of the learning materials or instructions (Klepsch et al., 2017; Sweller et al., 1998). 

Partly based on CLT (Sweller et al., 1998), and moreover recognizing that VR might pose 

special challenges for learners, the cognitive affective model of immersive learning (CAMIL, 

Makransky & Petersen, 2021) was developed. According to CAMIL (Makransky & Petersen, 

2021), the instructional design in VR must uphold certain requirements for successful learning 

in VR so that learners can overcome the challenges that VR presents (see Figure 1). 
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Figure 1 

Cognitive Affective Model of Immersive Learning (CAMIL, Makransky & Petersen, 2021) 

 

 

CAMIL identifies three technical factors, namely immersion, control, and 

representational fidelity, that influence the psychological learning prerequisites – presence and 

agency (Makransky & Petersen, 2021). First, immersion is both a measure of the liveliness of 

a system and the degree it is able to exclude the external environmental input (Cummings & 

Bailenson, 2016). Second, the decisive factors that characterise control factors are the degree 

and nature of control the system allows (e.g., the extent to which the environment permits 

movement and the degree to which the learners' actions shape the progression of events within 

it) (Witmer & Singer, 1998). Third, the accuracy of representation is defined by the extent to 

which the representation represents the real world (Dalgarno & Lee, 2010; Makransky & 

Petersen, 2021). Although of these three technical factors only the control factors influence 

agency, which is the feeling of controlling actions (Johnson-Glenberg, 2019; Moore & 

Fletcher, 2012), all these technical factors influence presence. Presence is defined as the 

feeling of being there in a VR world (K. M. Lee, 2004; Witmer & Singer, 1998). According to 

K. M. Lee (2004), presence can be experienced in three dimensions, namely physical, social, 

and self-presence. Physical presence relates to interactions with objects and environments; 
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social presence involves engagement with other social actors; and self-presence reflects the 

individuals' perceptions of themselves in an environment. 

However, even though immersion influences numerous affective and cognitive factors, 

such as interest and motivation, mediated via its impact on presence, recent research also 

implies that high levels of immersion might also lead to high levels of extraneous cognitive 

load (Makransky et al., 2019; O. A. Meyer et al., 2019; Parong & Mayer, 2021). One aspect 

that might account for an increase in extraneous cognitive load is the fact that in most VR 

environments, learners must choose their viewing direction themselves due to being 

surrounded by the virtual environment. Thus, learners only perceive their chosen and limited 

field of view (i.e., the maximum momentarily visible angle, Zhu et al., 2020), which varies 

not only depending on the learners’ gaze direction but also on their position in the 

environment (Shi et al., 2017), possibly leading to important areas being excluded from the 

chosen field of view. Therefore, searching for content might increase extraneous cognitive 

load (Makransky & Petersen, 2021), which could be one of the reasons why VR-based 

learning has not necessarily led to superior learning in previous research (Leder et al., 2019; 

Makransky et al., 2019; Queiroz et al., 2022). An additional reason why VR-based learning 

could be ineffective is the increased number of potential interactive elements that might 

distract learners (Frederiksen et al., 2020). 

Moreover, in a realistic VR learning scenario, learners may be required to orient 

themselves (i.e., find the most relevant field of view) while simultaneously concentrating on 

learning content. Thus, the challenges associated with dual tasks in VR should also be 

investigated, since research on dual tasking has shown that it is challenging for learners (A. D. 

Bender et al., 2017; Hornof et al., 2010; D. E. Meyer & Kieras, 1997; Pashler, 1994). Thus, 

further theoretical background regarding dual-tasks will be presented in Section 1.4.2.  
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1.3 Comparing Desktop-VR and HMD-VR 

Regarding key aspects of the theories outlined above, it is important to highlight that 

there are several important differences in how desktop-VR and HMD-VR relate to certain 

aspects of these theories. First, extraneous cognitive load in desktop-VR may be lower than in 

HMD-VR since it provides less sensory input (Makransky & Petersen, 2021). In contrast, 

HMD-VR can increase cognitive load not only because of its higher level of sensory input but 

also because it requires physical movement to achieve spatial orientation. Both of these 

factors mean that users need to process more information, which can be both engaging and 

demanding (Makransky et al., 2019). 

Second, regarding immersion, a central construct in CAMIL (Makransky & Petersen, 

2021), it can be assumed that desktop-VR typically offers a lower level of immersion than 

HMD-VR. Users view the virtual environment on a flat screen, which is constrained by the 

size and resolution of the monitor and unable to exclude external sensory input. Consequently, 

the feeling of presence, defined as the sensation of being in the virtual environment, generally 

might be weaker in desktop-VR settings (Slater & Wilbur, 1997). By contrast, HMD-VR 

provides a higher level of immersion by encompassing the user’s entire field of view and 

tracking head movements, thereby creating a more convincing illusion of being in the virtual 

environment. This increased immersion enhances the sense of presence and makes the 

experience more realistic (Shu et al., 2019; Slater & Sanchez-Vives, 2016). 

Third, regarding control, which is also a key factor in CAMIL (Makransky & Petersen, 

2021), there are also several differences between the two systems. Concerning the field of 

view, in desktop-VR, learners are required to use a keyboard and mouse to adjust their 

perspective, navigate the environment, and steer their actions in the environment. By contrast, 

the wider field of view in HMD-VR, which closely matches natural human vision, can be 

adjusted by head and body movements. As such, the HMD functions as an in- and output 

device. Further input devices for HMD-VR are motion controllers or hand tracking with 
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accelerometers and gyroscopes used to control the environment (Renganayagalu et al., 2021). 

Nevertheless, the perception of which input device is more natural and intuitive, and therefore 

superior in terms of control, largely depends on the learners’ familiarity with the device 

(Seibert & Shafer, 2018).  

In spite of these differences, a lack of attention guidance in both systems might cause 

disorientation and navigational difficulties (Marsh & Smith, 2001; Smith & Marsh, 2004), 

which could be an important factor influencing their effectiveness (Grogorick et al., 2018; 

Makransky et al., 2021). Therefore, when learners are required to simultaneously focus on 

learning and orienting themselves, providing orientation support could enhance the learning 

process. Thus, in the following sections, an overview of the current state of research on 

attention guidance (e.g., cueing) in VR is outlined. 

1.4 Attention Guidance in VR  

In visual learning materials, it is essential for learners to focus on what is relevant to 

ensure they receive the necessary attention for effective cognitive processing (de Koning et 

al., 2010). Thus, in the following sections, cueing is presented as a method to potentially 

assist the learners’ orientation in learning material, starting with a general overview. This will 

be followed by a discussion of specific cueing methods that have been tested within VR 

environments, showcasing how these immersive settings can benefit from carefully designed 

visual cues. 

Attention will then be given to cueing methods that have been examined in dual-task 

scenarios, where learners are required to manage two tasks simultaneously. Subsequently, the 

potential of pedagogical agents to provide cueing and effectively guide learners’ attention will 

be examined. This begins with a general overview of research regarding pedagogical agents, 

followed by a deeper exploration of possible functions, such as attention guidance. Finally, 

the section will address the potential drawbacks of cueing, such as the possibility that learners 
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become overly reliant on cues, which could ultimately hinder the development of reliable 

mental spatial representation.  

1.4.1 Cueing in VR  

In general, the signalling principle emphasizes that the inclusion of cues in learning 

material guides the learners’ attention to the most relevant parts of the learning content, 

assisting them in the process of information extraction and therefore facilitating learning 

(Alpizar et al., 2020; Boucheix et al., 2013; Richter et al., 2016; Schneider et al., 2018; van 

Gog, 2021). This is particularly beneficial for the first interaction with learning material (van 

Gog, 2021). For learning materials with a predefined field of view, such as PowerPoint 

presentations or learning videos, which are confined to the computer screen, the available 

cueing options are manifold. For example, PowerPoint animations, by using a fade-in effect to 

gradually reveal key points, can draw learners' focus to new information incrementally, as can 

the zoom function in learning videos (for further examples, see Schneider et al., 2018). These 

versatile cueing techniques are widely applied in both static and animated learning materials 

(Boucheix et al., 2013; de Koning et al., 2011; L. Lin & Atkinson, 2011). However, VR 

environments are characterized by the fact that learners are surrounded by a 360° environment 

and thus have to choose their field of view themselves (Rothe & Hußmann, 2018). Since 

locating highly relevant content can therefore be more challenging (Makransky et al., 2021), 

guiding the learners' attention could also be more difficult than in conventional materials.  

Several conventional information guidance methods (e.g., the use of circles, arrows, and 

textual cues) have been adapted and tested for VR (Albus et al., 2021; Albus & Seufert, 2022; 

Zhang et al., 2023). However, given the affordances of VR, new methods have also been 

developed. These include forcefully taking the user to the target field of view (FOV), 

providing a (virtual) person or object to follow, or introducing object manipulation (i.e., 

changing the perceptual properties of an object). These methods vary considerably in their 

effectiveness and degree of obtrusiveness (Speicher et al., 2019). Specifically, regarding the 
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degree of obtrusiveness, it is important to distinguish between <diegetic= and <non-diegetic= 

cues. Non-diegetic cues are elements that are added to the scene that do not belong to the 

virtual world – they are overlaid on the screen to direct the users' attention. Examples of non-

diegetic cues include arrows and blurring effects that are often obtrusive as they introduce 

external elements to the scene. By contrast, diegetic cues, for example, the intermittent 

switching on and off of a virtual traffic light signal or a flashing billboard, are inherently part 

of the scene and blend more seamlessly into the environment (Rothe & Hußmann, 2018). 

Contributing to this definition, Lange et al. (2020) point out that elements that are added to a 

scene for guidance purposes but are perceived as a part of the original scene can also be 

defined as diegetic cues, for example, a swarm of bees in a forest.  

Regarding the effects of non-diegetic cues on learning in VR environments, positive 

effects on learning have been observed for textual cues (Albus et al., 2021). For instance, 

Albus et al. (2021) discovered that text annotations consisting of brief phrases identifying 

relevant parts (in this case, components of a virtual seawater desalination plant) in a text field 

connected to the scene element enhanced recall but did not positively impact comprehension 

or transfer. However, it must be emphasised that in this example the textual cues partly 

reflected the narration, so that <dual coding= might have occurred. As such, learners in the 

cued condition both heard and read the information. Therefore, the learning effectiveness 

might not have been solely a result of cueing. Furthermore, it was not the aim of this study to 

test orientation in a 360° scene, as the virtual environment was not technically set to leave the 

participants' field of view (Albus et al., 2021). By contrast to these partly positive results with 

text cues, Zhang et al. (2023) found no significant effects of textual cueing on learning 

effectiveness in their desktop-VR environment dealing with computer assembly. However, 

this may have been because in this study the textual cues partly mirrored written texts 

available to all learners when they clicked on an item. A further study, however, in a desktop-

VR environment, used cueing implemented with green circles and found increased learning 
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outcomes and decreased extraneous cognitive load (Albus & Seufert, 2022). In this study, 

learners were asked to select several different virtual animals in a virtual forest and follow a 

narration about those animals. In the cued condition, green circles highlighted the part of the 

animal that the narration was referring to (e.g., ears and hoofs); thus, the implemented cueing 

guided the attention within a 3D-model learners were already attending to.  

Regarding the influence of non-diegetic cues on orientation, certain non-diegetic 

methods, such as autopilot – which seamlessly directs users to the target area – and guiding 

arrows, have shown promising results in VR videos (Y.-C. Lin et al., 2017). Autopilot, 

however, might also cause motion sickness due to a mismatch between visual and 

proprioceptive input (Chang et al., 2020).  

Recent research investigating the effects of non-diegetic cues on orientation combined 

with learning has found that using textual and arrow cues (i.e., an arrow with a text written 

inside stating that the learners are missing content) to direct learners' attention to parts of a 

VR video outside their current field of view, had positive effects on learning (Beege et al., 

2023; Liu et al., 2022). One challenge in guiding attention to content beyond the current field 

of view lies in determining the optimal placement of cues, whether within or outside the 

current field of view. For example, Liu et al. (2022) compared the effects of cues that were 

initially in the leaners’ FOV to cues that were not in the current FOV and found that cues that 

were inside the FOV guided attention better and resulted in better learning outcomes. 

However, since no interaction was necessary in these videos, several participants in conditions 

without cues or with cues that were initially outside their field of view did not turn around and 

thus watched the 360° video as they would watch a conventional video, which might have led 

them to miss important content. In line with this, text and arrow cues that Beege et al. (2023) 

implemented in the FOV also successfully guided attention to the relevant FOV and supported 

learning. These results underscore the need to provide guidance that helps learners focus on 

the most relevant areas in VR environments. While the findings suggest that cues within the 
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field of view tend to be more effective (Beege et al., 2023; Liu et al., 2022), alternative 

approaches, such as providing instructions, might also encourage learners to actively seek 

cues beyond their immediate field of view (Porte et al., 2024). Summing up the research 

regarding non-diegetic cues, none of these studies tested cueing as a way of guiding attention 

in an interactive 360° environment with relevant content possibly being outside the field of 

view (Albus et al., 2021; Albus & Seufert, 2022; Zhang et al., 2023). 

Moreover, non-diegetic cues could reduce representational fidelity, which might 

negatively affect presence according to CAMIL (Makransky and Petersen, 2021). Therefore, 

diegetic cues, which are already a part of the VR scene, might interfere less with immersion 

(Lange et al., 2020) and uphold a higher level of representational fidelity, thus reaching a 

higher level of presence. Diegetic cues, using light and movement, which have already been 

analysed with spatial eye-tracking data (i.e., heatmaps), have shown promising results in 

directing attention in a VR movie employing a within-subject design (Rothe & Hußmann, 

2018). Further, light cues enriched with spatial audio have also been used to guide the 

attention to speakers intending to join a conversation in a VR group, resulting in significantly 

faster response times than when no cues were used (G. Lee et al., 2024). Furthermore, Lange 

et al. (2020) developed a diegetic cueing method that seamlessly blended into the VR 

environment by using a virtual swarm of bees to cue which apples users had to select. They 

then compared this cueing method with four non-diegetic cueing methods (e.g., arrows, 

blurring, and circles) and showed that the diegetic method interfered the least with immersion 

and, consequently, presence and provided the most realistic scene. However, since diegetic 

cues need to be perceived as a realistic part of a scene, this specific method might not be 

generic enough to be used in a wide range of environments, as a swarm of bees might not be 

perceived as a natural part of an urban environment. A similar diegetic cueing technique was 

utilized by Porte et al. (2024) who demonstrated that increasing an objects’ luminosity (i.e., a 

virtual trees’ luminosity) and using marker stones in a virtual forest significantly improved the 
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efficiency of information gathering. In this particular virtual environment, participants were 

instructed to explore and select objects, such as trees and shrubs, to gather information. Upon 

selection, additional information about the chosen object was displayed on the screen. After 

completing the learning environment, participants were asked to choose a location in the 

forest for building a tourist attraction, prioritizing areas with minimal environmental impact 

and providing justifications for their choice. This task was positively influenced by the use of 

marker stone cues, probably because the cues during the learning phase helped participants 

form a more efficient and organized mental model of the forest (Porte et al., 2024). Summing 

up, diegetic cues offer great potential to provide guidance in realistic VR environments. 

However, these methods have not yet been tested with simultaneous learning tasks. As 

outlined above, an orientation task combined with a learning task constitutes a dual-task. As 

such, I will outline the theoretical background regarding cueing in dual-tasks in the next 

section.  

1.4.2 Cueing in Dual-Tasks 

Ordinarily, people don't seem to notice much difficulty performing two tasks 

simultaneously unless the tasks are physically incompatible or mentally demanding. However, 

laboratory studies combining a primary and a secondary task reveal the opposite: even simple, 

compatible tasks can interfere with each other significantly (Pashler, 1994). Thus, performing 

two tasks simultaneously seems to be challenging (A. D. Bender et al., 2017; Hornof et al., 

2010; D. E. Meyer & Kieras, 1997; Pashler, 1994).  

The underlying reasons for this may lie in the structure of human cognitive architecture, 

particularly the inherent constraints of working memory capacity. When individuals must not 

only retain information but also actively process it, they are typically limited to managing two 

to three discrete pieces of information simultaneously (Sweller et al., 1998). These limitations 

provide a foundation for understanding how and why dual-tasking often results in 

interferences. Two of the most widely accepted theories addressing these interferences are 
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capacity sharing and bottleneck models, both grounded in these fundamental cognitive 

constraints (Pashler, 1994). 

Capacity sharing theories propose that the limited cognitive resources are distributed 

across tasks during simultaneous performance. Because these resources are finite, dividing 

them among tasks reduces the mental capacity available for each, leading to diminished 

performance in one or both tasks (Pashler, 1994; Wu & Wang, 2024). Similarly, bottleneck 

models align with these constraints, suggesting that certain mental operations require 

exclusive access to a specific mechanism, causing delays or impairments when tasks compete 

for it (Pashler, 1994). In line with that, impairments can also arise at the motor stage, where 

bottlenecks in response initiation or execution can lead to delays in dual-task performance, 

even when the tasks involve different effectors, such as responding vocally in one task while 

using manual key presses in another (Bratzke et al., 2008). In summary, these models account 

for observed interference by highlighting resource limitations and processing constraints 

(Pashler, 1994). 

However, dual-task research suggests that overall performance (i.e. performance in both 

tasks) might be enhanced when performance in one or both tasks is facilitated, for example by 

training (A. D. Bender et al., 2017; Dux et al., 2009; Hazeltine et al., 2002; Strobach et al., 

2012), cognitive offloading (Grinschgl et al., 2023), or instructional support (Hopkins et al., 

2017; Peng et al., 2022). Regarding training, Bender et al. (2017) showed that dual-tasking 

performance improved for participants who trained on the combined visuomotor tracking and 

shape discrimination tasks (72 trials over six sessions) but not in those who trained the tasks 

separately (36 trials each). Importantly, this benefit was not attributable to baseline 

differences, as both groups exhibited comparable dual-task interference initially, and the 

observed training-related improvements appear to have limited transferability to other dual-

tasks (A. D. Bender et al., 2017). Moreover, Hazeltine et al. (2002) highlighted the necessity 
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of designing instructions that encourage participants to prioritize both tasks equally when 

training them concurrently.  

Further, Grinschgl et al. (2023) studied cognitive offloading, which is defined as the 

externalization of cognitive processes (e.g., taking notes) in a dual-task setting involving a 

primary pattern copy task (PCT), where participants recreated color patterns by dragging and 

dropping colored squares into a workspace, switching between a model window (to view the 

pattern) and a workspace window. Offloading was measured by how often participants 

reopened the model window to reduce memory demands instead of relying on internal 

working memory. Temporal costs were introduced by imposing a 2-second lockout for half of 

the participants each time they accessed the model window, requiring them to wait before 

viewing the pattern again. The secondary task was an auditory N-back task, where 

participants identified matching consonants two steps apart. The results showed that 

participants who experienced no temporal costs for offloading in the PCT performed better on 

the N-back task, indicating that offloading released cognitive resources. This suggests a 

dynamic interplay where increased offloading in the primary task improves performance in 

concurrent, unrelated tasks by freeing working memory capacity (Grinschgl et al., 2023). 

Finally, in the context of instructional support, cueing could serve as an effective 

strategy for facilitating performance in a dual-task setting (Hopkins et al., 2017; Peng et al., 

2022). In particular, cross-modal cueing, defined as cueing that involves different sensory 

modalities (e.g., using a visual arrow to cue the direction of an auditory target), has been 

shown to successfully support spatial tasks (Blurton et al., 2015). However, research 

regarding whether it might also enhance the performance of an independent secondary task 

remains scarce. For instance, Hopkins et al. (2017) conducted a study in which participants 

were asked to perform a dual-task that involved a primary visual search task and a secondary 

auditory task. The primary task required participants to locate a horizontal line among 

distractors (i.e., slightly slanted short lines) in a visual display by pressing a corresponding 
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key. Simultaneously, they performed a secondary task that involved listening to a series of 

numbers to identify any repeated pairs. For the primary visual task, Hopkins et al. (2017) then 

compared two types of cueing, namely auditory and tactile. The auditory cueing was 

implemented by delivering a 500 ms sine wave tone through speakers located 60 cm to the 

left and right of the main search monitor. The tactile cueing was delivered via a 500 ms 

vibration through tactors affixed to a belt around the participant's torso, indicating in which 

half of the display the target was located (i.e., the side the cue appears on indicates the side on 

which the target is located). Results indicated that auditory cues were not effective in a dual-

task scenario, supporting neither the visual nor the auditory task, as they interfered with the 

secondary auditory task. This interference likely occurred because both the auditory cue and 

the auditory task were competing for the same attentional resources within the auditory 

modality. By contrast, the tactile cues successfully supported the visual task and did not seem 

to interfere with the auditory task. However, even though these results might suggest that 

tactile cues could be effective in dual-tasking, the support used in the visual task did not 

simultaneously enhance accuracy in the auditory dual-task. Thus, cueing support in one task 

using another modality (e.g., using tactile cues in a visual task) might not translate to a better 

performance in a secondary task that is presented in another modality (e.g., an auditory task, 

resulting in a total of three modalities in the dual-task).  

Therefore, selecting the appropriate cueing modalities in a dual-task may introduce 

additional complexities, further compounding the challenges inherent in VR, which have 

already been outlined. However, based on the results from Hopkins et al. (2017) that an 

auditory cue interfered with an auditory task and that adding a third modality did not support 

overall performance in the dual-task, I decided to use visual cueing (i.e., with light, 

movement, or provided by a pedagogical agent) for the search tasks in the Experiments 2.1, 

2.2, and 3 conducted for this dissertation. Thus, the search task and cueing method remained 

in the same modality (i.e., visual), whereas the learning task was presented auditorily, the aim 
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being to free up cognitive resources and reduce the conflict for resources, possibly also 

leading to superior learning outcomes. This was investigated in (desktop-) VR experiments, 

where the learning content was narrated during the search task, creating a dual-tasking VR 

learning scenario.  

In addition to the cueing methods outlined above, it was also thought worthwhile to 

explore how pedagogical agents could provide cues and in what ways. Accordingly, the 

following section outlines the theoretical foundations regarding the use of pedagogical agents.  

1.4.3 Pedagogical Agents  

Pedagogical agents are defined as computer-generated humanlike virtual characters 

(Craig et al., 2002) that can be interactive and are designed to fulfil several functions (e.g., 

attention guidance and providing information) in learning materials (Moreno, 2012). 

Pedagogical agents could be ideally suited for VR learning environments, as VR allows a high 

degree of embodiment that seems desirable for pedagogical agents (Dai et al., 2022). Highly 

embodied agents show human-like features including facial expressions, synchronized lip 

movements while speaking, gestures, and subtle idle movements. By contrast, low-embodied 

agents tend to be more static or appear as voice-only agents entirely lacking visual 

representation (Davis et al., 2023). 

In general, several theories, such as the social learning theory (Bandura, 1977), the 

social agency theory (Mayer, 2014; Mayer, Sobko, et al., 2003), and the cognitive-affective-

social theory of learning in digital environments (CASTLE; Schneider et al., 2022), imply that 

adding social cues to learning material might be beneficial for learning. These theories add a 

complementary perspective to cognitive theories such as the CLT (Sweller et al., 1998, 2011) 

and the cognitive theory of multimedia learning (CTML; Mayer, 2014) that both emphasize 

learners’ limited cognitive resources. According to CLT (Sweller et al., 1998, 2011) and the 

CTML (Mayer, 2014), it could be argued that including social cues either via a human on-

screen instructor or a pedagogical agent without further didactic function could overload 
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participants. Moreover, pedagogical agents might also be perceived as <seductive details= – 

defined as interesting yet irrelevant parts of learning materials (Rey, 2012), which could also 

overload working memory and therefore be non-conducive to learning. 

Specifically, CASTLE (Schneider et al., 2022) integrates several theories that 

emphasize the importance of social cues, such as the social learning theory (Bandura, 1977) 

and the social agency theory (Mayer, 2014), and states that including social cues in learning 

material activates learners’ social schemas, hence resulting in increased (para-)social 

processes. In turn, this activation affects the selection and further processing of information, 

which also influences the resulting schemas in the long-term memory (Schneider et al., 2022). 

According to CASTLE (Schneider et al., 2022), the inclusion of pedagogical agents could 

instil both verbal and visual social cues that enhance the social response (Lester et al., 1997). 

This enhanced social response is reflected in heightened brain activity in areas involved in 

social processes (Wenjing Li et al., 2022). Moreover, pedagogical agents may influence 

learning through factors such as motivation (Bian, 2022; Heidig & Clarebout, 2011; Sikström 

et al., 2022; Y. Wang et al., 2023) and improved perceived learning experiences 

(Grivokostopoulou et al., 2020). 

However, several reviews (Martha & Santoso, 2019; Sikström et al., 2022) and meta-

analyses (Castro-Alonso et al., 2021) on the impact of pedagogical agents on learning reveal 

only small positive effects on learning. Castro-Alonso et al. (2021) emphasise that the social 

behaviour (e.g., facial expression, gesturing, and motion) of the agents is often irrelevant and 

that these effects are mainly moderated by characteristics of the experiments (e.g., 

randomisation). By contrast, Dai et al. (2022) conclude that the design of the agents and in 

particular their degree of embodiment (e.g., expressed by gestures and facial expressions) is 

crucial and emphasize that a high degree of these characteristics tends to improve learning to 

a greater extent. Dai et al. (2022), however, point out that up until now only a small number of 

experiments have dealt with pedagogical agents in VR learning environments but that, 
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nevertheless, including agents in VR could enhance the learning experience and result in 

higher presence. Although the disparate conclusions of these studies – Castro-Alonso et al. 

(2021) and Dai et al. (2022) – can partly be attributed to the fact that the two analyses cover 

slightly different time periods (i.e., 2012–2019 vs. 2010–2021) and include a different number 

of studies (21 vs. 75) respectively, the disparity underscores the need for further research, 

especially utilizing newer technological advancements.  

Since Experiment 3 in this dissertation focusses on attention guidance provided by 

pedagogical agents, the next section provides a general overview of the possible functions that 

pedagogical agents could fulfil. 

1.4.4 Function of Pedagogical Agents 

Pedagogical agents can fulfil different functions in learning materials, such as providing 

feedback, instruction, or guidance (Heidig & Clarebout, 2011), although acting as an 

information source is the most frequently implemented function according to Dai et al. 

(2022).   

Particularly in learning material with undefined fields of view, attention guidance using 

position, gestures, or gaze shifts could be a central function for pedagogical agents in 360° 

environments. Researching into the potential of agents’ positioning for directing attention, 

several studies with human on-screen instructors using eye-tracking technology suggest that 

humans (or human faces) attract attention in learning videos with a pre-defined field of view 

(Kizilcec et al., 2014; Sondermann et al., 2024). Moreover, since research from Speicher et al. 

(2019) implies that following a person in a 360° video is one of the most efficient methods for 

attention guidance, the assumption that the position of a pedagogical agent might also assist 

learners in finding the relevant field of view seems plausible. 

Pedagogical agents can also use gestures, such as pointing, for attention guidance 

(Khokhar & Borst, 2022), which have been shown to positively affect learning (Davis, 2018; 

Wenjing Li et al., 2019). Furthermore, gaze movements from another human are an important 
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information source for a person’s orientation (Bayliss et al., 2010; Chacón-Candia et al., 

2023). This insight, along with the meta-analyses of McKay et al. (2021), suggests that gaze 

cueing may be equally effective regardless of whether it is provided by real or virtual faces. 

Thus, an agent’s gaze could prompt joint attention, meaning that several people might have 

their attention directed to an object that may be of mutual interest (Frischen et al., 2007).  

Some research has already shown that gaze shifts provided by a pedagogical agent 

successfully guide attention (Pejsa et al., 2015). Pejsa et al. (2015) also maintain that an 

agent’s <referential= gaze (i.e., including head movement) at nearby learning material also 

improves learning outcomes. Contrary to this, the findings of Wenjing Li et al. (2023) suggest 

that the gaze of a pedagogical agent alone cannot successfully direct attention and does not 

improve learning. The depicted agent in this study also directed its head to an adjacent 

graphic. However, this agent did not further adjust its gaze to provide more detailed guidance 

regarding which part within the depicted graphic was the most relevant (for instance, by 

varying the height of its gaze). Thus, it probably only offered limited guidance in the gaze-

only condition (only present in Experiment 2) (Wenjing Li et al., 2023). Therefore, whether a 

pedagogical agent’s gaze combined with its position might successfully direct attention in a 

360° environment remains an open research question.  

Overall, while cueing may yield positive effects in various contexts, the following 

section explores various theories about unintended negative impacts cueing might have on the 

development of mental spatial representation. 

1.4.5 Mental Representation 

As advancing technologies increasingly simplify everyday tasks, there are growing 

concerns about their potentially detrimental effects on human cognitive abilities, particularly 

memory (for an overview, see Clinch et al., 2021). Moreover, research on <desirable= 

difficulties suggests that learning conditions that are perceived as challenging often result in 

deeper understanding (de Bruin et al., 2023). Therefore, not all support systems that initially 
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facilitate a learning task necessarily lead to superior outcomes. Given that cueing can be 

viewed as a form of digital assistance, it becomes crucial to explore whether it might 

negatively impact the development of mental spatial representation – the way we perceive, 

remember, and think about the spatial relationships between objects.  

One area of daily life, in which people frequently seek digital assistance is navigation 

using GPS devices. However, recent research implies that relying on digital navigation 

devices leads to an insufficient development of mental spatial representation, resulting, for 

instance, in poor performance concerning navigation and landmark recall tasks (Dahmani & 

Bohbot, 2020; Gardony et al., 2015; Hejtmánek et al., 2018; Ishikawa et al., 2008). Ishikawa 

et al., for example, compared the spatial representation of participants in three groups in an 

unfamiliar city. The first group navigated with GPS, the second group used a map, and the 

third group was guided by an instructor (i.e., they first walked with an instructor and were 

later required to replicate the route on their own). Results showed that the GPS group took 

significantly less efficient routes and produced less precise maps during the testing phase. 

Possible explanations for these adverse effects are still being discussed. However, after 

conducting research including auditory navigation aids, Gardony et al. (2015) suggested that 

the divided attention caused by the navigational device played a decisive role. Thus, it seems 

reasonable to assume that visual GPS systems, which often run on a different device, might 

also avert attention from the environment. In line with this explanation, results from 

Stefanucci et al. (2022) imply that implementing visual navigation cues inside the users’ field 

of view during a navigation task in VR enhanced spatial learning. However, it needs to be 

emphasized that the cues in the experiment from Stefanucci et al. (2022) provided additional 

information about distance. 

Several explanations for these and other negative effects of digital support are still being 

discussed, for instance, the (un)intentional forgetting of digitally accessible information, 

which might be due to a lack of suitable encoding caused by a lack of practice (van der Haak, 
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2014). Further, cognitive offloading, which, as previously defined, can be understood as a 

process of externalizing cognitive processes (Grinschgl et al., 2023), might also influence 

memory performance. Even though cognitive offloading might be helpful in daily tasks, 

results from a recent review have implied adverse effects on learning (Skulmowski, 2023). 

Although supporting learners in a practice phase of a task by providing an offloading 

opportunity (i.e., allowing the manipulation of graphics to fit the task requirements) was 

shown to enhance immediate task performance, without the offloading opportunity, learners 

were not able to uphold their former performance level (Moritz et al., 2020). 

Whether cueing that is provided inside the field of view without further information 

regarding an object’s distance to the viewer influences the development of mental spatial 

representation will be investigated further in two of the upcoming experiments. However, in 

the next section, the theoretical background regarding further design considerations for VR 

learning environments is outlined.  

1.5 Additional Design Considerations 

Besides attention guidance, there might be additional design decisions that influence 

learning, such as the design of the pedagogical agent and the setting of the learning 

environment. Thus, the following sections will briefly outline theoretical considerations 

regarding design choices concerning pedagogical agents, especially focussing on their 

clothing, and considerations regarding the design of the setting.  

1.5.1 Design and Clothing of Pedagogical Agents 

Technical progress has enabled the creation of more human-like pedagogical agents. 

Even though a high degree of embodiment seems particularly promising (Dai et al., 2022), 

some features of pedagogical agent design have still been insufficiently researched.  

The Pedagogical Agents Conditions of Use (PACU) framework, developed by Heidig & 

Clarebout (2011), outlines four key conditions for the effective use of pedagogical agents: (1) 

the learning environment in which pedagogical agents are to be implemented; (2) the 
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characteristics of the learners; (3) the functions of the pedagogical agent; and (4) the agent’s 

design. In terms of design, the framework distinguishes between a global design level (e.g., 

human vs. non-human or static vs. animated), a medium design level (e.g., partial vs. full 

display, including audio output, and aspects of language style), and a detailed design level 

(e.g., the age, gender, and clothing of the pedagogical agent are included). However, although 

the design feature clothing is mentioned at the detailed design level, it has received little 

attention in research.  

Considerations regarding why the clothing of a pedagogical agent might play a 

significant role can be found in literature concerning the effects of clothing for humans. In 

general, clothing conveys information about the person wearing it (Damhorst, 1990). 

Moreover, behaviour towards a person can also be influenced by clothing and the meaning 

attributed to it (Blumer, 1969). This especially applies to clothing that is typically associated 

with a particular professional group (e.g., police officers, doctors, judges, priests, soldiers, or 

craftsmen), and this association often leads to an attribution of competence (Gurney et al., 

2017; Kodžoman, 2019) and trust (Hartmans, 2013). In the field of education, research has 

also shown that presentations given by formally dressed students were rated more favourably 

than those given by casually dressed students (Gurung et al., 2014). Further, formally dressed 

teachers were perceived as more knowledgeable and well prepared compared to their more 

informally dressed colleagues (Lukavsky et al., 1995). In addition, Beege et al. (2019), who 

focused on the interaction between clothing (professional vs. non-professional) and 

addressing style (frontal vs. lateral) in an educational video, found that the professionally 

dressed teacher improved learners' retention performance when teachers looked directly at the 

camera (Beege et al., 2019).  

Therefore, it would appear important that pedagogical agents are also appropriately and 

professionally dressed. However, there has been little research on this topic. Nevertheless, 

Petersen et al. (2021) compared the thematical appropriateness of an agent in a museum 
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context (i.e., dressed as a museum guide vs. the same agent as a black mesh) and behavioural 

realism (high vs. low, respectively) with a control group without an agent and found 

heterogeneous results. Whereas most of the pedagogical agents hindered the acquisition of 

factual knowledge, the appropriately dressed agent with low realism (i.e., without gestures, 

limited idle animations, and without lip-syncing) had a positive effect on conceptual learning. 

However, in this research, while the agent’s attire as a museum guide was suitably aligned 

with the surrounding environment (i.e., a museum), it did not specifically relate to the 

educational topic at hand, which was virology. Bearing in mind that Veletsianos (2010) 

recorded promising results on learning when the appearance of the agent matched the teaching 

content regarding facial features, testing whether these effects also occur when the clothing of 

an agent matches its teaching content seems also relevant.  

To conclude, since research regarding the effects of a pedagogical agent’s clothing is 

inconclusive, and to ensure the credibility of the agent that was designed to provide the cueing 

in Experiment 3, Experiment 1 was conducted. Moreover, because the interaction between the 

clothing of an agent and the setting in which the agent is positioned is yet another open 

research question, Experiment 1 also deals with the possible interactions between clothing 

and setting.  

1.5.2 Setting 

In educational contexts, the question arises whether an authentic setting, i.e., a setting 

that closely resembles a professional context, should be used and, if so, how it should be 

designed and implemented (Anker-Hansen & Andreé, 2019). One argument in favour of 

implementing authentic settings would be that several studies imply that more authentic 

environments, such as research facilities for scientific domains, have a positive influence on 

students' perception of relevance and interest (Betz, 2018; Schüttler et al., 2021). The extent 

to which these promising results from real-world settings can be transferred to digitally 

created learning materials such as videos or VR environments is still questionable. Moreover, 
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this question applies equally to photorealistic material (e.g., videos or 360° videos) and to 

digitally created material (e.g., digital video backgrounds or VR environments) (Catrysse et 

al., 2023; Merkt et al., 2020; Schroeder & Adesope, 2012). In the case of photorealistic 

material, the setting can be understood as the physical background in front of which a video 

was shot (see Merkt et al., 2020), while with digitally created material, the setting can be 

understood as the digitally designed background in which the virtual scene unfolds. 

One possible effect of an authentic setting might its impact on the evaluation of the 

expertise attributed to the instructor, which in turn may affect learning (Merkt et al., 2020). 

Therefore, Merkt et al. (2020) compared a video about floral topics using either a botanical 

garden (i.e., an authentic setting) or a white wall (i.e., a neutral setting). The setting had no 

consistent effect on learning outcomes or perceived expertise in two experiments, leading the 

authors to the cautious conclusion that the effect of setting might be negligible. Similarly, 

Catrysse et al. (2023) investigated whether an authentic background compared to 

inappropriate and neutral backgrounds in an educational video about glaciers had an influence 

on learning outcomes. They employed a photograph of a geography classroom as an example 

of an authentic setting, a grey wall as a neutral setting, and an image of a beach club as an 

inappropriate setting. Additionally, they examined the potential influence of working memory 

capacity in this context. In line with the results of Merkt et al. (2020), Catrysse et al. (2023) 

found no consistent effect of setting, though their results suggest that unsuitable backgrounds 

are particularly detrimental to learning outcomes for students with low working memory 

capacity. 

However, since the studies outlined above used either photorealistic backgrounds or 

photographs as authentic settings, the question of whether there might be setting effects on the 

assessment of expertise and subsequent learning for completely digitally created and animated 

learning videos remains. Moreover, the experiments mentioned above utilized human 

teachers. As such, exploring the effects of fully animated videos featuring pedagogical agents 
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as animated instructors could also be worth investigating. Pedagogical agents may employ 

fewer indications of expertise due to their artificial creation and may hence be more 

susceptible to other expertise cues, such as the virtual setting they are operating in or the cues 

provided by their clothing. Therefore, in Experiment 1, I investigated whether the setting of a 

digitally created learning video and the clothing of a pedagogical agent influenced learning 

and perceived expertise. Moreover, I aimed to ensure the thematic fit and credibility of the 

setting for all following experiments and the pedagogical agent used in Experiment 3.  
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2 Dissertation Overview 

Based on the presented theoretical background, the following section outlines the 

research conducted in this dissertation, which includes four experiments distributed across 

three manuscripts: Experiment 1 is detailed in the first manuscript, Experiments 2.1 and 2.2 

are combined in the second, and Experiment 3 is presented in the third manuscript.  

Regarding Experiment 1, past research has indicated that the perceived thematical 

fitting of the setting (Catrysse et al., 2023; Merkt et al., 2020) as well as the perceived 

thematical appropriateness of a pedagogical agents’ clothing (Petersen et al., 2021) might 

impact learning, perceived expertise, and credibility. Thus, Experiment 1 investigated the 

effects of these variables on the perceived professionalism of the video, the perceived 

expertise of the pedagogical agent, and learning using a digitally created learning video 

depicting a virtual workshop. Moreover, the experiment focused on ensuring that the setting 

and the design of the pedagogical agent were perceived as thematically appropriate and 

credible and can thus be used in the (desktop-) VR experiments.  

With respect to Experiments 2.1, 2.2, and 3, the signaling principle (Alpizar et al., 2020; 

Schneider et al., 2018; van Gog, 2021) suggests that cueing positively influences learning 

outcomes and orientation across a wide range of learning formats, particularly when learners 

have a predefined field of view (de Koning et al., 2007, 2011; L. Lin & Atkinson, 2011). By 

contrast, research on the effects of cueing in learning environments with an undefined field of 

view (i.e., learners have to choose it themselves) is limited. Accordingly, two aspects of 

cueing are examined in this thesis: on the one hand, I investigated whether the guidance of 

attention to the search objects in a VR environment was successful, and, on the other hand, I 

also tested whether this orientation aid had a positive effect on learning outcomes. The search 

task with the simultaneously narrated learning content constituted a dual-task. Given the 

previous research on dual-tasks, it seemed reasonable to assume that by facilitating the search 
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task, the overall performance might improve due to a redistribution of the learners' cognitive 

resources (Grinschgl et al., 2023; Hornof et al., 2010). 

Focussing on attention guidance, previous research showed promising results using 

movement and light cues (Rothe & Hußmann, 2018). Further, research on pedagogical agents 

also implied that these might be useful for attention guidance (Pejsa et al., 2015). Thus, for 

this dissertation, these methods were investigated in the VR search task. Experiment 2.1 and 

2.2 tested a movement and light cue in desktop-VR and Experiment 3 tested a pedagogical 

agent and light cue in HMD-VR.  

Moreover, several studies have implied that the use of navigational aids might impair 

spatial memory (Gardony et al., 2015), and research on desirable difficulties moreover has 

suggested that learning perceived as more difficult often deepened learning (de Bruin et al., 

2023). Thus, I further investigated whether cueing impaired the formation of mental spatial 

representation in Experiments 2.1 and 3. In this context, the adverse effects of cueing may 

stem from learners becoming overly dependent on the provided cues (van der Haak, 2014), 

which could result in a subpar encoding of the spatial information.  

Finally, because according to CAMIL (Makransky & Petersen, 2021), presence is a 

central prerequisite for learning in VR, I additionally investigated how different cueing 

methods influence presence in Experiments 2.2 and 3.  

All the experiments were approved by the local ethics committee of the German 

Institute for Adult Education. Participants in all experiments gave informed consent prior to 

the experiments and were debriefed upon completion. For an overview of the experiments, 

including the links to the pre-registrations and data scripts, see Table 1. In the following 

section, I will outline the four experiments and their key variables, hypotheses, and results. 

For a more comprehensive description, please refer to the respective manuscripts in 

Appendices A, B, and C. 
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Table 1 

Overview of the experiments 

 Manuscript 1 Manuscript 2 Manuscript 3 

 Experiment 1 Experiment 2.1 Experiment 2.2 Experiment 3 

Setting Online Online Online Laboratory 

Design 2x2 between-

subject design 

 

1x3 within-

subject design  

1x3 between-

subject design 

1x3 between-

subject design 

Independent 

variables 

Clothing: 

(Thematically 

appropriate vs. 

inappropriate) 

 

Setting 

(Thematically 

appropriate vs. 

inappropriate) 

Cueing: 

(Movement, 

light, none) 

Cueing: 

(Movement, 

light, none) 

Cueing: 

(Pedagogical 

agent, light, none) 

Materials Animated 

learning video 

Desktop-VR-

learning 

environment 

Desktop-VR-

learning 

environment 

HMD-VR- 

learning 

environment 

Dependent 

Variables 

Learning  

 

 

 

Learning 

Search times 

Mental spatial 

representation 

Learning 

Search times 

 

 

Learning 

Search times 

Mental spatial 

representation 
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Professionalism 

of the video 

Expertise of the 

agent  

Credibility of the 

agent  

Thematical fit of 

the clothing 

Thematical fit of 

the setting 

Presence  

Cognitive load 

Presence  

Cognitive load 

Sample N = 200 (Prolific) N = 60 (Prolific) N = 159 

(Prolific) 

N = 91 

(Institutional 

database) 

Pre- 

registration 

https://osf.io/bnv3

2?view_only=e19

719a4eee243f8b4

0fb2e85add8d07 

https://osf.io/vm

6xj?view_only=

6c07aaea38d249

fdaeb35638a1d0

68b4 

https://osf.io/9v4r

k?view_only=c8a

4e050839542f1ba

3ecb10c32e1176 

https://osf.io/7ufr

h/?view_only=28

ae330c9bb344b19

1b66428d1f50b83 

Data and 

scripts 

https://osf.io/qm4

pv/?view_only=1

715aaa02cb74e58

8b591882b08a3b

d3 

https://osf.io/2f87s/?view_only=17

3e32e228e84510b8f293a0dcd9289

8 

https://osf.io/u6z8

k/?view_only=dc

dd029041624a8e

954b1303909b38f

f 

https://osf.io/bnv32?view_only=e19719a4eee243f8b40fb2e85add8d07
https://osf.io/bnv32?view_only=e19719a4eee243f8b40fb2e85add8d07
https://osf.io/bnv32?view_only=e19719a4eee243f8b40fb2e85add8d07
https://osf.io/bnv32?view_only=e19719a4eee243f8b40fb2e85add8d07
https://osf.io/vm6xj?view_only=6c07aaea38d249fdaeb35638a1d068b4
https://osf.io/vm6xj?view_only=6c07aaea38d249fdaeb35638a1d068b4
https://osf.io/vm6xj?view_only=6c07aaea38d249fdaeb35638a1d068b4
https://osf.io/vm6xj?view_only=6c07aaea38d249fdaeb35638a1d068b4
https://osf.io/vm6xj?view_only=6c07aaea38d249fdaeb35638a1d068b4
https://osf.io/9v4rk?view_only=c8a4e050839542f1ba3ecb10c32e1176
https://osf.io/9v4rk?view_only=c8a4e050839542f1ba3ecb10c32e1176
https://osf.io/9v4rk?view_only=c8a4e050839542f1ba3ecb10c32e1176
https://osf.io/9v4rk?view_only=c8a4e050839542f1ba3ecb10c32e1176
https://osf.io/7ufrh/?view_only=28ae330c9bb344b191b66428d1f50b83
https://osf.io/7ufrh/?view_only=28ae330c9bb344b191b66428d1f50b83
https://osf.io/7ufrh/?view_only=28ae330c9bb344b191b66428d1f50b83
https://osf.io/7ufrh/?view_only=28ae330c9bb344b191b66428d1f50b83
https://osf.io/qm4pv/?view_only=1715aaa02cb74e588b591882b08a3bd3
https://osf.io/qm4pv/?view_only=1715aaa02cb74e588b591882b08a3bd3
https://osf.io/qm4pv/?view_only=1715aaa02cb74e588b591882b08a3bd3
https://osf.io/qm4pv/?view_only=1715aaa02cb74e588b591882b08a3bd3
https://osf.io/qm4pv/?view_only=1715aaa02cb74e588b591882b08a3bd3
https://osf.io/2f87s/?view_only=173e32e228e84510b8f293a0dcd92898
https://osf.io/2f87s/?view_only=173e32e228e84510b8f293a0dcd92898
https://osf.io/2f87s/?view_only=173e32e228e84510b8f293a0dcd92898
https://osf.io/u6z8k/?view_only=dcdd029041624a8e954b1303909b38ff
https://osf.io/u6z8k/?view_only=dcdd029041624a8e954b1303909b38ff
https://osf.io/u6z8k/?view_only=dcdd029041624a8e954b1303909b38ff
https://osf.io/u6z8k/?view_only=dcdd029041624a8e954b1303909b38ff
https://osf.io/u6z8k/?view_only=dcdd029041624a8e954b1303909b38ff
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2.1 Experiment 1 

As outlined above, Experiment 1 aimed to ensure the credibility and thematic 

appropriateness of the pedagogical agent that was to be used in Experiment 3, as well as the 

credibility and thematic appropriateness of the settings for all the subsequent (desktop-) VR 

experiments. Thus, I created four versions of an animated learning video (i.e., a 2x2 design) 

that varied the clothing (thematically appropriate vs. thematically inappropriate) of the 

pedagogical agent and the setting (thematically appropriate vs. thematically inappropriate) of 

the video to investigate the effects of these variables on the agent’s credibility and the 

perceived thematical fit of the clothing and setting to the learning content. Regarding these 

variables, I assumed that the thematically appropriately dressed agent would be perceived as 

more credible and would be evaluated as a better fit to the learning content than the 

inappropriately dressed agent. Moreover, I assumed that a thematically appropriate setting 

would also be evaluated as a better fit to the learning content 1￼.  

Beyond these variables, which would be relevant for further studies, I also pre-

registered additional hypotheses that explored the effects of clothing and setting on the 

perceived professionalism of the learning video, the perceived expertise of the pedagogical 

agent, and the learning outcomes. Considering the prior research outlined above, I 

hypothesized that the video showing the pedagogical agent wearing thematically appropriate 

clothing would be rated as the most professional. I moreover assumed that the thematically 

appropriately dressed agent would be considered to have more expertise and would achieve 

better learning outcomes. Since previous research revealed mixed results regarding the effects 

of setting on learning outcomes (see Merkt et al., 2020), I did not hypothesize a main effect of 

setting on learning.  

 
1 In game development, assets are digital resources such as 3D models and textures used in game engines. 
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Overall, 231 participants, who were recruited via the online panel provider Prolific, 

completed the online experiment using LimeSurvey. Due to pre-registered exclusion criteria, 

31 participants were excluded, resulting in a final sample of 200 German-speaking 

participants (131 male, 68 female, 1 diverse; Mage= 29.52; SDage= 8.73). Participants were 

randomly assigned to one of the four experimental conditions. Regarding the experimental 

procedure, the experiment started with a picture and sound test, and then assessed prior 

knowledge and general interest in the content. Afterwards, the learning video representing the 

participants’ assigned condition was presented (duration: 19’30 minutes). In this video, a 

pedagogical agent narrated learning material on craft content, which was partly visualized 

with a PowerPoint presentation to the right of the agent. The presentation only highlighted 

important content; hence, it was occasionally superimposed over the background, although 

the video’s setting was visible for the remainder of the video. The pedagogical agent featured 

a full-body representation with a male human voice, displaying conversational gestures (see 

Davis, 2018) and mimicking but without further deictic functions. The experimental 

conditions resulting from the 2x2 design were visually implemented in the videos as follows: 

In the appropriate clothing conditions, the pedagogical agent wore brown dungarees, inspired 

by the recommendations for workwear of the Employer's Liability Insurance Association for 

Wood and Metal in Germany (BGHM, 2019). Regarding the inappropriate clothing condition, 

the pedagogical agent wore formal clothing (i.e., a white buttoned shirt with neat grey 

trousers). For the thematically appropriate setting, a prototype workshop with a concrete floor, 

a workbench, and garage-like walls were used, whereas the inappropriate condition resembled 

a living room. The number and distribution of assets in both settings were chosen to match as 

closely as possible. For an illustration, see Figure 2. The video was followed by evaluation 

questions regarding the credibility of the pedagogical agent, the thematic fit of the agent’s 

clothing and the setting to the topics presented, the agent’s expertise, the video’s 
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professionalism, a 20-question multiple-choice knowledge test, and variables assessing 

exclusion criteria and demographic data. 

Figure 2 

Conditions of the learning video displaying the variation of setting and clothing 

 

Note. To illustrate the insertion of the presentation, one version with and one without the 

presentation was selected for each setting. 

 

The results revealed that the appropriately dressed pedagogical agent was rated as more 

credible and more fitting to the teaching content than the thematically inappropriately dressed 

agent. Likewise, the thematically appropriate setting was rated as more fitting to the content 

than the thematically inappropriate setting. However, there were no main effects or 

interactions concerning the perceived professionalism of the video and the perceived expertise 

of the agent. Moreover, there were no significant main effects on learning regarding either 

clothing or setting. However, there was a significant interaction regarding learning, where 

Bonferroni-adjusted post-hoc comparisons showed that in the appropriate clothing condition, 

the inappropriate setting resulted in better learning outcomes than the appropriate setting. 

Even though this interaction might point to a possible boundary condition, given the small 
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effect size (ηp
2 = .02), further research should be conducted before jumping to premature 

conclusions. 

 A possible explanation for the lack of systematic effects regarding the pedagogical 

agent's clothing and video setting on perceived expertise, professionalism, and learning might 

be that even in the inappropriate mode, they were still perceived as moderately fitting. 

Moreover, regarding learning, the appropriate setting might have created the unmet 

expectations of practical demonstrations, which, according to expectancy violations theory 

(Burgoon, 1993; Dunbar & Segrin, 2012), could have had detrimental effects on learning. 

However, practical demonstrations were not included because the four conditions needed to 

be kept constant.  

To conclude, while designers may have some flexibility regarding clothing and setting, 

a highly inappropriate attire and setting could still affect learning outcomes. The limitations of 

this experiment, however, were the testing of only a single exemplar in both the appropriate 

and inappropriate clothing and settings. This highlights the need for future research to 

incorporate a broader range of assets across various disciplines. Future research could also 

contrast thematically appropriate clothing with attire strongly associated with other 

occupations. Moreover, regarding the suitability of the assets, the appropriate clothing of the 

pedagogical agent and the appropriate setting were all rated as appropriate for the craft 

teaching content. Thus, these assets were employed in the (desktop-)VR environment used in 

the following experiments.  

2.2 Experiment 2.1 

In this experiment, participants had to solve a search task while simultaneously listening 

to narrated learning content in a virtual workshop using the assets pre-tested in Experiment 1. 

In this learning environment, I investigated the effect of the independent variable cueing with 

the factor levels movement and light compared to a control condition without cueing on 

search times, learning, and mental spatial representation. Based on the theoretical framework 
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outlined above, I preregistered the hypotheses that light and movement cues will result in 

faster search times. Moreover, I assumed that the learning outcomes would be better when the 

search task was supported by cueing due to a redistribution of cognitive resources. Finally, I 

hypothesized that participants would form a more accurate mental spatial representation of 

object locations when solving the search task without cueing support. 

Experiment 2.1 was completed by 70 participants using the online panel provider 

Prolific for recruitment and LimeSurvey for conducting the experiment. Ten of those 

participants had to be excluded due to the pre-defined exclusion criteria, resulting in a sample 

of 60 German-speaking participants (38 males, 22 females; Mage = 29.00; SDage = 7.62). The 

independent variable cueing was varied within-subjects. The assignment of the cues to the 

search objects was balanced, and each object was represented with each cueing method across 

participants to avoid sequence effects. Participants were randomly assigned to one of the six 

resulting sequences. After this assignment, participants started downloading the 

corresponding version of the learning environment onto their PCs. Then, a picture and sound 

test followed, along with the evaluation of prior knowledge, interest in the learning content 

and VR experience. Finally, participants were instructed on how to run the desktop-VR 

learning environment. In the virtual workshop, participants had to locate 16 objects (15 + 1 

trial object at the start) with a virtual laser pointer controlled with the PC mouse. The objects 

were evenly distributed in the learning environment. While participants searched for the 

various handicraft objects, such as hammers and brushes, a male human voice from off-screen 

narrated learning content about these objects (duration per object: between 27 and 75 

seconds). The search tasks were shown on a user interface (UI) for 4 seconds, containing a 

picture of the object and a search prompt such as <Please find the hammer=. After this UI had 

disappeared, a smaller version remained in the upper right corner. When participants selected 

the correct object, a confirmation UI was superimposed over the learning environment until 

the narration for the object was finished. If participants were unable to find an object after 300 
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seconds, the task was registered as incomplete, and the next search task began. At the 

beginning of each task, participants' FOV was automatically returned to the same starting 

position within the 360° scene. The cueing was implemented as follows: in the movement cue 

condition, the cued object moved slightly in three-dimensional space ("shaking"), and in the 

light cue condition, the cued object was illuminated with a reddish light that imitated the light 

of a projector. For an illustration of the learning environment, see Figure 3. 

 

Figure 3 

The learners’ perspective of the learning environment 

 

Note. (1)–(7) Step-by-step sections of the learning environment in a clockwise direction; (8) 

Example of a UI with a search prompt; (9) Example of an object with a light cue. 

 

While participants solved the search task, the learning environment recorded the search 

times (in seconds2). After completing the learning environment, the learning outcomes were 

 
2 This unit (i.e., seconds) was used because it ensured reliable measurements using the Unity Delta Time 

on computers with different performance levels that display the learning environment with different FPS 

numbers. 
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assessed using a knowledge test of 45 open-ended questions in a short answer format (3 for 

each of the 15 objects) dealing with factual knowledge from the narration. These open items 

were later rated by two independent raters assessing the correctness of the answers with a 

coding scheme. Then, the participants’ mental spatial representation of the spatial structure of 

the VR environment was captured using 15 screenshots (i.e., one per object) of the 

environment. In these screenshots, the 15 search objects were not displayed. Instead, 

participants were asked which search object used to be in a marked location in the screenshot 

during the learning environment (see Figure 4 for an example). Finally, the demographic data 

were collected. 

 

Figure 4 

Mental spatial representation survey 

 

Note. Participants were asked which item had been placed in the marked location (red square) 

during the search tasks. 

The experiment revealed a significant effect on search times, with Bonferroni-adjusted 

post-hoc tests showing that search times were significantly reduced for objects highlighted 

with the movement cue compared to both other conditions, whereas no significant difference 

could be found between objects located with the light cue and objects located without cues. 
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Thus, the first hypothesis could only be confirmed for the movement cue. The light cue, 

however, did not facilitate searching, possibly because light cues highlight objects statically, 

attracting less attention than movement cues, which aligns with prior research indicating that 

movement attracts attention automatically (Jiang et al., 2018). Furthermore, in a within-

subject design where participants were unaware of which cue would appear next, the static 

light cue, which guided attention in a less automatic way, may have been at a disadvantage. 

Further, the experiment also revealed that cueing had no effect on both learning 

outcomes and on the formation of mental spatial representation, contradicting the second and 

third hypotheses. A possible explanation for the lack of effect on learning could be that the 

search times were drastically shorter than expected over all conditions (M = 10.27, 

SD = 5.67); hence, participants had ample time to solely focus on the narration, which took 

between 27 and 75 seconds (M = 44.13, SD = 13.30). Therefore, the overlap between the 

search task and narration was less substantial than intended, leading to a drastic shortening of 

the narration for Experiment 2.2. Regarding mental spatial representation, several factors may 

explain why it was not affected by cueing. One possible explanation was the generally low 

performance in the mental spatial representation test, potentially arising from a mismatch 

between the dynamic nature of the tasks and the static assessment methods employed. 

Another factor might have been the short search times and the accompanying covering of the 

environment after object selection. Thus, it is possible that cueing effects could have emerged 

if the mental spatial representation had been assessed in a more dynamic way and the learning 

environment had remained visible through the remaining narration.  

To conclude, movement cues effectively guided attention, while light cues did not. 

However, neither cueing method impacted learning outcomes, possibly due to the limited 

overlap between the search tasks and learning content. The future experiments would thus 

shorten the narration to increase the overlap with the search task and additionally adopt a 

between-subject design to improve cue predictability. 
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2.3 Experiment 2.2  

Employing the changes suggested by the results of Experiment 2.1 (i.e., using a 

between-subject design and a shortened narration), for this experiment, I preregistered the 

hypotheses that the search task would be solved faster if objects were highlighted by the 

movement cue. Moreover, I assumed that learning outcomes would be better when the search 

task in the learning environment was supported by the movement cue. To better understand 

the reasons for possible cueing effects, Experiment 2.2 also included the cognitive load scale 

by Andersen & Makransky (2021), which measures cognitive load on an 11-point Likert scale 

and was adapted to fit the learning environment3. This scale was specifically designed for 

immersive learning environments and considers extraneous cognitive load from interaction 

and environment, not just instructions. In immersive settings, interaction, environment, and 

instructions might each affect extraneous cognitive load and may hinder learning. Thus, 

differentiating these factors could be essential for optimizing instructional design in 

immersive media and for enabling meaningful comparisons with less immersive media. Thus, 

I further hypothesized that the environmental extraneous cognitive load (see the scale by 

Andersen & Makransky, 2021) would be lower in a movement cue condition. Since the light 

cue did not affect any of the dependent variables in Experiment 2.1, I exploratively 

investigated the effect of the light cue in this experiment. Further, I investigated the effect of 

cueing on presence, which was measured using a scale from Makransky et al. (2017) in the 

German version (Volkmann et al., 2018) that assesses physical presence and self-presence on 

a 5-point Likert scale. 

Experiment 2.2 was completed by 179 participants recruited via Prolific, with the 

experiment running on LimeSurvey. Due to the predefined exclusion criteria, twenty 

participants had to be excluded. Thus, the final sample consisted of 159 German-speaking 

 
3 Originally the instrument covered laboratory safety, thus we adapted it to the virtual workshop in our 

experiments. Additionally, we used the term virtual environment instead of simulation. 
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participants (80 males, 77 females, 2 diverse; Mage = 30.23, SD age = 9.11). Cueing was 

manipulated between subjects (factor levels: light, movement, and no cueing), and 

participants were randomly assigned to one of the three conditions.  

In addition to the modifications resulting from Experiment 2.1, namely the 

implementation of a between-subject design and the shortened narration (i.e., 8 to 16 seconds 

per object; M = 12.91; SD = 2.34), in Experiment 2.2, participants only solved 12 search tasks 

(11 search objects and 1 practice trial at the beginning). Apart from these changes, the 

environment resembled the one used in Experiment 2.1. Furthermore, the procedure was 

similar to Experiment 2.1, with an additional assessment of cognitive load and presence after 

the learning environment but no assessment of mental spatial representation. Learning 

outcomes were measured using 22 open items selected from the item pool from Experiment 

2.1. These items were chosen after removing those no longer covered by the shortened 

narration. From the remaining items, those that were too easy or too difficult were further 

excluded. The correctness of the answers was assessed by two independent raters according to 

a coding scheme.   

The results revealed a significant effect of cueing on search times, with Bonferroni-

adjustment post-hoc tests revealing that both light cue and movement cues led to faster search 

times compared to the condition without cueing. The movement and light cue conditions did 

not differ significantly. Thus, the first hypothesis that the movement cue reduces search times 

could be confirmed. Furthermore, explorative analyses also revealed an effect for the light 

cue, indicating that both cues effectively guided attention. Regarding the learning outcomes, 

this experiment revealed a significant effect of cueing, with Bonferroni adjusted post-hoc tests 

showing that the light cue led to better learning outcomes than the movement cue. The light 

cue, however, did not differ from the condition without cueing, and neither did the movement 

cue. Thus, the second hypothesis could not be confirmed. The finding that only light cues 

facilitated learning, while movement cues did not, may be elucidated by the results of the 
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exploratory analyses on presence. The explorative analyses revealed a significant effect of 

cueing on physical presence, with Bonferroni-adjusted post-hoc tests showing that the 

movement cue lowered physical presence compared to the condition without cueing. The 

movement cue, however, did not differ from the light cue, and the light condition did not 

differ from the condition without cues. Regarding self-presence, there was no effect of cueing. 

However, since CAMIL (Makransky & Petersen, 2021) emphasizes the importance of 

presence for learning in VR, the disruption in presence caused by the movement cue could 

have hindered learning. 

Regarding the third hypothesis, this experiment revealed no effects of cueing on 

extraneous cognitive load on any of the subscales, implying that this hypothesis could not be 

confirmed. Overall, participants reported low cognitive load. The low cognitive load ratings 

could be attributed to the design of the dual-task, where participants may have focused 

primarily on the search tasks; hence, only considering this task in their rating (Hazeltine et al., 

2002). If this was indeed the case, the short search times and low extraneous cognitive load 

ratings suggest that participants probably perceived the search task as relatively easy, which 

might also explain why cueing had no significant impact on their cognitive load.  

Based on these results, for Experiment 3, I intended to test a cueing method that guided 

attention efficiently without reducing presence and to compare it to the light cues from the 

Experiments 2.1 and 2.2. My assumption was that as pedagogical agents could use their 

position, and gaze to guide attention, using them to implement cueing might be worthwhile 

(Pejsa et al., 2015; Speicher et al., 2019). A pedagogical agent might, moreover, add 

additional social presence to the learning material. 

2.4 Experiment 3 

In Experiment 3, I compared the effects of cueing provided by a pedagogical agent to 

the light cue and a condition without cueing in HMD-VR. Moreover, I intended to test 

whether the light cue worked as well in HMD-VR as it did in desktop-VR. For Experiment 3, 
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I preregistered the hypotheses that the search task would be solved faster if the object was 

highlighted by either a pedagogical agent cue or a light cue. Moreover, I assumed that the 

learning outcomes would be better when the search task in the learning environment was 

supported by either cueing method. I further assumed that the mental spatial representation of 

the learning environment would be better when the search task was not supported by cueing. 

Finally, I hypothesized that social presence would be highest when the search task was 

supported by the pedagogical agent cue. 

This laboratory experiment was completed by 91 participants (46 males, 45 females; 

Mage = 37.44; SDage = 14.28), none of whom had to be excluded. Cueing as the independent 

variable, with the factor levels pedagogical agent cue, light cue, and no cue, was manipulated 

between subjects. Participants were randomly assigned to one of these conditions. Regarding 

procedure, as in the previous desktop-VR experiments, prior knowledge, interest in the 

content, and VR experience were first assessed.  

The VR learning environment in Experiment 3 was then presented on a Pico Neo 2 Eye, 

which is a stand-alone VR headset with six degrees of freedom (DoF) tracking, a 101° field of 

view, and a 75Hz refresh rate. The VR environment and tasks resembled the environment 

from Experiment 2.2 with only a few changes. Since in Experiment 3, participants had to 

physically turn around to perceive the whole scene and select the search objects with the right 

VR controller, participants were not automatically returned to a fixed starting position for 

each task to avoid motion sickness. Instead, they started the next task at the position where the 

last one ended, unlike in Experiment 2.2. To accommodate this change, some object positions 

were slightly altered to avoid the subsequent search object occupying the same FOV as the 

one in the previous task. After the UI with the prompt for the search task disappeared, a small 

thumbnail of the UI appeared on the virtual pinboard to enable participants to recall the 

current task. The identical narration from Experiment 2.2 was either presented by the 

pedagogical agent or via an off-screen voice. The selection of the correct object was 
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confirmed with a green check appearing in the middle of the participants’ field of view, which 

remained there until the narration was completed.  

The cueing was implemented by placing the pedagogical agent in close proximity to the 

search objects, using a full-body representation with conversational gestures that did not 

include deictic functions (Davis, 2018), and using speech mimicry while presenting the 

content. At the beginning of each task, the agent looked at the learners and then performed 

occasional gaze shifts towards the search objects, giving the learners additional hints about 

the objects’ position. Before the start of each task, the agent was repositioned during a black 

overlay between tasks. The pedagogical agent was designed as an adult male and wore the 

craft clothing that was rated as credible in Experiment 1. The light cue was implemented as in 

Experiments 2.1 and 2.2. After finishing the learning environment, participants evaluated their 

learning experience regarding cognitive load and presence using the same instruments as in 

Experiment 2.2, with social presence being additionally measured in this experiment. 

Afterwards, participants completed the same knowledge test as in Experiment 2.2 and solved 

the mental spatial representation test that assessed how well the participants remembered the 

positions of the search objects. The mental spatial representation test resembled the learning 

environment and was presented on the PICO Neo, with two changes: red question marks were 

inserted as placeholders instead of the search objects; and there was no narration. The mental 

spatial representation test comprised twelve tasks mirroring the learning environment, each 

introduced by prompts such as <At which position was the hammer located?= Participants 

were instructed to identify the location of the object for each task by selecting the 

corresponding question mark that indicated its position. Participants had a maximum of 30 

seconds per object and could within this timeframe repeatedly attempt to locate the correct 

placeholder. For an illustration, see Figure 5. Finally, participants provided their demographic 

data.  
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Figure 5 

Mental Spatial Representation Test 3 Experiment 3 

 

Note. Participants were asked which red question mark represented the search object in 

question in the learning environment and to select it using a virtual laser pointer.  

 

Results revealed an effect of cueing on search times, while post-hoc tests with 

Bonferroni adjustment showed that the pedagogical agent and the light cue both led to faster 

search times compared to the condition without cues, confirming the first hypothesis. The 

pedagogical agent cue and the light cue were equally effective in guiding attention.  

Regarding the second hypothesis, cueing had no significant effect on learning 

outcomes. A possible explanation for this could be that the participants did not perceive a 

lower extraneous cognitive load with cueing (i.e., there was no significant effect on cognitive 

load on any of the subscales). This suggests that the cueing did not free cognitive resources 

for deeper engagement with learning materials. Moreover, the active nature of the search task 

may have been the primary focus, reducing attention to learning materials and rendering 

cueing ineffective. In addition, the overall level of cognitive load in Experiment 3 was even 
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significantly lower than in Experiment 2.2, which further reinforces the likelihood of an even 

stronger focus on the search task. 

The learning outcomes for the pedagogical agent could also possibly be closely tied to 

the results of presence that were analysed for the fourth hypothesis. Those results revealed 

that there was no effect of cueing on social presence. However, cueing significantly 

influenced physical presence and self-presence. For physical presence, a post-hoc test with 

Bonferroni adjustment revealed that the pedagogical agent cue significantly lowered physical 

presence compared to the condition without cueing. However, it did not significantly lower 

the physical presence compared to the light cue. Moreover, the light cue did not significantly 

differ from the condition without cueing. Regarding self-presence, a Bonferroni adjusted post-

hoc showed that the pedagogical agent cue decreased self-presence compared to the other 

conditions, whereas the light cue did not differ from the condition without cueing. Thus, the 

fourth hypothesis could not be confirmed.  

Possible explanations as to why the pedagogical agent did not influence social presence 

might have had something to do with the agent's voice, which was the same in all conditions. 

Although it was off-screen in the conditions without the agent, it may have provided a 

consistent level of social presence. Moreover, the short duration of the learning environment 

possibly hindered the establishment of a social connection. Further, the decline in physical 

and self-presence may have been due to the agent's lack of representational fidelity, despite 

attempts at realism, potentially causing an <uncanny valley= effect (Mori et al., 2012). This 

effect suggests that as the resemblance to humans increases, the viewer's emotional response 

becomes more positive, but when the resemblance is close yet imperfect, it suddenly dips into 

a "valley" of unease or revulsion before rising again as the likeness becomes fully human. As 

in Experiment 2.2, this reduction in presence might have hindered more successful learning in 

the pedagogical agent condition (Makransky & Petersen, 2021).  
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Regarding the third hypothesis, results revealed no effect of cueing on mental spatial 

representation. Thus, the third hypothesis could not be confirmed.  However, the absence of 

adverse effects of cueing on participants' mental spatial representation aligns with previous 

research, suggesting that cueing within the field of view does not have the same negative 

impact as navigational aids on separate devices, which often result in divided attention 

(Stefanucci et al., 2022). Maintaining a consistent perspective between the learning 

environment and the mental spatial representation test may have additionally facilitated the 

overall good performance in the mental spatial representation test, preventing the negative 

effects of cueing. 
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3 Discussion 

In this dissertation, I conducted four experiments. Experiment 1 focused on ensuring the 

thematic appropriateness of the assets for the setting in all upcoming (desktop-) VR 

environments, as well as the agents’ clothing for Experiment 3. The three subsequent 

experiments investigated the effects of different cueing methods (light cues, movement cues 

and cueing provided by a pedagogical agent) on search times and learning outcomes in 

desktop-VR and HMD-VR environments. Additionally, Experiments 2.1 and 3 measured the 

mental spatial representation of the layout, while Experiments 2.2 and 3 measured presence 

and cognitive load. Experiments 2.1 and 2.2 were completed online and used desktop-VR, 

while Experiment 3 was conducted in a laboratory and used HMD-VR.  

3.1 Cueing in (desktop)-VR: Search Times 

 In total, three of the experiments investigated the effects of different cueing methods 

(i.e., movement, light, and pedagogical agent) in desktop-VR and HMD-VR environments on 

search times. The results imply that all cueing methods could successfully reduce search times 

in a between-subject design. However, only the movement cue reduced search times in a 

within-subject design (Experiment 2.1). It would thus appear that light cues attract less 

attention than movement cues because they are more static, which has been corroborated in 

previous research (Jiang et al., 2018). Furthermore, given that in the within-subject design 

participants had to deal with different cues from task to task, the accompanying lack of 

predictability may also have been disadvantageous for cueing methods that are less salient 

due to their static nature.  

Addressing the issue of predictability, Experiment 2.2 investigated whether light and 

movement cues affect participants’ search times in a between-subject design employing 

desktop-VR. In Experiment 2.2, both cues significantly decreased search time, hence both 

cues seem to guide attention successfully, supporting the assumption that while movement 

cues guided attention automatically in both predictable and unpredictable scenarios, light cues 
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need a predictable scenario in which participants can anticipate the upcoming cue to work 

effectively. Further, in a predictable design in HMD-VR, the light cue seemed to reduce 

search times just as effectively as in a predictable desktop-VR environment. The pedagogical 

agent cue also effectively improved search times. However, in this dissertation, evidence for 

this was limited to results obtained within a predictable HMD-VR environment. Furthermore, 

using a pedagogical agent cue in a within-subject design may introduce additional challenges 

other than predictability in that repeated appearance and disappearance of the agent across 

tasks could significantly undermine representational fidelity, potentially diminishing presence 

(Makransky & Petersen, 2021). Thus, testing how a pedagogical agent cue would perform in 

an unpredictable scenario is still an open research question. The following section discusses 

the extent to which these effects influence learning outcomes. 

3.2 Cueing in (desktop-) VR: Learning Outcomes 

Even though cueing seemed to effectively guide attention in most scenarios, it 

exclusively supported learning in a predictable between-subject desktop-VR scenario. The 

hypothesis that cueing in a dual-task might support overall performance was based on 

previous research that showed that supporting one task in a dual-task enhanced overall 

performance, for instance by training or cognitive offloading (A. D. Bender et al., 2017; 

Grinschgl et al., 2021). Since in Experiment 2.1 the search times were drastically shorter than 

expected the overlap between the search task and the narrated content was not as substantial 

as intended. Thus, the hypothesis that was based on the competition for cognitive resources 

might not have applied: participants had ample time to focus on the learning task, which 

might have rendered cueing ineffective.  

In the experiments (2.2 & 3), in which participants actually had to engage in a dual-task, 

both experiments used a between-subject design to ensure the predictability of the upcoming 

cues. However, the light cue only positively affected learning in desktop-VR and resulted in 

significantly higher learning outcomes in desktop-VR (M = 8.76; SD = 3.50) than in HMD-
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VR (M = 6.68; SD = 3.38). However, both these results were drawn from two different 

experiments using different mediums (i.e., one sample was conducted online and the other in 

the laboratory). Additionally, beyond employing a different medium, other disparities existed 

between these experiments. For instance, the mini user interface, which was positioned in the 

upper right corner of the participants’ FOV in the desktop-VR, was placed on a virtual 

pinboard in the HMD-VR. Moreover, in the desktop-VR, participants began each task from 

the same starting position, while in the HMD-VR, they commenced the next task from the 

position where the previous one ended, to prevent motion sickness from a forced return to a 

fixed starting point. Despite these differences, this observation may also suggest that 

immersive HMD-VR may have presented greater challenges due to the physical movement 

required to perceive the environment and the greater extent of visual input, compared to 

navigating desktop-VR on a PC monitor using a mouse and keyboard. Additionally, the use of 

a headset in HMD-VR may have been more unfamiliar for many of the participants than the 

more conventional PC setup, which might also explain the poorer learning outcomes. To 

conclude, further systematic investigation is needed to understand why cueing failed to 

sufficiently alleviate cognitive demands and promote learning success in the more immersive 

HMD-VR, despite effectively aiding orientation. Nevertheless, the finding aligns with prior 

research by Makransky et al. (2019) that also reported decreased learning in immersive HMD-

VR compared to desktop-VR, although this research did not focus on the effects of cueing.  

One possible explanation for the difference in learning effectivity between desktop-VR 

and HMD-VR concerns cognitive load, which was not affected by cueing in either of the 

experiments. Thus, despite all cueing methods effectively reducing search times, participants 

did not seem to perceive their extraneous cognitive load as lower in the cueing conditions. 

Hence, cueing does not seem to result in a noticeable liberation of cognitive resources. In 

general, participants reported experiencing relatively low levels of all types of cognitive load 

in both experiments. However, it is noteworthy that participants rated their cognitive load for 
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every sub-scale significantly lower in HMD-VR than in desktop-VR, which seems 

counterintuitive but might be due to the tasks’ design. Even though participants were 

informed about a knowledge test related to the narrated content in the instructions prior to the 

learning environment, the prompts within the VR environments focused exclusively on the 

search tasks. Additionally, the more active nature of the search task – reading the user 

interface, actively navigating the environment while scanning for the search objects – may 

have led participants to perceive the search tasks as the main priority. Therefore, the 

participants’ attention might have been more captured by the active tasks, as the learning 

content only required passive listening. This might have led participants to base their rating 

entirely on the search task, which may have been considered easy, resulting in the lower 

ratings for extraneous cognitive load. The differences, especially in extraneous cognitive load, 

however, imply that the focus on the search tasks may have been so intense in HMD-VR that 

little attention was paid to the narration, rendering cueing ineffective. In general, perceiving 

one task as the main task is a frequently discussed issue in research on dual-task paradigms 

(Hazeltine et al., 2002). This interpretation also aligns with two studies (Jackson et al., 2023a, 

2023b) that investigated dual-task performance involving a search task and a word recall task 

(i.e., a visual and an auditory tasks, respectively). Both studies found significant performance 

decrements in dual-task conditions compared to single-task performance. In the visual search 

task, participants navigated a simulated environment, searching for hidden objects (suitcases) 

while either receiving written or narrated words to memorize. This setup revealed that 

participants found significantly fewer search objects and recalled fewer words in the dual-task 

condition. Both studies highlight the issue of task prioritization, emphasizing that participants 

tend to prioritize the search task (i.e., the more active task) over the memory task (Jackson et 

al., 2023a, 2023b).  

Another possible explanation involving cognitive load might also be related to the type 

of knowledge that should be learned. The narration mainly focussed on factual knowledge, 
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which according to Bloom’s taxonomy is only the first level of processing since a deeper level 

of understanding is not necessary to recall information (Bloom, 1956). However, simply 

memorizing factual knowledge may not have been particularly engaging for participants, 

resulting in low germane cognitive load. However, given the challenges associated with dual-

tasking, creating more difficult learning materials for these experiments did not seem prudent.   

In line with that, the impact of cueing on presence should be considered. Presence was 

significantly higher in HMD-VR than in desktop-VR, as was to be expected given prior 

research (Shu et al., 2019; Slater & Sanchez-Vives, 2016). Considering the implications 

formulated in CAMIL (Makransky & Petersen, 2021), the HMD-VR should have therefore 

led to superior learning compared to the desktop-VR. However, since CAMIL (Makransky & 

Petersen, 2021) also implies that highly immersive HMD-VR environments might be 

particularly beneficial for procedural knowledge rather than factual knowledge, the higher 

presence in Experiment 3 may not have resulted in better learning due to a mismatch between 

the highly immersive learning environment and the type of knowledge conveyed in this 

experiment.  

Nevertheless, it seems noteworthy that in both experiments the conditions that lowered 

presence, namely the movement and pedagogical agent cues, resulted in the poorest learning 

results, even though the effect on learning was only significant in Experiment 2.2. The 

reasons why the movement cues and the pedagogical agent cues lowered physical presence, 

and the pedagogical agent moreover reduced self-presence, may be attributed to their effect 

on representational fidelity. According to CAMIL (Makransky & Petersen, 2021), 

representational fidelity, which can be understood as the degree to which the representation 

accurately reflects reality (Dalgarno & Lee, 2010; Makransky & Petersen, 2021), is a key 

factor that influences presence. Thus, cues that lower representational fidelity might not be 

beneficial for learning. The movement cues may have disrupted presence because, in reality, 

objects do not typically move on their own. Regarding the pedagogical agent, the decline in 
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physical and self-presence could have been due to various factors, such as the agent's 

repositioning. This repositioning meant that at the start of each task, the pedagogical agent 

was repositioned to represent the new FOV in which the search object had been placed. Even 

though this repositioning was not directly visible to participants due to a black overlay, it 

could have been disruptive. Further, following recommendations by Dai et al. (2022), the goal 

for Experiment 3 was to create a highly embodied pedagogical agent with realistic 

movements such as breathing, gesturing, idle positions (i.e., slightly moving after the 

narration had finished), and facial expressions while narrating. While this approach aimed to 

design an agent that closely resembled a real person, it may not have achieved sufficient 

realism, potentially resulting in the so-called uncanny valley effect (Mori et al., 2012). This 

phenomenon suggests that the likability of artificial characters increases as they become more 

human-like but abruptly decreases when they become close to the level of real people. These 

characters almost resemble real people but still show slight hints of artificiality, which causes 

discomfort for many people. In light of this uncanny valley effect (Mori et al., 2012), creating 

fully human-like characters or clearly artificial ones could both be potential solutions. 

However, recent findings suggest that highly realistic video instructors might not enhance 

learning, possibly because they draw too much attention to themselves (Wenjing Li et al., 

2024). Thus, it remains unclear whether the likely increase in the presence of more realistic, 

human-like characters, which may have the potential to influence learning, ultimately leads to 

improved outcomes. Overall, there may have been several reasons why presence was 

diminished by the movement and the pedagogical agent cues, whereas artificially illuminating 

objects may be more acceptable or <normal=, thus explaining why it did not reduce presence. 

 Furthermore, regarding social presence, the pedagogical agent unexpectedly did not 

have a positive effect. One possible explanation could be that the narration, delivered by the 

pedagogical agent, originated off-screen in the light cue and control condition, possibly 

conveying a level of social presence that could not be enhanced by the agent's visual image 
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(also see Mayer, Dow, et al., 2003). Additionally, the learning environment only lasted about 

five minutes, making it hard for participants to form a social connection with the agent. 

Moreover, the study took place in a laboratory setting where one member of the research team 

(and sometimes another participant) was present. This consistent social presence might have 

overshadowed the potential effects of the agent.  

To conclude, these results shed light on the conditions under which cueing might be 

effective in a VR dual-task. Regarding attention guidance, the predictability of the upcoming 

cue seems to be crucial, as well as maintaining a high level of presence. However, the higher 

levels of presence that HMD-VR provided did not necessarily lead to better learning. Hence, 

investigating different learning content, such as procedural knowledge, may be worthwhile, as 

highly immersive HMD-VR may not be ideal for factual knowledge content. The following 

section discusses the results regarding mental spatial representation.  

3.3 Cueing in (desktop-) VR: Mental Spatial Representation 

Comparing the results from Experiments 2.1 and 3, cueing had no effect on mental 

spatial representation. However, the reasons for these results may differ between the 

experiments. Although in Experiment 3 participants picked the correct placeholder at the first 

try more often than they identified the correct missing object in Experiment 2.1, comparing 

these scores might offer only a limited insight due to the different measurement procedures.  

Concerning differences regarding the learning environment, in Experiment 2.1 the 

learning environment was covered after the correct object was selected, whereas in 

Experiment 3 a green check mark was visible in the middle of the FOV, leaving the remainder 

of the environment still visible. This may have caused the overall lower level of mental spatial 

representation in Experiment 2.1. Furthermore, given the short overall search times, 

participants in Experiment 2.1 may not have had enough time to encode object locations. 

Moreover, in the HMD-VR environment, the participants perceived the objects in a <real= 
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physical space, which may have made it easier to remember the location of objects compared 

to the PC environment. 

Further, in Experiment 2.1, participants were confronted with five search tasks 

representing each cue (plus the practice trial). Therefore, participants solved five search tasks 

without cueing. Thus, it cannot be ruled out that participants encoded other object locations 

during the tasks without cueing. As such, the between-subject design of Experiment 3 might 

be more suitable to investigate whether cueing influences the formation of a mental spatial 

representation. Moreover, in Experiment 2.1 several large objects were included (e.g., a 

cupboard and a stationary saw), which were excluded from Experiment 3. The reason for 

explicitly reducing the number of large objects in Experiment 3 concerned the differences 

regarding the learning environments and the assessment method. In Experiment 2.1, it may 

have been possible during the test phase to easily identify a missing object based on its size 

and the size of its corresponding mark in the screenshot, even without having encoded the 

object's position during the learning phase. Thus, the number of positions that participants 

genuinely remembered may have been even lower in this experiment. By contrast, 

Experiment 3 used question marks in the test phase that were the same size regardless of the 

size of the object they represented.  

Regarding the assessment methods used in these experiments, there were also several 

differences. Experiment 2.1 assessed mental spatial representation with a static method (i.e., 

screenshots), which could have been detrimental since the tasks in the learning environment 

were dynamic. This resulted in a mismatch between the encoding and the testing. Moreover, 

learners to some extent may have also relied on spatial dynamic information (i.e., how far 

they had turned) to remember the object positions. Therefore, Experiment 3, which was 

conducted in the laboratory, employed a dynamic assessment method using the HMD.   

However, the dynamic assessment method that maintained a consistent perspective with 

the learning environment and allowed the same movement in the 360° scene may have 
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facilitated the task because participants possibly also recalled their movements (e.g., that they 

had turned their head up or down for a specific object). Furthermore, in Experiment 2.1, 

participants were asked to name which object was in a marked position (i.e., <Which item was 

placed in the marked location?=). They therefore had to recall both the object’s name and 

associate it with a specific position. In Experiment 3, however, participants only had to 

specify the position of a given object (e.g., <At which position was the hammer located?'). 

Thus, in Experiment 3, to achieve a high score in the assessment, the participants only had to 

remember half the amount of information to achieve the same score as the participants of 

Experiment 2.1. Nevertheless, despite being easier, the assessment method in Experiment 3, 

which allowed participants to retry after selecting the wrong placeholder, provided broader 

insights as it not only evaluated whether participants succeeded but also when, and after how 

many mistakes, they achieved success. Overall, even though these differences mean that a 

direct comparison of results may not be ideal, the fact that the results from Experiment 3 were 

descriptively better than those in Experiment 2.1 is in line with the findings of Renganayagalu 

et al. (2021), which suggests that immersive media may be more advantageous for promoting 

mental spatial memory. 

However, despite these differences, it is noteworthy that both experiments did not reveal 

an effect of cueing. Since Experiment 2.1 resulted in very low scores, the insignificant effect 

of cueing might have been due to floor effects. However, since in Experiment 3 with better 

scores there was also no effect of cueing, other reasons need to be considered. As research 

regarding desirable difficulties suggests that more perceived effort in the learning phase often 

results in better learning (de Bruin et al., 2023), the stronger retention of objects, evidenced 

by a low number of mistakes made, and the corresponding low germane cognitive load might 

indicate that participants did not perceive the task as difficult, regardless of cueing.  

Further, as Gardony et al. (2013) suggest that impairments observed in previous studies 

on navigation aids may stem from a shift between first-person perspective navigation during 
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the learning phase and a survey-like assessment (e.g., viewing from above) during the test 

phase, maintaining the same perspective might alleviate some of those impairments. 

Moreover, the findings of both experiments align with research by Stefanucci et al. (2022), 

indicating that integrated cues provided within the environment may not have the same 

negative impact as navigational aids presented on separate devices like GPS tools. Integrated 

cues do not require users to divert their attention to an external device that could distract 

attention from the physical surroundings. 

Furthermore, when participants are aware that their spatial memory will be tested later 

(as they were), they may place greater importance on the information. According to the 

cognitive architecture of digital externalisation outlined by Skulmowski (2023), a high 

perceived value of information leads to less offloading behaviour and greater engagement in 

memorizing the information. Conversely, a high extraneous cognitive load increases 

offloading. The results from Experiment 3 align with Skulmowski (2023), as participants, 

having been informed about the test and rating their extraneous cognitive load as low, 

memorized the object locations regardless of cueing. In summary, while no adverse effects of 

cueing were observed in these experiments, such effects cannot be entirely ruled out, 

particularly in scenarios involving a greater number of objects to memorize or larger VR 

environments. Finally, in the next section, I will discuss the limitations of the research 

conducted in this dissertation. 

3.4 Limitations and Directions for Future Research  

This research was subject to some limitations. Exploring alternative cueing methods in 

VR seems necessary because of the various advantages and drawbacks associated with each 

approach. Future research should concentrate on creating cues that integrate the strengths of 

the examined methods while avoiding their potential drawbacks.  

First, the movement cue, as implemented in Experiments 2.1 and 2.2, might be 

applicable when the focus is on fast orientation instead of learning. However, whether 
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adaptations of the movement cue, such as using naturally occurring movements (for example, 

leaves moved by the wind or a ticking clock) might result in a different evaluation of presence 

and thus potentially better learning results could also be a valid path of enquiry. Further, the 

absence of measurements for presence and cognitive load in Experiment 2.1, due to concerns 

that self-assessment after each search task in a within subject design could have caused 

disruption, means other potential explanations (besides the limited task overlap) for why 

cueing did not facilitate learning in Experiment 2.1 cannot be excluded. This limitation in 

Experiment 2.1 may also highlight the need to explore alternative methods for measuring 

cognitive load in VR, such as utilizing eye-tracking to assess pupil diameter, as it might be 

possible to apply these measurements in real-time during the task (Souchet et al., 2022). 

However, since these measurements may leave room for interpretation, particularly regarding 

the distinction between visual fatigue and cognitive load, they may not entirely replace self-

assessments (Souchet et al., 2022).  

Further, the light cue could have limitations in scenarios with several objects in close 

proximity to each other, possibly emphasizing the need to investigate adaptive variations. 

These might include adjusting the broadness of the light cone or turning up the objects’ 

inherent colour luminosity when the learners are far away and adjusting it back to a regular 

level to uphold representational fidelity when the learners get closer. Furthermore, the use of a 

flickering light could pave the way for intriguing research as it has the potential to combine 

the benefits of dynamic cues that naturally attract attention through movement and 

adaptiveness. This could be achieved by modulating the flicker frequency, for instance, 

accelerating the flicker to draw attention when participants are far away and reducing or 

halting it as they come closer to their target. Whether these adaptations would lead to a more 

automatic directing of attention and to what extent these methods could influence presence 

would be an interesting approach for further investigation, although these methods may also 
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influence representational fidelity as light does not usually flicker systematically in the real 

world. 

The pedagogical agent cue was helpful to guide learners to a relevant field of view. 

However, subsequent gaze-cueing might also have limitations when several objects are in 

small areas because it might lack precision. Furthermore, in Experiment 3, only one pattern of 

gaze movements (i.e., looking at the participant, then looking at the object, and finally 

looking back at the participant) was displayed. Since this varied regarding the degree of head 

and upper body movement to reflect the search objects’ position (i.e., the agent looked at 

certain objects by turning his upper body, whereas other objects were focussed using only 

head/eye- movements), future research should systematically investigate the effects of a 

pedagogical agent’s gaze in a 360° scene. Moreover, as previously mentioned, relocating the 

agent between tasks may interrupt presence. Therefore, alternative methods could involve 

implementing smoother transitions between search tasks. For instance, a more seamless 

repositioning when the agent walks to a new location could mitigate the adverse impact on 

presence. Building on research by Speicher et al. (2019), which proposes that tracking a 

person's movements can effectively direct attention in VR videos, it would also be plausible to 

consider whether tracking an agent could similarly guide attention in VR learning 

environments. Moreover, since I only tested the pedagogical agent cue in a predictable 

between-subjects design, it remains an open question whether this method is capable of 

guiding attention in an unpredictable scenario. However, using a pedagogical agent in a 

within-subject design might negatively impact presence, as the disappearance and re-

appearance between tasks might negatively affect representational fidelity.  

As previously mentioned, there may be more than one possibility of improving cueing 

with pedagogical agents, as designing a <fully= human-like agent and an obviously cartoon-

like depiction might both be valid choices to avoid the uncanny valley effect (Mori et al., 

2012). In addition, the advantages of pedagogical agent cueing in applications over an 
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extended period should also be considered, as this might possibly encourage learners to feel a 

"social connection" with the agent.  

Further, shortening the narration in Experiments 2.2 and 3 intentionally increased the 

overlap between the two tasks, possibly increasing overall task difficulty. However, since 

Experiment 2.1 did not include a measurement for cognitive load, this increased difficulty can 

only be assumed. Moreover, contrary to original expectations, this increased task difficulty 

was not reflected by high extraneous cognitive loads in Experiments 2.2 and 3 and, thus, did 

not necessarily lead to better learning outcomes when the difficulty of the search tasks was 

allegedly alleviated by cues, the exception being in desktop-VR with undiminished presence. 

Thus, systematically varying and measuring task difficulty in both desktop-VR and HMD-VR 

might allow further insights into possible boundary conditions of cueing in VR dual-tasks.  

In the same vein, exploring the effects of cueing in more complex environments (e.g., 

larger virtual sets with more distractors) (Botch et al., 2023) could bolster understanding of 

cueing effects in different contexts. The findings of the current experiments may not 

necessarily apply to more complex VR environments because the used environment 

exclusively tested cueing in a medium-sized room where all objects could either be seen from 

the participants’ position (Experiments 2.1 and 2.2) or could be seen with only a few steps in 

each direction (Experiment 3). Moreover, in these experiments, participants were aware that 

they needed to actively search for objects, prompting them to shift their field of view to locate 

them. Therefore, it would be intriguing to test these cueing methods in scenarios where the 

objects to be found, or the specific field of view that needed to be focused on, were not 

explicitly indicated, the only instruction being to explore the virtual environment. In this 

scenario, it would be intriguing to investigate whether cueing facilitates the most thorough 

exploration. This could provide further insights into the efficacy of cueing in more ambiguous 

contexts. 
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Moreover, as previously mentioned, the potential perception of one task as the primary 

task (probably the search task) may have influenced cueing effects on learning outcomes. This 

suggests the necessity for more dynamic and interactive learning task designs in VR learning 

environments. For instance, incorporating the manipulation of 3D models could significantly 

enhance active learning. The nature of these manipulations could vary greatly depending on 

the learning context. In a chemistry lab, participants might observe chemical reactions using 

3D models of molecules, providing a tangible understanding of molecular interactions 

(Fombona-Pascual et al., 2022). In an engineering scenario, learners could engage in 

assembling machinery, honing their technical skills through a virtual yet realistic environment 

(Dolsak & Reich, 2022). Other examples might include surgical training where medical 

professionals practice complex procedures in VR (Gazit et al., 2024; Landau et al., 2024).  

Furthermore, future research could delve deeper into the effects of spatial abilities and 

how they influence navigation in virtual environments to determine which cueing approaches 

are optimal for learners with varying spatial abilities. Recent research (Brucker et al., 2024; 

Wenhao Li et al., 2024) highlights the significant impact of spatial abilities on the 

effectiveness of learning comparing HMD-VR with desktop-VR. Specifically, Wenhao Li et 

al. (2024) found that learners with low spatial abilities demonstrated superior spatial 

knowledge acquisition when using HMD-VR compared to desktop-VR. By contrast, this 

disparity was not observed among learners with high spatial abilities (Wenhao Li et al., 2024). 

Thus, given that the results concerning mental spatial representation in Experiments 2.1 and 3 

were not really comparable due to the different assessment methods, it could be worthwhile to 

further investigate how cueing might influence learners with varying spatial abilities in both 

types of VR regarding learning and the formation of a mental spatial representation. 

Moreover, the meta-analysis from Richter et al. (2016) suggests that prior knowledge is a 

boundary condition moderating the effects of cueing on learning in non-immersive learning 
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material. Hence, testing whether prior knowledge might also influence the effectiveness of 

cueing in VR learning environments could also be worthwhile.   

3.5 Conclusion 

To fully exploit the potential of VR learning environments, difficulties like user 

disorientation need to be addressed. Thus, three experiments investigated the effects of 

different cueing methods on search times (used as an indicator for successful orientation) and 

learning outcomes. Additionally, Experiments 2.1 and 3 measured mental spatial 

representation, while Experiments 2.2 and 3 assessed cognitive load and presence. 

Experiments 2.1 (within-subject design) and 2.2 (between-subject design) employed desktop-

VR, whereas Experiment 3 used HMD-VR (between-subject design).  

First, regarding search times, all cueing methods (movement, light, and pedagogical 

agent) were capable of reducing search times significantly in a between-subject design, 

whereas only the movement cue reduced search times in the within-subject design, indicating 

that movement guides attention more automatically, whereas light was more dependent on cue 

predictability.  

However, only the light cue had a positive effect on learning outcomes in Experiment 

2.2. Thus, in Experiment 2.2, the facilitation of search times seems to have freed up cognitive 

resources that led to better learning, even though there was no direct effect on self-reported 

cognitive load. With the movement cue, however, the facilitated search times did not increase 

learning. This may have been the result of decreased physical presence. However, further 

research is necessary to substantiate this finding. The pedagogical agent and the light cue both 

successfully reduced search times in HMD-VR. However, neither effect increased learning 

outcomes, possibly because in HMD-VR the focus on the search task was even stronger than 

in desktop-VR. Moreover, the pedagogical agent reduced self- and physical presence.  

Overall, the advantages and drawbacks of the three cue types examined in these 

experiments must be carefully evaluated. The movement cue improved search speed but didn't 
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enhance learning, likely due to reduced presence. It may be best suited for tasks requiring 

quick navigation rather than learning. The light cue maintained presence but improved 

learning only in predictable desktop-VR scenarios, and its precision may be limited in 

crowded environments. The pedagogical agent effectively directed attention to the relevant 

field of view but reduced presence and did not improve learning, suggesting it may be less 

efficient than the light cue, particularly in scenarios where it is not necessary to demonstrate 

tasks. Moreover, designing a highly embodied pedagogical agent without triggering the 

uncanny valley effect (Mori et al., 2012) could be a significant challenge.  

In conclusion, all the methods tested in this study were capable of directing learners’ 

attention in predictable scenarios. However, only the light cue was helpful in a simultaneous 

learning task and only in a between-subject desktop-VR scenario – not in HMD-VR. Overall, 

regarding learning outcomes, there is room for improvement. Thus, dual-tasking in VR might 

not be a good choice for fact-learning situations, although it remains an open research 

question whether a dual-task is suitable for procedural learning. None of the tested cues 

negatively influenced the mental spatial representation of the environment. Future research 

should focus on developing cueing methods that dynamically guide attention without 

diminishing presence, hence upholding a high level of representational fidelity. These 

methods should be systematically tested in different virtual environments with varying task 

complexity to identify their effectiveness and explore potential boundary conditions. 
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Do a pedagogical agent’s clothing
and an animated video’s setting
affect learning?

Daniela Decker* and Martin Merkt

German Institute for Adult Education – Leibniz Centre for Lifelong Learning, Bonn, Germany

Pedagogical agents are often used to enhance social cues in learning materials.

The inclusion of pedagogical agents raises several design questions, for example

on what kind of clothing the agent should wear. Further, it is not yet clear how

the setting of an animated learning video (i.e., the digitally created background)

affects learning. In an online experiment (N = 200), we investigated whether

creating thematically appropriate clothing and setting has some added value

in that it improves learning outcomes in comparison to more neutral assets.

Whereas all participants acquired knowledge from the animated video, there were

no main effects of clothing and setting for any of the dependent variables, but an

interaction for learning outcomes (η2p = 0.02), indicating that the appropriately

dressed agent worked better combined with the inappropriate setting than with

the appropriate setting. Overall, given those non-significant main effects and the

small effect size of the interaction, there seem to be some degrees of freedom

for designers of pedagogical agents in animated learning videos. However, these

degrees of freedom may be limited to at least moderate (i.e., neutral) levels

of appropriateness.

KEYWORDS

pedagogical agent, adult learning, distance education, online learning, clothing, setting

1. Introduction

Learning with (animated) online videos can take place in a variety of contexts, for

example as additional learningmaterial in formal education or in informal learning contexts,

where learners choose learning content self-directed and decide for themselves how they

want to learn with these materials (Lange, 2018). Given this increasing popularity among

learners and the growing opportunities for educators to create these videos, it is important

to understand how the decisions to design these materials affect learning. Regarding the

increasing possibilities to include humanlike virtual characters into animated learning

materials (i.e., pedagogical agents; Craig et al., 2002; Apoki et al., 2022), the design of such

agents becomes another factor to consider in terms of its impact on learning. Whereas it

is evident that the inclusion of a virtual pedagogical agent may serve as a social cue (Lester

et al., 1997; Li et al., 2022), there are still some open questions regarding the specific design of

the pedagogical agent as well as the content-appropriateness of the setting (i.e., the digitally

created background) in that the pedagogical agent is integrated. In this manuscript, we will

address whether designing thematically appropriate clothing and an appropriate setting for a

pedagogical agent in an animated learning video benefits learners’ evaluations of the learning

materials and learning outcomes. Before we go into detail about the empirical background
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regarding the pedagogical agent’s clothing and the setting of the

learning materials, we will give a brief overview of potential effects

of pedagogical agents in general.

1.1. The importance of social cues for
learning

Influential theories such as the cognitive load theory (CLT)

(Sweller et al., 1998; Sweller, 2011) and the cognitive theory of

multimedia learning (CTML) (Mayer, 2014) still have a strong

focus on the cognitive processes that underly successful learning.

Most importantly, both theories share the assumption that learners’

cognitive resources are limited, and learning materials should be

designed so that they do not result in cognitive overload. The

CTML further states that learnersmust actively select, organize, and

integrate incoming information to develop comprehensive mental

representations in long-term memory. In such a purely cognitive

approach, a pedagogical agent may be considered an interesting,

but irrelevant addition to the learning materials, thus constituting

a seductive detail that may increase extraneous cognitive load and

thus hinder learning (for an overview, see Rey, 2012). However,

extending these primarily cognitive theories, theories such as the

social agency theory (Mayer et al., 2003; Mayer, 2014) emerged

that emphasize the role of social cues in the learning process

(also see social learning theory; Bandura, 1977). Further, the

cognitive-affective-social theory of learning in digital environments

(CASTLE; Schneider et al., 2022), which integrates a variety of

theories on social cues, distinguishes between different types of

social cues which may activate social schemas in learners resulting

in increased (para-)social and metacognitive processes. These

processes should subsequently affect the information selection, as

well as the further processing in the working memory, which

might also influence the building of mental models in long-

term memory. In this regard, CASTLE (Schneider et al., 2022)

emphasizes the use pedagogical agents as a means to provide both

verbal and visual social cues. Therefore, including a pedagogical

agent to provide social cues should have beneficial effects on

learning due to an increased social response (Lester et al., 1997),

which is reflected in increased brain activity during learning in

areas of the brain that are usually associated with social processes

(Li et al., 2022). Moreover, social cues provided by pedagogical

agents might influence learning indirectly through factors such

as motivation (Heidig and Clarebout, 2011; Bian, 2022; Sikström

et al., 2022; Wang et al., 2023), perceived learning experience

(Grivokostopoulou et al., 2020), and the perceived expertise of a

pedagogical agent (Nguyen, 2023).

1.2. Use of pedagogical agents

Regarding the influence of pedagogical agents on recall,

transfer, and motivation, Heidig and Clarebout (2011) suggested

the pedagogical agents conditions of use (PACU) framework, due

to the rather heterogenous findings in an analysis of 26 articles. The

PACU framework includes, among others, considerations about

agent design which distinguishes between the global design level

(e.g., human vs. non-human, and static vs. animated), the medium

design level (e.g., partial vs. full display, audio output, and language

style), and the detail design level (e.g., age, gender, and clothing of

the pedagogical agent).

Further reviews (Martha and Santoso, 2019; Sikström et al.,

2022) and meta-analyses (Castro-Alonso et al., 2021) concluded

that the inclusion of pedagogical agents facilitates learning with

multimedia applications, even though the overall effects were

rather small. However, in the studies analyzed by Castro-Alonso

et al. (2021), there was significant heterogeneity regarding the

observed effect sizes and moderation analyses revealed that effects

of pedagogical agents were mostly moderated by characteristics

of the studies (e.g., the design of the control group without

the agent and type of randomization), but hardly by the agents’

design characteristics such as appearance (2D or 3D), non-verbal

communication (gestures, gaze, and facial expressions), motion

(static or animated), or voice (human or synthesized). On the

one hand, this could be attributed to power problems because

there were only few studies in some of the relevant categories

for the moderation analyses, but it could on the other hand also

hint toward the need to investigate other agent characteristics as

potential moderators. In contrast to Castro-Alonso et al. (2021) and

Dai et al. (2022) conclude that the success of pedagogical agents

highly depends on the agents’ design, especially regarding the

level of embodiment by means of gestures and facial expressions.

However, the agent’s clothing was not included in the analysis.

Further, Tao et al. (2022) focused on studies which covered different

variations of agent design such as human likeness (from cartoon-

like to photo-realistic) or gesturing. They concluded that an

agent’s degree of human likeness and attractiveness could influence

learning, but the results were mixed considering the question which

agents are preferable. Again, the effects of the agents’ clothing

were not considered. Finally, Liew and Tan (2021) focused their

systematic review on the agent’s design, especially concerning cues

for an agent’s expertise and emphasized the agent’s appearance,

including clothing as one possible cue for expertise. With regard

to clothing, they particularly emphasize that expertise cues could

be conveyed if the pedagogical agent’s clothing reflects the social

expectation of the clothing of an expert in their domain.

Since the appearance of a pedagogical agent may be linked to

its perceived expertise, it might play an important role how learners

typically imagine the appearance of a particular occupational group

(Küster et al., 2019; Liew and Tan, 2021). In this regard, Veletsianos

(2010) observed that the matching of an agent’s visual appearance

to the teaching context affects learning outcomes. In a 2 × 2

design, they varied whether the agent was portrayed as a scientist

or an artist by varying the characteristics of the face (neat short

hairstyle without beard vs. mohawk with chin beard) and whether

the agent talked about punk rock or nanotechnology. They found

that the participants rated the artist agent as more knowledgeable

than the scientist agent in the punk rock condition. However, both

agents were rated as almost equally knowledgeable in the scientific

nanotechnology domain. This finding may be due to stronger

stereotypes regarding the facial appearance of a punk rocker

compared to the facial appearance of a scientist, thus facilitating the

visual manipulation in the punk rock domain. Further, Liew et al.

(2013) also emphasized that for designing an expert-like agent, it is

crucial how learners imagine experts in a field. Their manipulation

of an expert-like agent vs. a peer-like agent was established by age

and voice (calm vs. authoritarian). Although no significant effects
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of the agents’ expertise on learning outcomes were observed, female

learners rated the expert-like agent as more trustworthy (Liew et al.,

2013). Moreover, matching the appearance of a pedagogical agent

with the associations triggered by the learning material, resulted in

superior learning in an experiment (2 × 2) in that the age of the

agent (young vs. old) was crossed with content relating to these age

categories (relating to young vs. old age) (Beege et al., 2017).

In the current study, we investigated the effects of clothing as

an attribute of pedagogical agents (detail design level, see Heidig

and Clarebout, 2011). In particular, clothing which is typical for

an expert in a field could influence the perceived expertise of a

pedagogical agent (Baylor, 2011; Küster et al., 2019). Therefore, in

the following section, we summarize research that focuses on the

effects of clothing of both humans (e.g. Johnson et al., 2014; Beege

et al., 2019) and pedagogical agents (Schmidt et al., 2019; Petersen

et al., 2021).

1.3. Effects of clothing

In general, clothing is considered to be a form of

communication that reveals information about the wearer

(Damhorst, 1990). Following symbolic interactionism (Blumer,

1969), our behavior toward a person is influenced by their clothing

and the meaning we attach to it.

In particular, clothing that is typically worn by members of

a certain professional group (e.g., soldiers, policemen, doctors,

postmen, judges, or priests) is often accompanied by an attribution

of personal expertise (Kodžoman, 2019). Therefore, not only the

perception of the competence often varies with a persons’ clothing

(Gurney et al., 2017), but also the trust invested in them. For

instance, Hartmans (2013) investigated the influence of a doctor’s

clothing on patients’ trust and their perception of medical expertise.

After viewing images of six models (three male and three female)

in three age groups (25–35 vs. 35–50 vs. >50), each wearing five

different outfits (leisure clothing vs. casual vs. semiformal vs. formal

vs. professional), participants completed a questionnaire which

revealed that patients trusted most in doctors wearing a white

coat. Thus, the study shows that patients prefer doctors dressed in

professional clothing.

In an educational context, the quality of a presentation given

by formally dressed students was rated higher than that of casually

dressed students (Gurung et al., 2014). Comparably, formally

dressed teachers were perceived as knowledgeable, well prepared,

and organized (Lukavsky et al., 1995), but less approachable

than informally dressed teachers (Butler and Roesel, 1989).

Further, Beege et al. (2019) investigated whether the clothing style

(professional vs. non-professional) and the addressing style (frontal

vs. lateral) of an instructor affect learning. In two experiments, the

authors observed that professional clothing improved retention if

the instructor in the video directly looked at the camera (frontal

addressing style) (Beege et al., 2019). A more recent study by

Beege et al. (2022) moreover emphasizes that the effects of the

instructors’ professional appearance on learning and para-social

interactions are enhanced when the instructor also communicates

professionally.

Only few studies investigated the effect of pedagogical agents’

clothing. For example, Küster et al. (2019) observed that both

a nurse outfit and a military outfit were associated with more

perceived competence of an agent compared to a casual outfit.

However, they used static pictures of the agents and did not

include any measures of learning outcomes. In contrast, in a

museum context, Schmidt et al. (2019) found positive effects

on learning and presence, if an agent was represented as a

museum guide rather than an astronaut. However, Petersen et al.

(2021) observed heterogeneous results regarding the effects of the

thematically appropriate agent design on learning in a virtual

museum. Comparing an agent dressed as museum guide with the

same agent displaying only black mesh and a control group without

an agent, they found that all the investigated pedagogical agents

seemed to hinder the acquisition of factual knowledge. In contrast,

regarding conceptual knowledge, thematically appropriate agents

had a positive effect on learning, but only if the agent did not show

realistic features (i.e., no gestures, very limited idle animations, and

no lip-syncing), and was presented in a rather static way.

In summary, research on the effects of clothing on learning

outcomes is not yet conclusive and it is yet an open question

how a pedagogical agent’s clothing interacts with other design

characteristics of the learning environment. In this regard, we take

a closer look at the effects of setting because setting may be another

characteristic that influences learners’ perceptions of a pedagogical

agent’s expertise.

1.4. Effects of setting

There is an ongoing debate on whether authentic settings

comparable to professional contexts should be used in education

and how this could be implemented (Anker-Hansen and Andreé,

2019). To this end, several studies observed that more authentic

settings such as research facilities for science topics, positively

influenced students’ perceptions of relevance and interest (Betz,

2018; Schüttler et al., 2021).

However, whether the result that an authentic real-world

setting improves perceived interest generalizes to better learning

outcomes when authentic settings are implemented in learning

videos is up to debate. Importantly, this question arises for both

photo-realistic videos as well as for digitally animated videos

(Schroeder and Adesope, 2012). For photo-realistic videos, the

setting is defined as the physical environment in which the learning

video was shot (see Merkt et al., 2020). Applying this definition to

digitally animated videos, we define setting as the digitally designed

background of the video.

To explain possible effects of setting on learning, Merkt et al.

(2020) proposed that the setting of the learning video may affect

the evaluation of an instructor’s expertise. The learning videos in

the study by Merkt et al. (2020) covered floral topics and were

either shot in a botanical garden as an authentic setting or in front

of a white wall as a neutral setting. Across two experiments, there

were no consistent setting effects for learning outcomes, so that

the authors come to the cautious conclusion that the effects of

setting on learning outcomes may be negligible. Further, contrary

to the authors’ initial assumptions in both experiments, there were

no effects of setting on the perceived expertise of the instructor.

However, Merkt et al. (2020) discussed whether including an

inappropriate setting instead of a neutral setting (white wall) as
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a control condition may result in setting effects and different

expertise judgments. Further, it is possible that expertise judgments

regarding a virtual pedagogical agent may be more susceptible to

external cues because virtual pedagogical agents may provide less

cues that learners may use to judge expertise.

In summary, previous research did not find consistent

effects of setting on learning outcomes and perceived expertise.

The current experiment will therefore address the effect of

an appropriate setting compared to an inappropriate setting

and additionally address potential interactions with a virtual

pedagogical agent’s clothing.

1.5. The present research – hypotheses

Both for photo-realistic and for animated videos, producers

of instructional materials are confronted with the questions what

instructors/pedagogical agents should wear and in which setting the

instructional materials should be produced. Based on the presented

theoretical framework, it becomes evident that both of these design

characteristics may affect the learning process bymeans of inducing

different perceptions of expertise, whereas empirical evidence in

favor of these assumptions is mostly mixed. In particular, previous

research on clothing does imply that thematically appropriate

clothing may be beneficial for learning (Beege et al., 2019; Schmidt

et al., 2019), whereas the effects of a thematically appropriate setting

are considered to be rather negligible (Merkt et al., 2020). Because

potential effects of clothing and setting may be driven by the same

underlying mechanism (i.e., perceived expertise), we decided to

investigate both of these design factors in the same experiment,

employing a 2 × 2-factorial between subject design. Given the lack

of research combining these two factors, we decided to treat the

interaction of the two factors as an open research question because

there is no clear theoretical indication about the potential interplay

of these two factors. On the one hand, it may be sufficient to

include one cue for instructor expertise, on the other hand, it is

also conceivable that the different sources for expertise amplify each

other.

Building on these considerations, we preregistered the

following hypotheses on OSF.

H1: The video including the pedagogical agent wearing

thematically appropriate clothing is rated as more professional

than the video including the pedagogical agent wearing

thematically inappropriate clothing.

H2: The pedagogical agent wearing thematically appropriate

clothing is considered to have a higher expertise than the

pedagogical agent wearing thematically inappropriate clothing.

H3: The pedagogical agent wearing thematically appropriate

clothing results in better learning outcomes than the

pedagogical agent wearing thematically inappropriate clothing.

Based on previous mixed evidence on the effects of setting

on learning outcomes (see Merkt et al., 2020), we refrain from

formulating hypotheses regarding a main effect of setting. Further,

the study explores the interaction of clothing and setting.

2. Materials and methods

2.1. Participants and design

Overall, 231 participants completed the experiment. Thirty-two

participants were excluded due to pre-defined exclusion criteria,

namely technical difficulties during the presentation of the video (1

participant), use of search engines such as Google (7 participants),

a native language other than German (2 participants), or taking

notes during the learning video (21 participants). This resulted in

a final sample of 200 German-speaking participants (131 male, 68

female, and 1 diverse), recruited using Prolific. The participants

were randomly assigned to one of the four conditions (2× 2 design)

and received 4.38 Pounds for their participation. Their mean age

was 29.52 years (SD = 8.73). Even though a power analysis revealed

that 125 participants would have been sufficient to detect a medium

effect (η2
p = 0.06) with a predefined alpha level of 0.05 and power of

0.80, we pre-registered to collect data of 200 participants to increase

power and identify potential interactions.

Participants were randomly assigned to one of four conditions

resulting from a 2 × 2 factorial between-subjects design with

the clothing of the pedagogical agent (thematically appropriate

or thematically inappropriate clothing) and the setting of

the animated video (thematically appropriate or thematically

inappropriate setting) as the independent variables. Learning

outcomes and different evaluation questions were collected as

dependent variables.

2.2. Learning materials

The learningmaterial consisted of an animated video (duration:

19:30 min) that was presented to the participants in one of four

different versions, depending on the experimental condition they

were assigned to (see Figure 1). In the video, a pedagogical agent

presented learning content on craft topics such as wood and

its applications, connections, weather protection, sawing, glues,

tools, locks, and corrosion. The information was partly visualized

in a PowerPoint presentation that was superimposed over the

background on the right-hand side of the agent. The presentation

appeared only occasionally to visually highlight important content,

whereas the setting was fully visible throughout the remainder of

the video. The pedagogical agent had a male human voice and

could be seen in its entirety (full-body representation) displaying

conversational gestures (see Davis, 2018) and mimic. Neither the

facial expressions nor the gestures did have any deictic functions.

The pedagogical agent was created with Character Creator 3.3 and

animated with iClone 7.8.

As appropriate clothing for a craft theme, the pedagogical

agent wore brown dungarees. The design of this clothing was

based on the recommendations for workwear of the Employer’s

Liability Insurance Association for Wood and Metal in Germany

(Berufsgenossenschaft Holz und Metall [BGHM], 2019) and can

thus be considered prototypical for the cultural context in which
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FIGURE 1

Conditions of the learning video displaying the variation of setting and clothing. To illustrate the insertion of the presentation, one version with and

one without the presentation was selected for each setting.

the study was conducted. For example, according to a study on

woodworking injuries, 68% of professional craftsmen wore safety

clothing similar to the equipment described in the abovementioned

handout (Loisel et al., 2014). In contrast, in the inappropriate

clothing condition, the pedagogical agent wore a white buttoned

shirt with neat gray trousers. Since the visual appearance of our

setting should appear as if crafts could be carried out without

difficulty, the pedagogical agent was placed in a classic workshop

setting with a gray concrete floor, tool walls, a workbench, pallets,

and garage-like walls in the appropriate setting condition. In

contrast, for the inappropriate setting condition, the pedagogical

agent was placed in a living room environment with a wooden

laminar floor, shelves, paintings, a kitchenette in the background,

and small rugs on the floor, where the practical execution of craft

activities would be more difficult. The arrangement, as well as the

number and size of the objects in the background of both settings

were chosen to match as closely as possible. It was ensured that

the videos did not differ regarding any other characteristics than

clothing and setting, especially because facial expressions, gestures,

and speed of delivery could be kept perfectly constant due to the

digital nature of the videos.

2.3. Measures and instruments

2.3.1. Prior knowledge and interest
Prior knowledge and interest in the learning topics were each

measured with 5 items on a 7-point Likert scale in self-assessment

(cf. Harp and Mayer, 1997; Kühl et al., 2019; Sondermann and

Merkt, 2023), ranging from 1 (almost no prior knowledge/interest

at all) to 7 (a lot of prior knowledge/very great interest). The topics

covered in these questions were: Areas of use for different types of

wood, wood connection, weather protection, tools, and corrosion.

Participants’ scores for prior interest and prior knowledge were

determined by averaging their ratings for each of the topics.

Cronbach’s alphas for the prior knowledge items and the interest

items were 0.92 and 0.93, respectively.

2.3.2. Evaluation of the learning video

Following the research of Merkt et al. (2020), participants

were asked to rate the video on multiple 7-point Likert scales

from 1 (lowest score) to 7 (highest score) covering different

video characteristics. These characteristics included expertise of

the instructor (“How much of an expert was the instructor?”),

professionalism (“How professional did the video appear to be?”),

quality of explanations (“How would you rate the quality of the

explanations?”), and distraction by the setting (“How distracting

was the setting of the video?”). As a manipulation check, we also

measured the fit between the agent’s clothing (“How would you

rate the fit between the teaching theme and the avatar’s1 clothing?”)

and the setting (“How would you rate the fit between the teaching

topic and the setting of the video?”) to the topics presented. Further,

we measured the invested mental effort (“How much effort did you

invest in following the contents of the video?”; see Paas, 1992).

1 Since our study took place in Germany, where the term “pedagogical

agent” is not very common, we decided to refer to our pedagogical agent

as avatar in the evaluation questions to avoid misunderstandings among the

participants.
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Additionally, we measured credibility of the pedagogical agent

(“How credible do you perceive the avatar to be?”), naturalness

of gestures and facial expressions of the pedagogical agent (“How

natural did you find the gestures of the avatar?” and “How natural

did you find the facial expressions of the avatar?”), perceived

appropriateness of the video length (“How appropriate did you find

the length of the video?”), the perceived personal addressing (“It

seemed like the lecturer was speaking directly to me”; see Beege

et al., 2019) and the perceived difficulty (“How difficult was the

content of the video?”).

2.3.3. Knowledge test
The learning outcome was assessed with 20 multiple choice

questions with four possible answers, one of which was correct.

For each question, participants received one point for selecting

the correct answer, resulting in a maximum score of 20 points.

Cronbach’s alpha for the knowledge items was 0.73. The items

included questions such as “What is the average humidity of free-

standing wood without weather protection?” (answer options: 18

vs. 12 vs. 22 vs. 25%, correct answer: 18%).

To assess whether the questions in the knowledge test could

be answered based on general knowledge, we piloted the items

in a sample of 20 participants (9 female and 11 male). The pilot

participants’ mean age was 29.15 years (SD = 9.07). The pilot study

was run on LimeSurvey and the participants were recruited via

Prolific, an online survey platformwith a large number of registered

participants. They gave informed consent and were instructed to

answer the questions solely based on their knowledge without

using search engines. Afterward they filled in a knowledge test

consisting of 39 multiple choice questions without any previous

access to learning materials. From this pool of items from the

pilot study, we then selected 20 items for the current study that

showed adequate moderate difficulty. The mean score for those 20

items of the knowledge test in the pilot study answered without

learning materials wasM = 7.65 (SD = 2.03). Thus, whereas a small

proportion of the questions could be answered based on general

knowledge, the test cannot be considered too easy and provides

room for improvement after watching the learning video.

2.4. Procedure

The experiment was run online using LimeSurvey with

participants recruited via Prolific. After participants agreed to

the consent form, they were randomly assigned to one of four

experimental conditions. Afterward, a picture and sound test

was administered to ensure that the learning video was correctly

presented with picture and sound. Next, prior knowledge and

general interest in the learning content was recorded. One of the

four versions of the learning video was presented subsequently,

according to the experimental condition the participants were

randomly assigned to. Following the video, participants were asked

to evaluate the video before they filled in the knowledge test. After

the knowledge test, the variables regarding the exclusion criteria

(technical difficulties during the presentation of the video, use of

search engines, a native language other than German, or taking

notes) were assessed with an explicit request for honesty and an

additional remark that this information was important for assessing

data quality but would not affect payment. Finally, demographic

data were queried, and the debriefing took place. The procedure

was approved by the Local Ethics Committee of the German

Institute for Adult Education.

3. Results

Data were analyzed with 2 × 2 ANOVAs with the independent

variables Clothing (thematically appropriate vs. inappropriate)

and Setting (thematically appropriate vs. inappropriate) and the

respective outcomes as dependent variables. Further, to test

whether the video was suitable for knowledge acquisition, a one

sample t-test was used to compare the mean score that participants

had achieved in the pilot study of the knowledge test (i.e., 7.65

points), in which the items were tested without learning materials,

to the mean score achieved in this experiment over all conditions.

The data and the analysis script are available on OSF.

Descriptive data are presented in Table 1.

3.1. Manipulation check

Regarding the perceived appropriateness of the clothing, the

thematically appropriate clothing was rated to be more suitable

(M = 5.94, SD = 0.97) for the topic than the thematically

inappropriate clothing (M = 3.78, SD = 1.55), F(1,196) = 138.89,

p< 0.001, η2
p = 0.41. There was neither a main effect of the Setting,

F < 1; nor an interaction Clothing × Setting, F < 1.

Regarding the appropriateness of the setting, the thematically

appropriate setting was rated as more appropriate (M = 5.36,

SD = 1.38) than the thematically less appropriate setting (M = 4.00;

SD = 1.62), F(1,196) = 41.10, p < 0.001, η
2
p = 0.17. There was

also neither a main effect of Clothing, F(1,196) = 3.56, p = 0.061,

η
2
p = 0.02; nor an interaction Clothing × Setting, F < 1.

3.2. Prior knowledge, interest, and
demographics

With regard to self-reported prior knowledge (M = 2.39;

SD = 1.15), there were no main effects of Clothing, F(1,196) = 2.56,

p = 0.111, η
2
p = 0.01, and Setting, F < 1, and no interaction

Setting × Clothing, F < 1. Likewise, for the self-reported interest

(M = 3.33; SD = 1.49), there were no main effects of Clothing,

F(1,196) = 1.07, p = 0.302, η
2
p = 0.01, and Setting, F < 1, as well

as no interaction Clothing × Setting, F < 1. Thus, we can assume

that the groups were comparable before the experiment.

Further, neither the proportion of gender X2 (6,

N = 200) = 7.50, p = 0.277, nor the proportion of highest

educational qualifications, X2 (15, N = 200) = 15.46, p = 0.419,

differed between the groups. With regard to age, there were

no main effects of Clothing, F < 1, and Setting, F < 1, and

no interaction Clothing × Setting, F(1,196) = 1.49, p = 0.224,

η
2
p = 0.01. Thus, we can assume that the groups were comparable

regarding demographic criteria.
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TABLE 1 Overall means and standard deviations.

Variable Appropriate clothing Inappropriate clothing Overall Overall

Appropriate
setting

Inappropriate
setting

Overall Appropriate
setting

Inappropriate
setting

Overall Appropriate
setting

Inappropriate
setting

Prior interest 3.29 (1.49) 3.15 (1.29) 3.22 (1.39) 3.43 (1.61) 3.45 (1.60) 3.44 (1.60) 3.36 (1.54) 3.30 (1.46) 3.33 (1.49)

Prior knowledge 2.34 (1.02) 2.19 (1.20) 2.26 (1.11) 2.49 (1.06) 2.56 (1.29) 2.52 (1.18) 2.41 (1.04) 2.37 (1.25) 2.39 (1.15)

Knowledge test 13.14 (4.06) 14.58 (3.50) 13.86 (3.84) 13.96 (3.75) 13.34 (3.23) 13.65 (3.49) 13.55 (3.91) 13.96 (3.41) 13.76 (3.67)

Professionalism 3.80 (1.48) 4.08 (1.62) 3.94 (1.56) 3.78 (1.43) 3.66 (1.72) 3.72 (1.58) 3.79 81.45) 3.87 (1.68) 3.83 (1.57)

Expertise 4.42 (1.72) 4.08 (1.87) 4.25 (1.79) 3.96 (1.76) 3.72 (1.98) 3.84 (1.87) 4.19 (1.75) 3.90 (1.92) 4.04 (1.84)

Quality 5.02 (1.13) 5.30 (1.15) 5.16 (1.19) 5.10 (1.13) 4.96 (1.32) 5.03 (1.23) 5.06 (1.17) 5.13 (1.24) 5.10 (1.21)

Naturalness – gestures 2.44 (1.37) 2.72 (1.39) 2.58 (1.38) 2.46 (1.42) 2.46 (1.49) 2.56 (1.45) 2.45 (1.39) 2.58 (1.44) 2.52 (1.41)

Naturalness – mimic 2.34 (1.17) 2.72 (1.32) 2.53 (1.26) 2.44 (1.45) 2.28 (1.46) 2.36 (1.45) 2.39 (1.31) 2.50 (1.40) 2.45 (1.36)

Difficulty 3.64 (1.36) 3.34 (1.47) 3.49 (1.42) 3.46 (1.41) 3.28 (1.43) 3.37 (1.42) 3.55 (1.39) 3.31 (1.44) 3.43 (1.42)

Effort invested 4.70 (1.54) 4.54 (1.58) 4.62 (1.56) 4.78 (1.94) 4.74 (1.65) 4.76 (1.79) 4.74 (1.74) 4.64 (1.61) 4.69 (1.68)

Credibility 4.52 (1.75) 4.58 (1.86) 4.55 (1.80) 3.78 (1.75) 3.92 (1.94) 3.85 (1.84) 4.15 (1.78) 4.25 (1.92) 4.20 (1.85)

Thematical fit – clothing 6.06 (1.04) 5.82 (0.89) 5.94 (0.97) 3.82 (1.64) 3.74 (1.45) 3.78 (1.55) 4.94 (1.77) 4.78 (1.59) 4.86 (1.68)

Thematical fit – setting 5.56 (1.16) 4.2 (1.55) 4.88 (1.52) 5.16 (1.55) 3.8 (1.68) 4.48 (1.74) 5.36 (1.38) 4.00 (1.62) 4.68 (1.65)

Distraction 2.58 (1.25) 2.96 (1.64) 2.77 (1.46) 2.76 (1.66) 3.32 (1.66) 3.04 (1.68) 2.67 (1.46) 3.14 (1.65) 2.91 (1.57)

Length 3.86 (1.60) 3.68 (1.51) 3.77 (1.56) 3.70 (1.71) 3.78 (1.60) 3.74 (1.66) 3.78 (1.65) 3.73 (1.56) 3.76 (1.60)

Personal address 3.24 (1.57) 3.12 (1.63) 3.18 (1.60) 3.08 (1.77) 2.94 (1.78) 3.01 (1.77) 3.16 (1.67) 3.03 (1.70) 3.09 (1.68)
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3.3. Perceived professionalism and
expertise

Regarding the first two hypotheses, the analyses revealed

no significant differences between the conditions. For perceived

professionalism of the video (M = 3.83, SD = 1.57), there were no

main effects of Clothing and Setting and no significant interaction

Clothing × Setting, all F < 1. Also, concerning perceived expertise

of the agent (M = 4.04; SD = 1.84), there were no significant main

effects of Clothing, F(1,196) = 2.49, p = 0.116, η
2
p = 0.012, and

Setting, F(1,196) = 1.25, p = 0.266, η
2
p = 0.01, and no significant

interaction Clothing × Setting, F < 1.

3.4. Learning outcomes

For learning outcomes, there were no significant main effects

of either Clothing or Setting, both F < 1. However, there was

an interaction Clothing × Setting, F(1,196) = 3.98, p = 0.047,

η
2
p = 0.02. Following up on this interaction, Bonferroni-adjusted

post-hoc comparisons revealed that there was no significant

effect of setting for the inappropriate clothing F < 1, whereas

in the appropriate clothing condition, the inappropriate setting

(M = 14.58, SD = 3.50) resulted in slightly better learning

outcomes than the appropriate setting (M = 13.14, SD = 4.06),

F(1,196) = 3.89, p = 0.050, η
2
p = 0.02. When the interaction was

resolved the other way, the Bonferroni-adjusted post-hoc tests

showed no effect of clothing, neither for the appropriate setting,

F(1,196) = 1.26, p = 0.263, η
2
p = 0.006, nor for the inappropriate

setting, F(1,196) = 2.89, p = 0.091, η2
p = 0.015.

Further, results of a one sample t-test showed that participants

in all conditions (M = 13.76; SD = 3.67) learned from the video

because their mean score was higher than the mean score of

participants in the pilot study (i.e.,M = 7.65) that had answered the

same items without the learning material, t(199) = 23.55, p< 0.001.

3.5. Further evaluation variables

For distraction, there was a significant main effect of Setting,

revealing that the inappropriate setting (M = 3.14, SD = 1.65) was

rated to be more distracting than the appropriate setting (M = 2.67,

SD = 1.46), F(1,196) = 4.53, p = 0.035, η
2
p = 0.02. There was no

main effect of Clothing, F(1,196) = 1.49, p = 0.223, η2
p = 0.01; and

no interaction Clothing × Setting, F < 1.

For credibility, there was a main effect of Clothing, showing

that the appropriately dressed pedagogical agent was rated as more

credible (M = 4.55, SD = 1.80) than the thematically inappropriately

dressed agent (M = 3.85, SD = 1.84), F(1,196) = 7.31, p = 0.007,

η
2
p = 0.04. There was no main effect of Setting, F < 1, and no

interaction Clothing × Setting, F < 1.

There were no main effects or interactions of Clothing and

Setting in terms of perceived difficulty, facial expressions of the

pedagogical agent, naturalness of gestures, mental effort invested,

quality of explanations, perceived appropriateness of the video

length and perceived personal addressing, all F < 1.44, all p> 0.159.

4. Discussion

In this experiment, we investigated the effects of a pedagogical

agent’s clothing and the setting of an animated video on learning

outcomes and participants’ subjective evaluations such as perceived

agent expertise and professionalism of the video. Overall, the

experiment did not provide any strong evidence for systematic

effects of a pedagogical agent’s clothing and the setting of

an animated learning video. Contrary to our expectations, the

thematically appropriate clothing did not result in more perceived

professionalism of the video (Hypothesis 1) or perceived expertise

of the agent (Hypothesis 2) than the thematically inappropriate

clothing, even though the manipulation check clearly showed

that the thematically appropriate clothing was perceived as

more appropriate and that the appropriately dressed agent was

perceived as more credible than the inappropriately dressed

agent. In this regard, it should be mentioned that even though

the inappropriate clothing resulted in lower appropriateness and

credibility judgments, the inappropriate (i.e., formal) clothing

was still judged to be moderately appropriate (M = 3.78 on a

scale ranging from 1 to 7) and the agent was judged to be

moderately credible (M = 3.85 on a scale ranging from 1 to 7)

in the formal clothes. A possible explanation for this could be

that both thematically appropriate clothing and formal clothing

exude expertise to the same extent, as formal clothing may be

associated with expertise in different fields. Whereas we used

formal clothing because we considered it to be inappropriate

in a handicraft context, future studies may want to contrast

thematically appropriate clothing with clothing that is usually

strongly associated with other professions. In the context of a

handicraft topic, white coats or police uniforms could be examples

for highly inappropriate clothing since they might be strongly

associated with other occupations.

Further, contrary to Hypothesis 3, appropriate clothing did not

lead to better learning outcomes than the formal clothing in the

inappropriate condition.

Regarding the open research question concerning the effect

of setting on the learning outcomes, we did not find any

setting effects, corroborating cautious conclusions from previous

research that there may be no overall setting effects (see Merkt

et al., 2020). However, similar to the issues discussed regarding

our manipulation of clothing, the living room setting in the

inappropriate setting condition was rated to be moderately

appropriate (score of 4.00 on a scale ranging from 1 to 7), so that we

may have succeeded in manipulating the level of appropriateness

but did not manage to provide learners with an inappropriate

setting.

However, an interaction between clothing and setting may shed

light on some potential boundary conditions for setting effects.

In particular, the inappropriate setting resulted in better learning

outcomes than the appropriate setting when the pedagogical agent

wore appropriate clothing, whereas there was no setting effect when

the pedagogical agent wore inappropriate clothing. The result that

the appropriate setting did not lead to better learning regardless

of the clothing could be explained with the expectancy violations

theory (Burgoon, 1993; Dunbar and Segrin, 2012). The appropriate

setting, especially combined with the appropriate clothing of the

agent may have created the false expectation that something
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practical would be demonstrated on the machines depicted in the

background of the authentic setting. These unmet expectations

may have been detrimental to the learning outcomes. In this

experiment, the pedagogical agent did not demonstrate how to use

the authentic machines because we aimed at keeping the learning

content constant across the appropriate and the inappropriate

setting conditions. Therefore, interactions with the machines could

not be included since the machines were only present in half of

the conditions. To determine whether the violation of expectations

played a crucial role, participants in future experiments could be

asked how they imagine an expert in the field and what they expect

from the learning materials before the learning phase. Further,

because this unexpected effect is very small (η2
p = 0.02), it should

be replicated before jumping to premature conclusions.

Finally, the rather long duration of the video (19:30 min) may

have leveled out potential clothing and setting effects because these

may wear off over time, as learners may pay more attention to

clothing and setting at the beginning of the video. In particular,

Guo et al. (2014) reported that general attention while watching

videos significantly decreases after 6 min. Since clothing and setting

did not change throughout the video, it could have faded into

the background of attention while participants watched the video

for approximately 20 min. Testing video length as a potential

boundary condition for clothing and setting effects may thus be

an interesting pathway for future research. These studies could

additionally use process data such as eye-tracking to determine

whether the attention wears off over time.

4.1. Limitations

The results are subject to some limitations. First, we tested the

effect of clothing and setting with only one specific exemplar for

appropriate and inappropriate manifestations. However, looking

at clothing, craft clothing can include a wide range of clothing,

especially as many sub-disciplines have their own specific clothing

and safety equipment (such as painters and varnishers). Thus,

the generalizability of these findings should be tested for more

sub-disciplines in future experiments. Further, the subject areas

should be extended to other occupational groups, as many other

professions also have distinctive professional clothing that could

be strongly associated with expertise (e.g., doctors, nurses, cooks,

security guards, flight attendants, and pilots). Similar limitations

should be considered for the setting. The range of settings

potentially perceived as appropriate could be narrower or wider

depending on the occupational group. Craft topics have a rather

wide range, as for example, car repair shops look very different from

carpentry shops. Regarding these factors, future research questions

in this area should be chosen accordingly.

Further, it should be noted that the interpretation of our

findings regarding specific pieces of clothing and the setting as

depicted in Figure 1 is limited to the cultural background of

the study (i.e., Germany). In particular, the appropriateness of

different pieces of clothing and different types of setting for

different purposes may vary with culture. However, it should also

be noted that the investigated underlying principle of thematical

appropriateness should be more generalizable across cultures if

researchers from different cultures carefully select pieces of clothing

and a setting that is considered appropriate for a specific topic in

their culture. Further, the generalizability of these findings across

cultures could also be tested to see whether there are different effects

of the same learning materials in different cultures.

Whereas the use of different types of clothing to evoke different

perceptions of expertise could be considered a problematic case

of stereotyping, we want to stress that this research does not

endorse the use of stereotyping to manipulate learners. Therefore,

this study did not use exaggerated stereotypical clothing, but

rather prototypical clothing which is usually worn by persons

of a specific occupation (Berufsgenossenschaft Holz und Metall

[BGHM], 2019). Because some types of clothing may be closely

linked to specific occupations (see Kodžoman, 2019), we were

interested whether learners use these associations between clothing

and specific occupations as a heuristic to determine a pedagogical

agents’ expertise. If such effects had occurred, it would have been

an interesting follow up question how to handle and prevent such

effects.

Further, since the elaboration likelihood model assumes that

heuristics are often used as a shortcut instead of more elaborated

cognitive processes (Petty and Cacioppo, 1986), it is feasible to

assume that learners may rely on heuristics more heavily when their

cognitive load is high. However, since it was not the aim of our

study to investigate whether cognitive load influenced the usage of

heuristics for evaluating the expertise of a pedagogical agent, we did

not measure cognitive load specifically, but decided to use the item

by Paas (1992) to gain insights on the effects of mental effort. Since

cognitive load and mental effort are distinct concepts that affect

learning outcomes in different ways (see Schnaubert and Schneider,

2022), the question whether heuristics play an increased role under

high cognitive load cannot be answered with this experiment and

should therefore be addressed in further research that measures

cognitive load usingmore nuanced instruments that assess different

facets of cognitive load (Klepsch et al., 2017; Krieglstein et al., 2023).

5. Conclusion

This experiment tried to shed light on the question whether

it is necessary to design and animate thematically appropriate

clothing for pedagogical agents and add an appropriate setting to

an animated video to increase learning outcomes and perceived

expertise of the agent as well as perceived professionalism of the

learning video. The results imply that in case of a handicraft topic,

designers of animated videos may have some degrees of freedom

when selecting the clothing of the agent and the setting of the

video because participants in all conditions acquired knowledge

and the influence of clothing and setting on learning outcomes and

perceived expertise was negligible. However, it should be noted that

none of the clothing and setting in our study was perceived to be

inappropriate for the learning materials. Thus, the use of a highly

inappropriate clothing and setting may still constitute a boundary

condition for clothing and setting effects.
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Abstract

Background: Virtual reality (VR) offers much potential for learning, but it challenges

learners' orientation.

Objectives: This paper investigates whether it is possible to use light or movement

cues to facilitate orientation in a search task in a desktop-VR environment so that

participants can better attend to the learning content presented simultaneously.

Methods: In two pre-registered online experiments, we investigated the effects of

cueing (light and movement) on search time, learning, and several evaluation vari-

ables. Participants were asked to find tools in a virtual workshop, while information

about the respective tool was narrated. Experiment 1 (N = 60) used a within-subject

design, that is, the objects were alternately highlighted by light, movement or not.

For Experiment 2 (N = 159) the narration was substantially shortened, and a

between-subject design was used. Cognitive load and presence were measured

additionally.

Results and conclusions: In Experiment 1, only the movement cue decreased search

time, indicating automatic guidance of learners' attention. There was no effect of

cueing on learning, which may be due to the average search time being substantially

shorter than the narration, leaving sufficient time to attend to the narration exclu-

sively. In Experiment 2 search times were significantly faster for both cueing

methods, but only the light cue resulted in better learning outcomes, which could be

explained by the slightly lower presence in the movement cue condition.

Implications: Results imply that it is important to develop cues that automatically

guide attention without reducing presence.

K E YWORD S

cueing, dual-task paradigm, presence, signalling, virtual reality learning

1 | INTRODUCTION

Since Virtual Reality (VR) Systems have become more affordable,

using them in an educational context has become more feasible

(Parong & Mayer, 2018; Radianti et al., 2020). However, to make the

most of the possibilities of VR in educational settings, the learning

materials should be designed to overcome initial challenges, such as

user disorientation, which may contribute to suboptimal learning out-

comes with VR. Whereas VR is generally defined as a computer-

generated environment (Ardiny & Khanmirza, 2018), which can either
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be displayed on a computer screen (desktop-VR), or in a head-

mounted display (Buttussi & Chittaro, 2018), this manuscript focuses

on desktop-VR.

1.1 | Theoretical background

VR learning environments are often described as discovery-based and

focus on learning through active participation. Being immersed in a

graphically rich virtual environment offers great potential to facilitate

learning, can help to create a connection between existing and new

knowledge and may encourage learners to select, organise and inte-

grate information themselves (Araiza-Alba et al., 2021). Further, inter-

active learning environments offer direct feedback for learners'

actions (Makransky et al., 2020; Mikropoulos & Natsis, 2011). Imple-

menting educational scenarios in VR environments offers the possibil-

ity to simulate and repeatedly practice scenarios, which would be

expensive or dangerous in real life. This can reduce risks and save

costs (Arnaldi et al., 2018). Additionally, several studies imply that

intrinsic motivation (Cheng & Tsai, 2019; Makransky & Lilleholt, 2018;

Olmos-Raya et al., 2018) and enjoyment (Meyer et al., 2019) were

higher in VR learning environments.

Despite all these advantages, the use of VR for learning is not

necessarily beneficial for the learning results, as it may overload or

distract students (Makransky et al., 2019). For example, cognitive load

theory (CLT, Sweller et al., 1998) postulates that cognitive resources

in working memory are limited. Thus, learning materials should pre-

sent information in a way that avoids cognitive overload. CLT distin-

guishes between three types of cognitive load, namely intrinsic,

extraneous, and germane cognitive load (Sweller et al., 1998). Intrinsic

cognitive load is inherent to the complexity of the task and depends

on the number of elements the learner must deal with simultaneously

and the learners' prior knowledge. Germane cognitive load represents

deliberately invested mental effort to actively deal with the learning

materials in order to construct a comprehensive mental representa-

tion. In contrast, the non-optimal design of the learning materials and

instructions results in extraneous cognitive load (Sweller et al., 1998).

Whenever learners must invest cognitive resources that are irrelevant

to the actual task due to subpar instructional design, extraneous cog-

nitive load is increased and may contribute to cognitive overload

(Klepsch et al., 2017).

The Cognitive Affective Model of Immersive Learning (CAMIL,

Makransky & Petersen, 2021) was developed to deal with the cognitive

requirements of learning in VR, especially concerning instructional design

and methods. Most importantly, CAMIL assumes that immersion, control

factors, and representational fidelity positively affect presence and that

control factors moreover positively affect agency (Makransky &

Petersen, 2021). Immersion is a measure of the liveness of a system and

the extent to which the system can exclude the external environment

(Cummings & Bailenson, 2016), variables such as degree, immediacy, and

type of control constitute the control factors (Witmer & Singer, 1998),

and accuracy of the representation can be defined as the extent to which

the representation corresponds to the real world (Dalgarno & Lee, 2010;

Makransky & Petersen, 2021). CAMIL emphasises that presence and

agency are general psychological prerequisites for learning in VR

(Makransky & Petersen, 2021). Presence is defined as the psychological

feeling of being there in a VR world, that is, being in a place or environ-

ment even if you are physically in a different place (Lee, 2004; Witmer &

Singer, 1998). Agency is defined as the sense of creating and controlling

actions (Moore & Fletcher, 2012), the most important predictor of which

is that users can exercise control over their actions in the environment

(Johnson-Glenberg, 2019).

Next to these positive effects of immersion, research also sug-

gests that more immersion often leads to higher levels of extraneous

cognitive load (Makransky et al., 2019; Meyer et al., 2019; Parong &

Mayer, 2021). Therefore, to make optimal use of immersive VR learn-

ing environments, learning materials should be designed to avoid an

additional increase in extraneous cognitive load (Makransky &

Petersen, 2021). In particular, CAMIL emphasises that searching for

relevant content might increase the extraneous cognitive load

(Makransky & Petersen, 2021). In a VR environment, learners are sur-

rounded by the virtual world and must decide in which direction they

look. Consequently, they only perceive content in their limited field of

view (FOV, Zhu et al., 2020). The FOV varies depending on the

learners' position in the environment and can be understood as

the maximum angle, which is currently visible (Shi et al., 2017). Thus,

areas of interest could be located outside the current field of view,

which makes the guidance of attention more important, but also more

challenging (Grogorick et al., 2018; Makransky et al., 2021). A lack of

guiding cues might therefore increase extraneous cognitive load

(Makransky & Petersen, 2021), which in turn might lead to user disori-

entation and difficulties in navigation, which were observed in several

studies (Marsh & Smith, 2001; Smith & Marsh, 2004). Therefore, this

study focuses on how to improve the guidance of attention to facili-

tate orientation with two different cueing methods.

1.2 | Cueing in VR learning environments

In the following section, we will discuss cueing as a method that could

potentially help overcome user disorientation. Cueing is defined as an

approach to solving problems of information extraction by guiding

learners to the currently most important information (Boucheix

et al., 2013; van Gog, 2021). The cueing (or signalling) principle states

that the use of cues in learning materials can draw learners' attention

to relevant information, highlight important content and thus facilitate

learning (Alpizar et al., 2020; Richter et al., 2016; Schneider

et al., 2018; van Gog, 2021). Cueing is used in various learning mate-

rials ranging from static to animated materials (Boucheix et al., 2013;

de Koning et al., 2011; Lin & Atkinson, 2011). Highlighting key points

in learning material is necessary since the core processing of the visual

system is limited to information located in the foveal vision. Thus, only

the parts on which the learner focuses receive sufficient attention for

further cognitive processing (de Koning et al., 2010). Therefore, cue-

ing is especially recommended for the first encounters with multime-

dia learning material (van Gog, 2021).
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To promote information extraction in conventional learning

videos, the range of usable options for attention guidance might be

broader due to the predefined field of view (e.g., see Schneider

et al., 2018). In VR learning environments, where learners are sur-

rounded by the learning environment and have to determine the

viewing direction themselves (Rothe & Hußmann, 2018), finding

the direction with the most relevant content can be more challenging

(Makransky et al., 2021). Thus, drawing attention to the important

parts of a VR environment could be more difficult than in conven-

tional materials. Nevertheless, VR designers have adopted various

approaches from conventional information guidance methods (such as

adding circles and arrows) and have begun to test them for VR films.

These approaches have not yet been fully developed for interactive

VR (Speicher et al., 2019) or uniformly defined. These are often

referred to as cueing, signalling, (subtle) gaze direction or visual guid-

ance (Seok et al., 2021) and differ in their effectiveness and

obtrusiveness.

Rothe and Hußmann (2018) differentiate between non-diegetic

and diegetic cues. Whereas non-diegetic cues add elements to the

scene (e.g., arrows), diegetic cues are integrated into the actual scene.

Non-diegetic methods such as taking the viewer directly to the target

area via autopilot or providing arrows that direct the viewer's gaze

have already been studied in VR videos and could both ease orienta-

tion (Lin et al., 2017). Further, non-diegetic methods like visual text

cues and arrows had positive effects on learning outcomes compared

to conditions without cues in VR learning videos (Liu et al., 2022) and

VR environments (Albus et al., 2021). Albus and Seufert (2022)

showed that in a DVR learning environment, cueing with green circles

improved learning and decreased cognitive load. However, the imple-

mented cues did not assist learners in freely navigating through the

learning materials. In contrast, the cues directed learners' attention to

elements (i.e., animals) that they were already attending to. In particu-

lar, as soon as participants clicked on an animal a narration started

and cues highlighted relevant parts of these animals (e.g., ears, hoofs).

However, adding non-diegetic cues as additional elements to the

learning materials may facilitate information extraction, but since it

might also reduce learners' presence, which was described as an

important prerequisite for successful learning in VR (see CAMIL,

Makransky & Petersen, 2021), we focus on diegetic cues in our study.

In contrast to non-diegetic cues, diegetic cues are integrated into

the learning scene and may thus be better suited to maintain learners'

presence in the learning materials. In this regard, Rothe and Hußmann

(2018) tested the effectiveness of three different types of diegetic

cues: light, movement, and sound with a within-subject design in

which all participants watched the same VR movie. Using heat maps

that display viewing direction combined with statistical analysis for

spatial data, they found out that all cueing types of cues were effec-

tive to highlight relevant objects. Since sound cues could interfere

with the spoken learning content in our learning environment, we

decided to only include light and movement cues in the present study.

However, Rothe and Hußmann (2018) demonstrated the positive

effects of light and movement cues on user orientation but did not

address the potential benefits of these two cueing methods on

learning. From a theoretical perspective, becoming oriented in a vir-

tual learning environment while at the same time attending to learning

materials may be considered a manifestation of dual tasking which

has been shown to challenge learners (Bender et al., 2017; Hornof

et al., 2010; Meyer & Kieras, 1997; Pashler, 1994). The burden of

dual-tasking may be relieved by facilitating performance in one task

(Bender et al., 2017; Dux et al., 2009; Hazeltine et al., 2002; Strobach

et al., 2012). In the same vein, facilitating orientation in VR by means

of light and movement cues might free up cognitive resources that

learners might invest in processing the learning materials. Thus, it is

possible that if one of those two tasks (the search task) is supported

by cueing, it might also result in better learning by reducing the con-

flict for resources. This question will be investigated in our study,

where the learning content is narrated during the search task and

therefore constitutes as a dual task.

1.2.1 | Potential negative effects of cueing support

on the formation of a spatial representation

Since the spread of digital technology, researchers have debated the

impact of these technologies on the cognitive abilities of their users.

Negative effects of information technologies on memory capacity

have become known as the ‘Google effect’ (Sparrow et al., 2011),

which can be broadly defined as not encoding or as forgetting infor-

mation that has been digitally stored (van der Haak, 2014). Whether

this is intentional because people consciously rely on digital storage

devices (van der Haak, 2014), or due to a lack of practice in encoding

(Spitzer, 2014), is a matter of debate. However, recent research has

shown that technological support that facilitates performance in a

practice phase may hamper performance in a test phase (Moritz et al.,

2020). In Experiment 1, Moritz et al. (2020) had participants extract

information from graphical data representations such as maps.

Whereas half of the participants were allowed to manipulate the

graphical representations so that they could extract information easily,

the other half was not allowed to do so during the practice phase.

None of the participants was allowed to manipulate the graphical rep-

resentations during the test phase. Whereas participants who could

manipulate the graphical representations performed better in the

practice phase than participants who were not allowed to manipulate

the representation, they dropped to the performance of an untrained

baseline control group in the delayed test phase, implying that they

were not able to maintain their superior performance levels. Similarly,

several studies suggest that navigational aid is detrimental to the

development of spatial representations, but the underlying effects are

still in discussion (Dahmani & Bohbot, 2020; Gardony et al., 2015;

Hejtmánek et al., 2018; Ishikawa et al., 2008). For example, Ishikawa

et al. (2008) compared the orientation and spatial representation of

participants in three groups who navigated a route using either GPS, a

map, or their own experience (i.e., they were first guided by the study

leader). The participants had to walk from a starting point to a destina-

tion in an unfamiliar city. They found that the participants who used

GPS walked significantly longer, and their maps of their routes were
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less accurate than those of the participants who had to navigate

without GPS.

Therefore, we want to investigate whether the support provided

by cues in a VR learning environment also has detrimental effects on

the formation of a spatial mental representation. Specifically, learners

might rely on cueing when searching for relevant information and thus

develop an inadequate mental spatial representation of the

environment.

1.3 | Overview of the experiments

To address the open questions outlined above, we conducted two

experiments that investigate whether cueing with light and movement

reduces search time and supports learning compared to a condition

without cueing. Further, Experiment 1 (within-subject design)

assessed learners' mental spatial representations of the item's location

in the learning environment, whereas Experiment 2 (between-subject

design) assessed learners' perceptions of presence and cognitive load.

2 | EXPERIMENT 1

2.1 | Hypotheses

In line with the signalling principle (Alpizar et al., 2020; Schneider

et al., 2018; van Gog, 2021), multiple studies have demonstrated that

cueing positively affects learning outcomes in animated learning

videos with a predefined field of view (de Koning et al., 2007, 2011;

Lin & Atkinson, 2011). However, there is limited research on the

effects of cueing in VR learning environments where learners choose

their own field of view for solving a search task with simultaneous

learning content. Addressing these open research questions, we pre-

registered the following hypotheses on OSF.1

Since Rothe and Hußmann (2018) found that light and movement

cues improved search efficiency in VR, we hypothesise that light and

movement cues will lead to faster search times in a desktop-VR learn-

ing environment. Moreover, we assume that the movement cue is

more effective than the light cue (Hypothesis 1).

Moreover, Albus and Seufert (2022) showed positive effects of

cueing on learning in desktop-VR learning environments where green

circles highlighted the part of a virtual animal in a forest while learning

content about that part was narrated. Since the narrative in this study

only began when the animal was already in the learners' focus, the

cueing assisted the learners in associating the narrated information

with the corresponding part of the animal, but the purpose of these

cues was not to support initial orientation in the 360� environment.

However, in our study, the narration starts at the beginning of the

task and the learner must find the corresponding 3D object simulta-

neously, constituting a dual task. Thus, neither the cueing method

used by Albus and Seufert (2022), nor the one developed by Rothe

and Hußmann (2018), which highlighted objects using movement and

light, have been tested in a dual-task learning scenario. Thus, since

research on dual-tasking suggests that facilitating performance in one

task might facilitate overall performance (Hornof et al., 2010), we

assume that learning outcomes will be better when the search task in

the learning environment is supported by cueing (Hypothesis 2)

because cues might free up learners' cognitive resources. We will fur-

ther investigate whether there are differences in the effectiveness of

the light and the movement cue exploratively.

Further, several studies showed that the use of navigational aids

might impair spatial memory, which manifested in poorer performance

in both navigation and landmark recall tasks (Gardony et al., 2015).

However, since divided attention between navigation task and naviga-

tion aid was discussed to be one possible reason for these results, we

investigated whether cueing with light and movement within the

scene of the learning environment also impairs the formation of a

long-term representation of the spatial layout. Adverse effects of cue-

ing could be caused by learners relying on digital support, which could

lead to less thorough encoding of spatial information (van der

Haak, 2014). We therefore assume that the locations of the objects

that had to be found without cueing are better remembered later

(Hypothesis 3). Moreover, we will investigate whether there are dif-

ferences between the cueing methods exploratively.

2.2 | Method

2.2.1 | Participants and design

The experiment was completed by 70 participants recruited using

Prolific,2 of which 10 had to be excluded due to the pre-defined

exclusion criteria, namely non-termination of the learning environ-

ment (6 participants), technical problems during the learning

environment (1 participant) and using search engines (3 participants)

for the knowledge test. This resulted in a sample of 60 German-

speaking participants (38 male, 22 female). Their mean age was

29.00 years (SD = 7.62). An a priori power analysis conducted with

G*Power (Faul et al., 2007) with a fixed power of 0.95, a significance

level of 0.05 and an expected effect size of 0.25 resulted in a mini-

mum sample size of 43 for the intended analyses. The independent

variable (within subjects) was cueing with the factor levels light,

movement, and none. The participants were randomly assigned to

one of the six sequences, which were used for balancing purposes

and are not included as a factor in the analyses. Participants received

9.62€ for their participation.

2.2.2 | Learning materials

The desktop-VR learning environment represented a virtual wood

workshop (see Figure 1), in that participants were asked to locate

1https://osf.io/vm6xj/?view_only=6c07aaea38d249fdaeb35638a1d068b4. 2https://prolific.co/.
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16 objects with a virtual laser pointer controlled by the PC mouse.

The objects were distributed evenly throughout the learning environ-

ment. The first object was only for practice. Participants solved search

tasks for various handicraft objects, such as brushes, pliers, and ham-

mers, while a male human off-screen-narrator provided learning con-

tent about the respective objects (duration per object: between

27 and 75 s). Regarding the movement cue, the cued object moved

minimally in three-dimensional space (“shook itself”). Regarding the

light cue, the cued object was illuminated with a reddish light.

Whereas each search task was presented only once per participant,

we balanced the assignment of the search task to the cueing condition

across participants, so that each object was represented with each

cueing method across participants. To avoid sequence effects, these

three resulting sequences were mirrored, resulting in a total of six

sequences for the experiment. Search tasks were presented via a large

user interface (UI) that showed a picture of the object in addition to a

prompt, such as “Please find the hammer” for 4 s. After the large UI

had disappeared, a smaller UI displaying the current task remained in

the upper right corner. The selection of the correct object was con-

firmed by a UI and the learning environment was superimposed until

the narration for the object was finished. If participants could not find

an object after 300 s, the task was registered as missing value and the

next task started, which did not occur in Experiment 1. Search times

were automatically recorded and saved to a file on the users' desktop.

The learning environment was created using Unity (Version

2019.4.13f1).

2.2.3 | Measures & instruments

Prior knowledge & interest

Participants' self-reported prior knowledge and interest in craft con-

tent were measured on a 7-point Likert scale ranging from 1 (almost

no prior knowledge/interest at all) to 7 (a lot of prior knowledge/very

great interest) with three items each. The topics were related to the

contents of the learning materials and covered types and usage of dif-

ferent tools (saws, drills, hammers), weather protection of wood, and

fire safety in workshops. Cronbach's alphas for the prior knowledge

items and the interest items were 0.85 and 0.67, respectively. Further,

participants' prior experience with VR (head mounted display and

desktop-VR) and VR learning environments were queried using three

items on the 7-point Likert scale ranging from 1 (almost no experi-

ence) to 7 (a lot of experience). Cronbach's alpha for the three VR

experience items was 0.57.

Knowledge test

The learning outcome was recorded via 45 open items in a short

answer format (three for each of the 15 search objects, excluding the

practice trial). Participants had a maximum of 90 s for each question.

Two independent raters assessed the correctness of the answers

using a coding scheme, all Cohen's κ >0.79. One point was awarded

per correctly answered question, resulting in a maximum score of

45 points. Partial points were awarded according to predefined cri-

teria. Cronbach's alpha for the knowledge items was 0.83. The items

F IGURE 1 The learner's perspective of the learning environment. (1)–(7) Step-by-step sections of the learning environment in a clockwise

direction; (8) Example of a UI with a search prompt; (9) Example of an object with light cue.
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included questions about factual information, such as “What is the

mine of a pencil made of?” (correct answer: graphite).

Search time

During the search task, the learning environment recorded the search

times (in seconds3) for each object (i.e., seconds elapsed between the

start of the task until the selection of the correct object) and exported

them into a result sheet created on the participants' computer

desktop.

Mental spatial representation

To capture the mental spatial representation of the environment, par-

ticipants were confronted with 15 screenshots (one per object) of the

environment, in which the 15 search objects were not present. Partici-

pants were then asked which of the objects was in the marked loca-

tion in the screenshot (see Figure 2).

2.2.4 | Procedure

The experiment was run online using LimeSurvey with participants

recruited via Prolific. After giving informed consent, participants were

randomly assigned to one of six groups based on the balanced

sequences and started downloading the learning environment to their

PCs. Afterwards a picture and sound test, prior knowledge and inter-

est in the learning content as well as VR experience were assessed.

Participants were then instructed on how to start and run the learning

environment. After finishing the environment, participants were

instructed to upload their result sheets and were asked to evaluate

their learning experience.4 Next, the knowledge test was adminis-

tered, which contained 45 open items covering the narrated learning

content and afterwards, participants' mental spatial representation of

the spatial structure of the VR environment was measured. Finally,

demographic data was queried, and the debriefing took place. In the

debriefing, participants were informed about the research questions

and the study design (see Figure 3).

2.3 | Results

After recording the data from the six different balanced sequences,

we conducted ANOVAs (repeated measures) with cueing as a

within-subject factor (light, movement, none) for each of the depen-

dent variables. Descriptive data is presented in Table 1. The data and

the analysis script are available on OSF.5

2.3.1 | Interest, prior knowledge, and VR

experience

Since we used a within-subject design and did not assess prior

knowledge and interest for every search object, we only

reported descriptive data for the respective variables. Self-

reported interest (M = 3.05; SD = 1.04), prior knowledge about

the contents (M = 2.37; SD = 1.19), and self-reported VR

F IGURE 2 Mental spatial representation survey. Participants were asked which item was placed in the marked location (red square) during

the search tasks.

3This unit (i.e., seconds) was used because it ensures reliable measures using the Unity Delta

Time on computers with different performance levels that display the learning environment

with different FPS numbers.

4Since we used a within-subject design and did not assess the assessment variables after

each trial, we cannot test for differences between different cueing conditions. Therefore,

these variables mainly serve for intern evaluation purposes and will not be further reported.
5https://osf.io/2f87s/?view_only=173e32e228e84510b8f293a0dcd92898.
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experience (M = 2.88; SD = 1.16) were all on a low to medium

level.

2.3.2 | Search time

Regarding Hypothesis 1, the ANOVA revealed a significant effect of

cueing for search time, F(2, 118) = 5.96, p = 0.005, ηp
2
= 0.09.

Bonferroni-adjusted post hoc comparisons revealed that search times

were significantly faster when the objects were highlighted with the

movement cue (M = 9.29; SD = 5.30) compared to the light cue

(M = 10.96; SD = 6.98), p = 0.010, and the condition without cueing

(M = 10.58; SD = 5.94), p = 0.007. There was no significant differ-

ence between the light cue condition and the condition without cues,

p = 1.000. Therefore, the first hypothesis can be confirmed for the

movement cue, but not for the light cue (see Figure 4).

F IGURE 3 Procedure of the experiments. Experiment 1 repeated this procedure (steps 2–4) for 16 objects and manipulated cueing within

subjects. Experiment 2 repeated this procedure for 12 objects and manipulated cueing between subjects.

TABLE 1 Experiment 1(within-

subject design): Overall means and

standard deviations. Variable

Cueing method

OverallLight Move None

Prior interest 3.05 (1.04)

Prior knowledge 2.37 (1.19)

VR experience 2.88 (1.16)

Search time 10.96 (6.98) 9.29 (5.30) 10.58 (5.94) 10.28 (5.67)

Knowledge test 6.34 (2.84) 6.58 (2.41) 6.47 (2.91) 19.39 (6.59)

Mental representation 2.45 (1.24) 2.46 (1.29) 2.57 (1.28) 7.48 (2.19)

N 20 20 20 60
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2.3.3 | Learning outcomes

Regarding Hypothesis 2, the ANOVA revealed no significant effect of

cueing for the learning outcomes (M = 19.39, SD = 6.59), F < 1 (see

Figure 5).

2.3.4 | Mental spatial representation

Concerning Hypothesis 3, the ANOVA revealed no significant effect

of cueing for the mental spatial representation score (M = 7.48,

SD = 2.19), F < 1.

2.4 | Discussion

Experiment 1 investigated whether different types of cueing

(i.e., light cues and movement cues) affect participants' search

times, learning outcomes, and mental spatial representation of

the layout in a desktop-VR learning environment. Partially cor-

roborating Hypothesis 1, we observed shorter search times for

movement cues compared to the other two conditions; how-

ever, light cues unexpectedly did not facilitate searching. Possi-

bly, this finding may be due to the more static nature of the

light cues that may have attracted less attention than the

dynamic movement cues, which seem to attract attention

F IGURE 4 Experiment 1 – Search

times. Violin plot for the search times in

Experiment 1 (within-subject design)

including the means and standard

deviations represented by the white line.

F IGURE 5 Experiment 1 – Learning

Results. Violin plot for the learning results

in Experiment 1 (within-subject design)

including the means and standard

deviations represented by the white line.
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automatically (Jiang et al., 2018). Especially in a within-subject

design in that participants are confronted with different cues

from trial to trial, the lack of predictability may be considered a

disadvantage for cues that do not attract attention automati-

cally. Therefore, for Experiment 2 we changed the design to a

between-subject design.

Regarding Hypothesis 2, there was no effect of cueing on learning

outcomes, which could be explained by the search times. Since all

objects were found rather quickly in all three conditions (MSearch

Time = 10.27, SD = 5.67), all participants had sufficient time to engage

exclusively with the remaining narrated content that took between

27 and 75 s (M = 44.13; SD = 13.30). Accordingly, the overlap

between the search task and narration, which would constitute a dual

task, was not as large as we had initially expected. It is possible that

cueing might have a positive effect on learning when the two tasks

must be solved in parallel for a longer time and thus compete harder

for the same cognitive resources. Thus, the narration for the search

objects was shortened for Experiment 2 to increase its overlap with

the search task.

Regarding Hypothesis 3, the lack of an effect of cueing on

the mental spatial representation of the learning environment

could be explained by the within-subject design that was adminis-

tered in Experiment 1. In particular, all participants were con-

fronted with five search tasks of each type (plus the practice

trial), including five trials in which participants had to search for

objects without cueing support. Thus, it is possible that partici-

pants encoded the locations of other objects they encountered in

the environment while searching for the relevant search objects

in the trials without cueing support. However, it should be noted

that the overall average mental spatial representation score was

at a low level (M = 7.48; SD = 2.19). This result could be

explained by the short average search times since the learning

environment was blended after the correct object was selected.

In addition, assessing learners' mental spatial representations of a

dynamic learning environment using static screenshots may have

been suboptimal due to a mismatch between the learning and the

testing context. To some extent, learners may have relied on

the dynamic information when encoding the object locations.

Accordingly, future studies could measure learners' mental spatial

representation with a dynamic test.

In summary, the dynamic movement cue efficiently directed

learners' attention, but the less salient light cue did not. However,

none of the cueing methods affected learning outcomes, possibly

due to a relatively small overlap of the search tasks and the nar-

rated learning materials. To address these potential explanations, we

implemented a between-subject design in Experiment 2 to test

whether the light cue would also facilitate search times when the

cues are predictable. Additionally, the narrated learning materials for

Experiment 2 were significantly shortened, resulting in a stronger

emphasis on factual knowledge. Finally, to get some insights into

mechanisms underlying potential cueing effects, we investigated

how cognitive load and presence were influenced by the two cueing

methods.

3 | EXPERIMENT 2

3.1 | Hypotheses

Based on the potential explanations for the findings in Experiment

1, we adapted the design and learning material for Experiment 2 and

preregistered the following hypotheses on OSF.6

Hypothesis 1. The search task is solved faster if objects

are highlighted by the movement cue.

Hypothesis 2. Learning outcomes will be better when

the search task in the learning environment is supported

by the movement cue.

Hypothesis 3. Extraneous Cognitive Load (environ-

mental scale, see Andersen & Makransky, 2021) will be

lower in the conditions with the movement cue.

Because the light cue did not affect search time in Experiment

1, we explored whether the light cue is more effective in a between-

subject design concerning search time and learning outcomes. Also,

the effects of cueing on presence, intrinsic cognitive load, and ger-

mane cognitive load are analysed exploratively.

3.2 | Method

3.2.1 | Participants & design

The experiment was conducted with 179 participants recruited via Pro-

lific. Twenty participants had to be excluded due to the pre-defined

exclusion criteria, namely using search engines for answering the knowl-

edge test (10 participants), taking notes during the learning environment

(6 participants), technical problems with the learning environment (4 par-

ticipants) or missing values in the search times (2 participants).7 This

resulted in a final sample of 159 German-speaking participants (80 male,

77 female, 2 diverse), which was the adequate sample size based on a

priori power analysis conducted with G*Power (Faul et al., 2007)

(expected effect size = 0.25, alpha, level = 0.05, Power = 0.80). Their

mean age was 30.23 years (SD = 9.11). In this experiment, cueing was

manipulated between subjects with the factor levels light, movement,

and none. Participants were randomly assigned to one of the three con-

ditions and received 6.24€ for their participation.

3.2.2 | Learning materials

The desktop-VR learning environment was similar to the one used in

Experiment 1, with the following changes: Participants were asked to

6https://osf.io/9v4rk/?view_only=c8a4e050839542f1ba3ecb10c32e1176.
7Since participants could be excluded because of more than one criterion, the sum of the

individual exclusion reasons differs from the total number.
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only find 12 objects (11 search objects and 1 practice trial at the

beginning) and the narrated learning material presented during

the search tasks was shortened (8 to 16 s; M = 12.91; SD = 2.34) to

increase the overlap between the search task and the learning con-

tent. Search times were recorded comparable to Experiment 1.

3.2.3 | Measures & instruments

Prior knowledge, interest, and VR experience

Prior knowledge, interest, and VR experience were assessed as in

Experiment 1 (see Section 2.3.1). Cronbach's alphas were 0.77 for

prior knowledge, 0.86 for interest, and 0.69 for VR experience.

Cognitive load

Cognitive load was assessed with the VR-specific scale by Andersen

and Makransky (2021), which we adapted for our learning environ-

ment.8 It measures the cognitive load on an 11-point Likert scale from

0 (does not apply at all) to 10 (fully applies). In addition to germane

(4 items, e.g., “The virtual environment really enhanced my under-

standing of the topics covered.”, Cronbach's alpha = 0.92) and intrin-

sic cognitive load (3 items, e.g., “The topic covered in the virtual

environment was very complex.”, Cronbach's alpha = 0.95), this scale

distinguishes between three kinds of extraneous cognitive load,

namely environmental extraneous cognitive load (4 items, e.g., “The

elements in the virtual environment made the learning very unclear.”,

Cronbach's alpha = 0.76), extraneous cognitive load for instruction

(3 items, e.g., “The explanations used in the virtual environment were

very unclear.”, Cronbach's alpha = 0.77), and extraneous cognitive

load for interaction (4 items, e.g., “The interaction technique used in

the virtual environment was very unclear.”, Cronbach's alpha = 0.70).

Presence

We assessed physical (Cronbach's alpha = 0.84) and self-presence

(Cronbach's alpha = 0.90) using items from the German version of the

presence scale developed by Makransky et al. (2017). The German

version (Volkmann et al., 2018) demonstrated high correlations with

the Igroup Presence Questionnaire (IPQ, Schubert, 2003) in a subse-

quent study by Volkmann et al. (2020). Both dimensions (physical and

self-presence) were assessed with 5 items each, which had to be rated

on a 5-point Likert scale from 1 (does not apply at all) to 5 (fully

applies).

Knowledge test

The learning outcome was assessed with 22 open items (two for each

of the 11 search objects, excluding the practice trial). These questions

were selected from the pool of questions from Experiment 1, exclud-

ing questions that queried information that were cut from the narra-

tion, or which were too easy or difficult. Two independent raters used

a coding scheme to assess whether the answers were correct (Cohens

κ >0.80) and were awarded one point per correctly answered ques-

tion, resulting in a maximum score of 22 points. Partial points were

awarded according to predefined criteria. Cronbach's alpha for the

knowledge items was 0.70.

3.2.4 | Procedure

This experiment was run online using LimeSurvey with participants

recruited via Prolific. After giving informed consent, participants were

randomly assigned to one of three groups based on the three cueing

conditions (light, movement, none) and started downloading the learn-

ing environment to their PC. After a picture and sound test, prior

knowledge and interest in the learning content as well as VR experi-

ence were assessed. Participants were then instructed on how to start

and run the learning environment. After finishing the environment,

participants were instructed to upload their result sheet, before pres-

ence and cognitive load were measured. Next, the knowledge test

was administered. Finally, demographic data was queried, and the

debriefing took place. In the debriefing, participants were informed

about the research questions and the study design.

3.3 | Results

Data were analysed with ANOVAs with cueing as a between-subject

factor (light, movement, none) for each of the dependent variables.

The significance level was set at α = 0.050. Descriptive data is pre-

sented in Table 2. The data and the analysis script are available

on OSF.9

3.3.1 | Interest, prior knowledge, and VR

experience

There were no differences between the three groups concerning

learners' self-reported interest (M = 2.95; SD = 1.39), F(2, 156)

= 2.40, p = 0.094, ηp
2
= 0.03; self-reported prior knowledge about

the contents (M = 2.42; SD = 1.19), F(2, 156) = 1.04, p = 0.352,

ηp
2
= 0.01; or self-reported VR experience (M = 3.13; SD = 1.37),

F < 1. Thus, we can assume that these groups were comparable

before the experiment.

3.3.2 | Search time

In line with Hypothesis 1, the ANOVA revealed a significant main

effect of cueing for the average search time, F(2, 156) = 13.03,

p < 0.001, ηp
2
= 0.14. Bonferroni-adjusted post-hoc tests showed fas-

ter search times for the light cueing condition (M = 9.16; SD = 4.25)8The original instrument covered laboratory safety accordingly, we adapted it the to the

virtual workshop in our study. Also, instead of the term simulation, we used the term virtual

environment, which was used in the extraneous cognitive load for environment scale, as this

term was better suited for our environment. 9https://osf.io/2f87s/?view_only=173e32e228e84510b8f293a0dcd92898.
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than the condition without cueing (M = 13.09; SD = 4.72), as well as

for the movement cueing condition (M = 8.99; SD = 5.42) compared

to the condition without cueing, both p < 0.001. The light and move-

ment conditions did not differ significantly, p = 1.000 (see Figure 6).

3.3.3 | Learning outcomes

Concerning Hypothesis 2, the ANOVA revealed a significant effect of

cueing for the learning outcome, F(2, 156) = 3.54, p = 0.031,

ηp
2
= 0.04. Bonferroni adjusted post-hoc tests revealed better learn-

ing outcomes for the condition with light cues (M = 9.78; SD = 3.90)

compared to the condition with movement cues (M = 8.15;

SD = 3.08), p = 0.048, whereas the light condition did not

significantly differ from the condition without cueing (M = 8.35;

SD = 3.30), p = 0.10. The movement cue condition and the condition

without cueing also did not differ significantly, p = 1.000 (see

Figure 7).

3.3.4 | Cognitive load

There was no significant effect of cueing for extraneous cognitive

load for the environmental scale (M = 3.55, SD = 2.01), F < 1. Further

exploratory analyses revealed no significant differences for the intrin-

sic cognitive load (M = 4.04, SD = 2.29), F < 1, extraneous cognitive

load for instruction (M = 3.27, SD = 1.96), F < 1, extraneous

cognitive load for interaction (M = 3.27, SD = 1.96), F(2, 156) = 1.30,

TABLE 2 Experiment 2 (between-subject design): Overall means and standard deviations.

Variable

Cueing method

OverallLight Move None

Prior interest 3.02 (1.40) 2.63 (1.32) 3.20 (1.41) 2.95 (1.39)

Prior knowledge 2.39 (1.26) 2.28 (1.12) 2.61 (1.17) 2.43 (1.19)

VR experience 2.94 (1.34) 3.17 (1.32) 3.30 (1.44) 3.14 (1.37)

Search time 9.16 (4.25) 8.99 (5.42) 13.09 (4.27) 10.41 (5.02)

Knowledge test 9.78 (3.90) 8.15 (3.08) 8.35 (3.30) 8.76 (3.50)

Physical presence 2.56 (0.78) 2.34 (0.84) 2.73 (0.75) 2.54 (0.80)

Self-presence 1.75 (0.79) 1.67 (0.75) 1.88 (0.82) 1.77 (0.79)

Intrinsic cognitive load 4.19 (2.37) 3.87 (2.44) 4.04 (2.08) 4.04 (2.29)

Environmental extraneous cognitive load 3.83 (2.03) 3.49 (1.97) 3.33 (2.05) 3.55 (2.01)

Extraneous cognitive load for instruction 3.23 (1.90) 3.35 (2.01) 3.23 (2.02) 3.27 (1.96)

Extraneous cognitive load for interaction 3.50 (2.00) 3.39 (1.98) 2.92 (1.90) 3.27 (1.96)

Germane cognitive load 2.83 (2.29) 2.79 (2.09) 3.33 (2.01) 2.98 (2.13)

N 53 53 53 159

F IGURE 6 Experiment 2 – Search

times. Source: Violin plot for the search

times in Experiment 2 (between-subject

design) including the means and standard

deviations represented by the white line.
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p = 0.275, ηp
2
= 0.02, and germane cognitive load (M = 2.98,

SD = 2.13), F(2, 156) = 1.07, p = 0.345, ηp
2
= 0.01.

3.3.5 | Presence

An exploratory analysis for presence revealed a significant effect of

cueing on physical presence, F(2, 156) = 3.29, p = 0.040, ηp
2
= 0.04.

Bonferroni-adjusted post-hoc tests revealed a significant difference

between the movement condition (M = 2.24, SD = 0.84) and the con-

dition without cues (M = 2.73, SD = 0.75), p = 0.035, but no signifi-

cant difference to the light cue condition, p = 0.427. The scores for

the light condition (M = 2.56, SD = 0.78) did not differ significantly

from the condition without cues, p = 0.843. There was no main effect

on self-presence, F(2, 156) = 1.01, p = 0.366, ηp
2
= 0.01.

3.4 | Discussion

Experiment 2 investigated whether different types of cueing (i.e., light

cues and movement cues) affect participants' search times, learning

outcomes, cognitive load, and presence in a desktop-VR learning envi-

ronment. In line with Hypothesis 1 and replicating Experiment 1, the

movement cue significantly reduced search time. Further, in this

experiment, the light cue was also able to reduce search time. Thus,

both cueing methods guided attention successfully.

Further, even though both types of cueing reduced search times,

only the light cue resulted in better learning outcomes. The effects of

different types of cueing on learning could be explained by differ-

ences in physical presence. The movement cue lowered perceived

physical presence compared to the control condition without cueing,

whereas the light cue did not negatively affect physical presence com-

pared to the control condition. This observation may explain why the

shorter search times translated to superior learning outcomes for

the light cue, but not for the movement cue. However, it should also

be mentioned that physical presence did not significantly differ

between the two cueing conditions. Nevertheless, since CAMIL

(Makransky & Petersen, 2021) states that presence is a prerequisite

for learning in VR, the reduced presence in the condition with the

movement cue might have hindered further learning success. A factor

that influences presence is the accuracy of the representation

(Dalgarno & Lee, 2010; Makransky & Petersen, 2021), that is, to what

extent the representation corresponds to the real world. Since objects

in the real world do not move automatically, the movement cue could

have been disruptive and therefore created the perception of lower

physical presence in our learning environment. However, illuminating

objects with artificial light is quite common in the real world, which

may have led to the light cue being perceived as more natural.

In contrast to Hypothesis 3, both the movement cue and the light

cue did not significantly reduce environmental extraneous cognitive

load. Overall, the level of perceived cognitive load was rather low,

which could be explained by the design of the tasks. Although it was

clearly specified that there would be a knowledge test about the nar-

rated content, the prompts in the VR environment exclusively referred

to the search tasks. This framing might have led to the search tasks

being perceived as primary tasks, a problem that is well known in

research on the dual-task paradigm and is criticised in many designs

(Hazeltine et al., 2002). In addition, only two participants had to be

excluded due to missing values in the search times, which in turn

means that the remaining participants found all search objects rela-

tively quickly, according to the mean search times over all objects

(M = 10.41, SD = 5.02). Therefore, the participants might have per-

ceived the search tasks as easy and therefore rated their intrinsic and

extraneous cognitive load as rather low, as shown by the rather low

scores in those subscales of the cognitive load scale. However, since

Andersen and Makransky (2021) also found no consistent association

F IGURE 7 Experiment 2 – Learning

Results. Source: Violin plot for the learning

results in Experiment 2 (between-subject

design) including the means and standard

deviations represented by the white line.
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between cognitive load and retention, the differences in our learning

results are more plausibly explained by the effects of presence. Other

directions for future research will be discussed in section 4.2.

4 | GENERAL DISCUSSION

4.1 | Interpretation of the results

In two experiments, we investigated the effects of light and move-

ment cues on search times, learning outcomes, mental spatial repre-

sentation (Experiment 1), cognitive load, and presence (Experiment 2)

in a desktop-VR learning environment. In both experiments, the

movement cue successfully guided learners' attention and facilitated

searching in the within and the between-subject design, whereas the

light cue was only efficient in a between-subject setting, which

afforded higher predictability for learners regarding which type of cue

to expect. Because movement naturally attracts attention (Jiang

et al., 2018), it is plausible to assume that the movement cues may

guide attention in a more automatic way because they are more

salient than static light cues.

Overall, the light cue positively affected both search times and

learning outcomes in Experiment 2, but not in Experiment 1. This dif-

ference could be explained by switching from a within-subject design

in Experiment 1 to a between-subject design in Experiment 2. Through

this change, participants in Experiment 2 could better predict which

type of cue to attend to. Consequently, because of the resulting facili-

tation of search times, the light cue may have freed cognitive

resources so that participants' learning outcomes were improved by

the light cue. In contrast, across both experiments, the movement cue

facilitated search times, but it did not improve learning, which may be

due to decreased physical presence compared to the control condition

without cueing. The light cue, however, did not negatively affect

physical presence compared to the control condition without cueing.

This observation may explain why the shorter search times translated

to superior learning outcomes for the light cue compared to the

movement cue in Experiment 2.

Further, it should be noted that we shortened the narration of

the learning material to increase the overlap between the search task

and the learning materials, which might have increased task difficulty

in Experiment 2. However, the presumably increased task

difficulty did not automatically lead to better learning outcomes if the

search times were shortened by cueing, but only if the presence was

not reduced. To gain further insights into the effects of task difficulty,

future research could systematically vary task difficulty and cueing in

a single experiment.

Summing up, the costs and benefits of both types of cues investi-

gated in these experiments need to be carefully weighed. The benefits

of the movement cue shown in these experiments are the accelera-

tion of search times in both predictable and unpredictable scenarios.

It can thus be assumed that attention is directed automatically, which

in turn should have reduced the extraneous cognitive load. However,

this presumably lower cognitive load did not lead to better learning

outcomes in either of our experiments, so it can be assumed that the

reduction in presence, which is considered a prerequisite for success-

ful learning, on the cost side apparently prevented better learning,

based on the results of Experiment 2. Accordingly, from a usability

perspective, movement cues would be more suitable when quick navi-

gation is the task priority (e.g., in monitoring tasks that require imme-

diate attention). The benefits of the light cue, however, are that it did

not reduce presence and resulted in better learning results in a pre-

dictable between-subject design, but on the cost side, it needs to be

emphasised that it has some limitations concerning the scenarios it

can be used in. Since the light cues do not direct attention as auto-

matically as the movement cue, it might be limited to scenarios in that

learners can predict which type of cue to attend to in the next trial.

4.2 | Limitations and directions for future research

Exploring new options for cueing in VR might be worthwhile since

both cueing methods come with advantages and disadvantages. Thus,

future research should focus on designing cues that combine the

strengths of the investigated cueing methods while avoiding potential

caveats. Regarding potential future cueing methods, it may be a prom-

ising next step to include human-like pedagogical agents with a cueing

function in the learning materials. Human-like agents might automati-

cally guide learners' attention (Davis, 2018; Kizilcec et al., 2015; Wang

et al., 2018). Moreover, pedagogical agents that provide the narration

for the learning materials might be less likely to reduce learners' physi-

cal presence and might additionally increase the social presence in the

learning environment (Schmidt et al., 2019; Schneider et al., 2022).

Further, the light cues only resulted in faster search times when

the type of cue was predictable in a between-subject design

(Experiment 2). Whether a dynamic light cue (e.g., flickering or switch-

ing on and off) might attract attention as automatically as the move-

ment cue without reducing presence might therefore be a worthwhile

research question. Particularly since the set size and the amount of

distractors (clutter) influence the level of difficulty (Botch et al., 2023),

the effects of cueing should be strengthened with larger set sizes and

more distractors. However, the cueing methods tested in these exper-

iments may have limitations regarding those possible areas of applica-

tion. In learning environments where several objects are close

together, our light cue (which simulates a spotlight and therefore illu-

minates a slightly larger area around the object in question) may be

less accurate as it may illuminate several small objects at once. Thus,

increasing the difficulty of the search task by including more distrac-

tors in order to identify stronger effects of cueing on search times and

extraneous cognitive load (which was rather low in Experiment 2),

might put the light cue at an additional disadvantage compared to the

movement cue. To solve this problem, other types of light cues could

be developed, such as light cones that become narrower when partici-

pants get closer to the searched object. In addition, not only could

search objects be illuminated with an external projector but illumina-

tion starting from the object itself (turning up the colour luminosity)

could also be tested as a different type of light cue.
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In addition, the distribution of search times in Experiment 2 (see

Figure 6) provides some interesting insights, which could be investi-

gated in further research. Descriptively, it is noteworthy that search

times in Experiment 2 in the condition without cueing are more dis-

tributed than search times in the conditions with cueing. A possible

explanation for this could be that learners need to rely on their spatial

abilities when they are not supported by cueing. More specifically, it

is possible that learners with high spatial abilities find their way

around particularly quickly and learners with lower spatial abilities

take longer. Conversely, this interpretation would also mean that the

cueing methods tested in these experiments could compensate for

these differences in spatial abilities. Since previous research

(Huk, 2006) has focused on the relationship between spatial abilities

and learning with 3D models (such as molecules, etc.), it would be

interesting for future research to investigate how spatial abilities

affect navigation in virtual space, and which type of cueing is appro-

priate for learners with low or high spatial ability. Methods for mea-

suring spatial ability that could be used for this purpose are, for

example, the mental rotation test (Vandenberg & Kuse, 1978) or the

Spatial Orientation Test (Friedman et al., 2020; Hegarty &

Waller, 2004).

Furthermore, although the cognitive load in Experiment 2 was

rather low, the learning outcomes in all conditions left room for

improvement. As discussed in Section 3.4, one possible explanation

might be the design of the task, where the search task might have

been perceived as the primary task. Therefore, when participants

were asked to rate their cognitive load after the learning environment

but before the knowledge test, they may have rated their cognitive

load based solely on their perception of the search task. Future

research could potentially address this with a more nuanced measure

of cognitive load, where participants rate their cognitive load twice,

with the first assessment specifically relating to the search task and

the second assessment specifically relating to the learning task. In

addition, the cognitive load could also be assessed directly after the

learning task and after the knowledge test to determine possible

changes in participants' perceptions due to their performance in the

knowledge test. As implementing both of these suggestions would

result in a total of four measurements, this should be carefully consid-

ered from an efficiency perspective. Alternatively, future studies could

also seek opportunities to assess the cognitive load in a within-subject

design, where changes in cueing support between tasks might be

more apparent to learners.

Further research on mental spatial representation should deal

with the question of whether cueing hampers learners' mental spa-

tial representations of the learning environment. However, a recent

study from Stefanucci et al. (2022) suggests that cues in virtual

environments might improve spatial orientation if those cues are

placed inside the virtual environment because they do not divide

attention like GPS Tools (which usually run on separate devices),

which are usually placed outside the current field of view. However,

it is important to note that the cues used in this study provided

additional information for spatial orientation (such as distances) and

they did not test simultaneous learning. Thus, even though we did

not find any evidence for the detrimental effects of cueing on men-

tal representation in Experiment 1, further research is necessary to

rule out this possibility. Possible explanations for the non-significant

effects of Experiment 1 were discussed in detail in Section 2.4 and

could largely be explained by the floor effects, which could have

been caused by the static assessment of learners' mental represen-

tations. Comparable to studies concerned with spatial orientation

(Dahmani & Bohbot, 2020), mental spatial representation could be

measured by presenting learners with a similar task as in the learn-

ing phase, but without cueing support, thus using a dynamic assess-

ment of the spatial representation.

4.3 | Conclusion

To fully exploit the potential of VR learning environments, difficulties

like user disorientation need to be addressed. Both methods tested in

this study were capable of directing learners' attention; however, the

light cue was only efficient in a between-subject design in that

the type of cue was more predictable. The movement cue, however,

also guided learners' attention in a less predictable within-subject

design but reduced physical presence and hampered learning in com-

parison to the light cue. Therefore, future research should emphasise

the design of cues that automatically guide learners' attention without

reducing physical presence.
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Abstract

Virtual reality (VR) is very promising for educational purposes but also presents learners 

with difficulties regarding orientation. Accordingly, VR environments should be designed 

to facilitate orientation, for example, by cueing. In a pre-registered laboratory experiment 

(between-subject design, 91 participants), we investigated the effects of a pedagogical 

agent cue compared to a light cue and a control condition without cues on search time, 

learning, mental representation, and perceived presence in a VR learning environment. 

Participants were tasked with locating tools in a virtual workshop environment, accompa-

nied by a narration providing information about each tool. In the condition with the peda-

gogical agent cue, the agent was positioned close to the search objects and performed occa-

sional gaze shifts to the object, whereas objects in the light cue condition were illuminated 

by a slightly reddish light. Both cueing methods significantly decreased search time but did 

neither affect learning outcomes nor the acquisition of the mental spatial representation of 

the learning environment. Additionally, the pedagogical agent cue reduced physical pres-

ence compared to the control condition and self-presence compared to both other condi-

tions. In summary, these results imply that even with successful attention guidance, both 

types of cueing did not facilitate learning outcomes. It is an open question whether these 

effects generalize to larger VR environments and if different design choices regarding the 

pedagogical agent might influence presence positively, which might, in turn, lead to better 

learning outcomes.

Keywords Virtual reality learning · Cueing · Signaling · Dual- task paradigm · Presence

Introduction

Authentic settings such as research facilities for science education or engineering training 

workshops are environments that have been shown to significantly enhance learners’ inter-

est and engagement (Betz, 2018; Schüttler et al., 2021). Since accessing such real-world 

environments for educational purposes can be costly, dangerous or logistically challenging, 

 * Daniela Decker 
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using Virtual Reality (VR), i.e., a computer-generated environment which can be displayed 

on a head-mounted display (HMD), with a screen positioned directly in front of the eyes 

(Ardiny & Khanmirza, 2018; Buttussi & Chittaro, 2018), might present a valuable alterna-

tive by simulating these authentic settings in a controlled, immersive environment (Arnaldi 

et al., 2018; Fombona-Pascual et al., 2022).

Educational scenarios implemented in VR offer plenty of opportunities for hands-on 

practice (Arnaldi et al., 2018), especially since these systems have become more affordable 

(Parong & Mayer, 2018; Radianti et  al., 2020). For instance, VR may enable the explo-

ration of molecular interactions in chemistry (Fombona-Pascual et  al., 2022), machinery 

assembly in engineering (Dolsak & Reich, 2022), and surgical training for medical pro-

fessionals (Gazit et al., 2024; Landau et al., 2024). Overall, VR appears to be effective in 

supporting the acquisition of practical skills, such as motor or procedural tasks, although 

its effectiveness seems to depend on key features, such as immersion and presence (Tusher 

et al., 2024), the latter referring to the feeling of “being there” (Shu et al., 2019; Slater & 

Sanchez-Vives, 2016), a crucial prerequisite for learning in VR (Makransky & Petersen, 

2021).

Despite these benefits, highly immersive VR environments also present challenges, par-

ticularly with regard to orientation (Grant & Magee, 1998; Makransky & Petersen, 2021). 

When presenting content in a 360° scene, creators need to ensure that users choose a view-

point that represents the most relevant material (Bender, 2019), hence guiding them to ori-

ent themselves within the VR environment to avoid missing key elements. In this manu-

script, the term “orientation” refers to participants selecting the most relevant viewpoint 

in the 360° scene. Various methods to enhance orientation within 360° scenes have been 

tested, for instance in VR videos (Beege et al., 2023) and desktop-VR (Decker & Merkt, 

2024) with learning aspects, as well as in HMD-based VR without a focus on learning 

(Rothe & Hußmann, 2018).

Therefore, it is imperative to develop methods that improve orientation in immersive 

virtual learning environments without compromising representational fidelity, realism, and 

a high sense of presence, ensuring that VR’s full potential as a powerful educational tool 

can be realized (Makransky & Petersen, 2021). Thus, the current experiment deals with 

cueing as a means of improving orientation in interactive VR learning environments. The 

signaling principle (see Sect."Cueing in VR learning environments") suggests that learn-

ers benefit from cues highlighting relevant parts of the learning material (Schneider et al., 

2018), which may be particularly important in VR, where the immersive 360° environment 

can hinder the intuitive identification of the most relevant viewpoint. Cues such as arrows 

have been shown to be effective in assisting learners in finding relevant viewpoints in VR 

videos (Beege et  al., 2023). However, those cues also may accentuate artificiality and 

reduce representational fidelity, a key factor influencing presence (Makransky & Petersen, 

2021). To address this, the current experiment utilizes cueing, which involves elements that 

are an inherent part of the virtual scene or are perceived as such (Lange et al., 2020; Rothe 

& Hußmann, 2018).

Moreover, in our experiment, learners had to deal with a dual task (i.e., performing 

two tasks simultaneously) (Pashler, 1994), i.e., finding objects and listening to narrated 

learning content. Since previous research on dual tasks suggests that facilitating perfor-

mance in one task can influence overall dual-task performance (Bender et al., 2017; Dux 

et al., 2009; Grinschgl et al., 2023; Hazeltine et al., 2002; Strobach et al., 2012), we aim 

to examine whether cueing that supports orientation in the search task frees up enough 

cognitive resources in the working memory to enhance overall performance, specifically 

by improving both search efficiency (i.e., shorter search times) and simultaneous learning 
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(i.e., encoding declarative knowledge in early long-term memory), as implied by previ-

ous research in desktop-VR (Decker & Merkt, 2024) (see Sect."Cueing in VR learning 

environments").

In the following sections, we will first provide an overview of key theories related to 

learning in VR, followed by an examination of the current research on cueing and peda-

gogical agents, with a focus on their potential to guide attention. Finally, we will explore 

the possible negative effects that cueing may entail.

Learning in VR learning environments

Focusing on the design of immersive learning environments, theories such as the Cogni-

tive Affective Model of Immersive Learning (CAMIL; Makransky & Petersen, 2021) have 

emerged, building in part on the Cognitive Load Theory (CLT, Sweller et al., 1998). CLT 

highlights the limited capacity of working memory and distinguishes between three types 

of cognitive load: intrinsic load, which depends on task complexity and prior knowledge; 

germane load, referring to the effort invested in building and refining mental schemas; and 

extraneous load, which arises when cognitive resources are diverted by poorly designed 

materials or irrelevant elements (Klepsch et  al., 2017; Sweller et  al., 1998). Sharing the 

assumption of limited cognitive capacity, CAMIL extends this perspective by identifying 

three key technical factors that shape learning in VR: immersion, control, and representa-

tional fidelity (Makransky & Petersen, 2021). Immersion can be defined as a measure of 

the vividness of a system and the extent to which the system can exclude the external envi-

ronment (Cummings & Bailenson, 2016). Further, control factors consist of the degree, 

immediacy, and nature of control the system allows (Witmer & Singer, 1998). Finally, rep-

resentational fidelity is defined as the extent to which the representation corresponds to the 

real world (Dalgarno & Lee, 2010; Makransky & Petersen, 2021). While only control fac-

tors determine agency, characterized as the sense of creating and controlling one’s actions 

(Johnson-Glenberg, 2019; Moore & Fletcher, 2012), all the technical factors mentioned 

influence presence. Presence is understood as the psychological feeling of ‘being there’ in 

a VR environment (Lee, 2004; Witmer & Singer, 1998). Lee (2004) suggests that presence 

can be experienced across three dimensions: physical, social, and self-presence. Physical 

presence pertains to interactions with objects and surroundings, social presence involves 

engagement with other social actors, and self-presence reflects individuals’perceptions of 

themselves within an environment.

Presence and agency are key psychological prerequisites for learning in VR, as they pos-

itively influence affective and cognitive factors like interest and motivation (Makransky & 

Petersen, 2021). Presence also may amplify the effect of immersion on flow, which in turn 

enhances learning transfer (Kang et al., 2022). Regarding agency, Johnson-Glenberg et al. 

(2021) conducted a study comparing 2D (PC) and 3D (VR) platforms, where participants 

experienced either high or low agency. High-agency participants directly manipulated vir-

tual elements, while low-agency participants only observed pre-recorded gameplay. Results 

showed that high agency significantly improved learning in VR. However, low-agency par-

ticipants in VR performed worse than all other groups (i.e., the PC conditions), suggesting 

that lacking agency in immersive environments may be especially detrimental to learning 

(Johnson-Glenberg et al., 2021).

High levels of immersion in VR might, however, also increase cognitive load (Makran-

sky et al., 2019, 2021; Meyer et al., 2019; Parong & Mayer, 2021), possibly in part because 

learners are fully surrounded by the virtual environment. Therefore, they have to decide in 
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which direction they look and consequently only perceive their limited field of view (Zhu 

et al., 2020), which is the maximum angle that is momentarily visible and varies depending 

on the learners’ position in the environment (Shi et al., 2017). Key areas may fall outside 

the learners’ field of view in VR, making attention guidance more demanding than in mate-

rials with a predefined field of view (Grogorick et al., 2018; Makransky et al., 2021). Thus, 

the lack of effective guidance can lead to disorientation and navigational difficulties (Marsh 

& Smith, 2001; Smith & Marsh, 2004). Additionally, CAMIL also emphasizes that the 

need to search for relevant content might also increase extraneous cognitive load (Makran-

sky & Petersen, 2021).

Cueing in VR learning environments

Since overcoming user disorientation is important for successful learning with VR, we will 

discuss cueing as a method to draw the learners’attention to the currently most important 

information (Alpizar et  al., 2020; Boucheix et  al., 2013; van Gog, 2021). According to 

the cueing (or signaling) principle, cues in learning materials successfully draw the learn-

ers’  attention to relevant information, and consequently improve learning (Alpizar et  al., 

2020; Richter et al., 2016; Schneider et al., 2018; van Gog, 2021). For learning materials 

with a predefined field of view, cueing includes various options such as camera movements 

and zoom to the most relevant part of a video or animation (for other examples, see Schnei-

der et al., 2018), which have already been successfully used for static or animated material 

(Boucheix et al., 2013; de Koning et al., 2011; Lin & Atkinson, 2011).

Various cueing techniques from traditional learning materials with a predefined field 

of view have been adapted for VR, with differing levels of effectiveness and intrusiveness. 

For example, forced rotation techniques like autopilot (i.e., forcibly directing the viewer’s 

gaze to the target area) effectively direct gaze but can be obtrusive and may cause motion 

sickness due to sensory mismatches (Chang et  al., 2020). In contrast, using a moving 

object to guide attention is also effective but less intrusive (for more examples, see Spei-

cher et al., 2019). Moreover, cueing methods can be divided into diegetic and non-diegetic 

methods, where diegetic methods use elements within the original scene for attention guid-

ance (e.g., sunlight, traffic lights) (Rothe & Hußmann, 2018) and non-diegetic methods add 

additional elements to the scene. An example of non-diegetic methods is the inclusion of 

arrows pointing in the intended direction, which could ease orientation in VR videos (Lin 

et al., 2017).

Regarding non-diegetic cues in VR videos, arrow cues and text cues enhanced learning 

outcomes (Liu et al., 2022), especially when they assisted learners to locate the relevant 

field of view (Beege et  al., 2023). For interactive VR environments, research using text 

annotations as cues showed mixed results regarding learning outcomes (Albus et al., 2021; 

Zhang et al., 2023). Further, Albus and Seufert (2022) showed that green circles around 

relevant parts of a virtual animal (e.g., ears, hoofs) improved learning and decreased cogni-

tive load in a desktop-VR learning environment. However, the cues in these experiments 

mainly guided learners’ attention within objects that were already within the learners’ field 

of view (Albus & Seufert, 2022; Albus et  al., 2021). Further, whereas on the one hand, 

adding non-diegetic cues to the learning materials may be effective for highlighting rel-

evant learning material, on the other hand, it might also emphasize that the environment 

is artificial, thus decreasing representational fidelity. Decreasing representational fidel-

ity might in turn decrease presence and might thus hamper learning according to CAMIL 

(Makransky & Petersen, 2021).
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Therefore, it may be worth exploring diegetic cues that are part of the scene and may 

thus be better suited to maintain representational fidelity. In this regard, light, movement, 

and sound cues have been shown to efficiently guide attention to relevant objects (Rothe 

& Hußmann, 2018). Extending the findings of Rothe and Hußmann (2018), we tested the 

effects of light and movement cues on a search task with simultaneously narrated learning 

content in a desktop-VR learning environment (Decker & Merkt, 2024). In two experi-

ments, participants were tasked with locating and selecting objects in a desktop-VR learn-

ing environment while simultaneously listening to a narration providing educational con-

tent about each object. Experiment 1 utilized a balanced within-subject design, where each 

participant experienced all cueing conditions across different trials (i.e., each search task 

featured a cue distinct from the previous one). The results indicated that only the move-

ment cue significantly reduced search times and that neither the movement nor the light 

cue had an effect on learning outcomes. Several explanations may account for these find-

ings. First, regarding search times, the light cue may have been at a disadvantage, as move-

ment may attract attention more automatically (Jiang et al., 2018) compared to a static light 

cue. Given the unpredictability of cue types from one task to the next in the within-sub-

jects design, only the more automatic movement cue may have proved effective. Second, 

concerning learning outcomes, the narration for each search task substantially exceeded 

the average search time, allowing participants ample opportunity to focus on the content 

once the object was located, thus diminishing the potential benefits of cueing in the dual-

task paradigm including a concurrent search and learning task. Building on these possible 

explanations, Experiment 2 adopted a between-subject design to enhance predictability; 

participants were randomly assigned to one of three distinct groups, each experiencing only 

one cue type across all search tasks. Additionally, the narration was significantly short-

ened to test whether cueing would be effective when participants needed to engage with 

both tasks concurrently. In this experiment, results showed that the light cue facilitated 

overall performance (i.e., search times and learning outcomes) (Decker & Merkt, 2024). 

This result is in line with previous research suggesting that facilitating performance in one 

task might influence overall performance in a dual task (Bender et al., 2017; Dux et al., 

2009; Grinschgl et al., 2023; Hazeltine et al., 2002; Strobach et al., 2012). The movement 

cue, though it consistently reduced search times across both experiments, may have lacked 

impact on learning due to a reduction in the sense of presence (Decker & Merkt, 2024). 

Thus, further research is needed to identify cueing methods that do not reduce presence 

and direct attention naturally. Since Speicher et al. (2019) suggested that one of the most 

efficient ways to guide attention was adding a person to follow in a VR video, in the current 

experiment, we compare a pedagogical agent cue with the light cue, which was promising 

in the desktop-VR learning environment (Decker & Merkt, 2024).

Pedagogical agents as cues

Human-like virtual characters, also known as pedagogical agents (Apoki et al., 2022; Craig 

et al., 2002), might serve several purposes in learning material. In the following section, we 

will explore their potential to direct attention and convey social cues.

First, several studies implied that humans (especially human faces) naturally attract atten-

tion in conventional videos (Kizilcec et al., 2014; Sondermann et al., 2024) and that following 

a person in a 360° degree video is an efficient way to guide attention (Speicher et al., 2019). 

Thus, it seems reasonable to assume that a pedagogical agent might also help learners to ori-

ent themselves by guiding them to the relevant viewpoint in the learning environment. Further, 
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focusing on gestures, several studies suggested that pedagogical agents can guide attention 

by using pointing gestures (Khokhar & Borst, 2022), which often influenced learning posi-

tively (Davis, 2018; Li et al., 2019). Moreover, gaze is a highly relevant source of information 

(McKay et al., 2021). People tend to align their attention to the same object as the person they 

are interacting with (Frischen et al., 2007). Thus, using gaze to direct attention to an object of 

mutual interest appears feasible. Moreover, a meta-analysis of McKay et al. (2021) implied 

that this so-called gaze-cueing effect appeared equally for real, schematic, and computer-

generated faces (McKay et al., 2021). Therefore, we assume that the gaze of a pedagogical 

agent should provide enough information to direct attention. However, previous research on 

the effects of a pedagogical agent directing attention through gaze has shown heterogeneous 

results regarding its impact on learning (Li et al., 2023; Pejsa et al., 2015).

Second, using pedagogical agents to provide social cues in learning materials may be ben-

eficial for learning (Bandura, 1977; Mayer, 2014; Schneider et al., 2022), as such cues can 

elicit a social response (Li et al., 2022), thereby enhancing (para-)social and metacognitive 

processes. These processes, in turn, can influence information selection and processing, as 

well as the construction of mental models in long-term memory.

In summary, the question remains whether a pedagogical agent could effectively direct 

attention in a 360° environment, and how such guidance impacts learning in VR. Additionally, 

we aim to investigate whether the agent’s image can introduce social cues beyond the voice, 

which remained consistent across other conditions, into the learning environment.

Potential negative effects of cueing on the formation of a mental representation

Since a growing amount of research is concerned with adverse effects of digital support on 

human abilities (for an overview, see Clinch et al., 2021), investigating whether cueing nega-

tively affects the formation of a mental spatial representation seems vital for the further devel-

opment of new cueing methods in VR. For instance, navigation using GPS tools is an impor-

tant area in which many people rely on digital support, even though current research implies 

detrimental effect on the construction of mental spatial representations (Dahmani & Bohbot, 

2020; Gardony et al., 2015; Hejtmánek et al., 2018; Ishikawa et al., 2008).

Potential reasons for adverse effects of technology support on the construction of men-

tal representations might be inappropriate encoding due to a lack of practice (van der Haak, 

2014) or due to cognitive offloading, which is defined as the externalization of cognitive 

processes (Grinschgl et al., 2023). A recent review by Skulmowski (2023) emphasized that 

even though offloading behavior can be helpful in daily tasks, it might have negative effects 

on learning. Moreover, recent research has also shown that supporting learners in a practice 

phase by allowing offloading behavior (i.e., manipulating a digital representation according 

to the requirements of the task) enhanced immediate task performance; however, participants 

couldn’t maintain their performance without this support (Moritz et al., 2020). Thus, we aim 

to investigate whether cueing support in a VR learning environment has detrimental effects on 

the construction of mental spatial representations.

The current experiment

In the current experiment, we compared the effects of cueing provided by a pedagogical 

agent to a light cue and a control condition without cueing. The dependent variables were 

search times, learning outcomes, mental spatial representation, and presence. Findings 
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from our previous research (Decker & Merkt, 2024) on cueing in a desktop-VR learning 

environment indicated that light cues reduced search times and improved learning out-

comes in a between-subject design in that participants completed all search trials with the 

same cue. However, since according to CAMIL (Makransky & Petersen, 2021), an addi-

tional increase in presence could further improve learning, we decided to use a pedagogical 

agent cue in this experiment to increase social presence. In this context, cueing provided 

by a pedagogical agent might be effective, as learners are expected to direct their field of 

view toward the human-like agent, since humans naturally attract attention (Kizilcec et al., 

2014).

Further, previous research suggested that performing two tasks simultaneously (i.e., 

performing search tasks and simultaneously listening to learning materials) can be particu-

larly challenging for learners (Bender et al., 2017; Hornof et al., 2010; Meyer & Kieras, 

1997; Pashler, 1994). Facilitating the successful completion of one of the two tasks that 

participants are expected to perform simultaneously may improve overall performance. 

Approaches tested include, for instance, training or cognitive offloading (e.g., providing 

opportunities to externalize mental processes, for instance by writing them down) (Bender 

et al., 2017; Dux et al., 2009; Grinschgl et al., 2023; Hazeltine et al., 2002; Strobach et al., 

2012). The mechanism underlying this approach is based on the premise that when cogni-

tive load is reduced in one task, additional resources may become available for the other 

one (Grinschgl et al., 2023). In this study, we aim to test whether cueing might also serve 

as an effective strategy to achieve this redistribution by guiding attention in a way that 

minimizes the demands of the search task and potentially enhances learning outcomes in 

the simultaneous learning task.

Finally, since several studies implied detrimental effects on memory when participants 

overly rely on technical support (for an overview, see Clinch et al., 2021), we investigate 

whether cueing may have detrimental effects on learners’ mental spatial representations. 

Moreover, we investigate how these different cueing methods affect presence, which is con-

sidered to be a prerequisite for successful learning in VR (Makransky & Petersen, 2021). 

Building on these considerations, we preregistered the following hypotheses on OSF.1

Hypotheses

Hypothesis 1 The search task is solved faster if the object is highlighted by either the peda-

gogical agent cue (Hypothesis 1a) or the light cue (Hypothesis 1b).

Hypothesis 2 Learning outcomes will be better when the search task in the learning envi-

ronment is supported by either the pedagogical agent cue (Hypothesis 2a) or the light cue 

(Hypothesis 2b).

Hypothesis 3 The mental spatial representation of the learning environment will be less 

accurate when the search task was supported by either the pedagogical agent cue (Hypoth-

esis 3a) or the light cue (Hypothesis 3b) (i.e., participants will remember fewer object 

positions accurately).

1 https:// osf. io/ 7ufrh/? view_ only= 28ae3 30c9b b344b 191b6 6428d 1f50b 83

https://osf.io/7ufrh/?view_only=28ae330c9bb344b191b66428d1f50b83
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Hypothesis 4 Presence (Presence scale, see Makransky et  al., 2017) will be higher 

when the search task in the learning environment is supported by the pedagogical agent 

cue compared to the no cueing condition (Hypothesis 4a) and the light cueing condition 

(Hypothesis 4b).

Method

Participants and design

The experiment was conducted with 91 participants, none of whom had to be excluded 

due to the pre-defined exclusion criteria (i.e., not completing the study, insufficient knowl-

edge of the German language, missing values in the search times, severe motion sickness, 

incorrect answer to the attention check). This resulted in a sample of 91 German-speaking 

participants (46 male, 45 female). Their mean age was 37.44 years (SD = 14.28). In this 

experiment, the independent variable was cueing with the factor levels pedagogical agent 

cue, light cue, and no cue. The dependent variables were search times, learning, mental 

spatial representation, and presence. Participants were randomly assigned to one of the 

three between-subjects conditions and received 10 € for their participation.

Learning materials: VR learning environment

The VR learning environment represented a virtual wood workshop which was presented 

on the Pico Neo 2 Eye, a stand-alone VR headset with a 101° field of view, 6 DoF track-

ing and a refresh rate of 75 Hz. In this learning environment, participants used a virtual 

laser pointer to locate and select twelve typical workshop items, such as a level, various 

tools, and a fire extinguisher. While they were searching, they listened to narrated factual 

information2 about each object, which was delivered either by the pedagogical agent or an 

off-screen voice in the light cue condition and the condition without cues. The objects were 

distributed evenly across the environment and the laser pointer was controlled with the 

right VR controller. At the beginning of each of the twelve trials (eleven plus one practice 

trial), a large user interface (UI) centered in the participants’ field of view showed a picture 

of the object and a prompt such as “Please find the fire extinguisher”. After sufficient read-

ing time the large UI disappeared, and a smaller version appeared on a virtual pinboard 

hanging on a wall in the workshop. A human male voice narrated the spoken learning con-

tent while the participants were searching. The narration took between 8 and 16 s for each 

object. The selection of the right item was confirmed with a green check mark appearing 

in the center of the field of view. After participants selected the object, the search trial 

proceeded until the spoken learning content was finished. If the participants could not find 

the object within 300 s, the trial was registered as incomplete. After a trial was either com-

pleted or registered as incomplete, the learning environment reloaded the scene, which was 

indicated by a short black overlay, and the next search trial started. The learning environ-

ment (see Fig. 1) was created using Unity (Version 2019.4.13f1).

2 The full content of the narrated factual information is provided in Appendix B.
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In the light cue condition, the cued object was illuminated with a reddish light imitat-

ing light coming from an invisible projector placed above the object. In the pedagogical 

agent cue condition, the pedagogical agent was positioned in an unoccupied area in close 

proximity to the search object, which might guide learners to the relevant field of view. 

The full-body pedagogical agent displayed conversational gestures without deictic func-

tions (Davis, 2018) and mimic as he presented the learning content. In the beginning of 

each trial, the agent looked in the direction of the learners who stood in a predefined area 

in the middle of the virtual room. After a short time, the agent then performed occasional 

gaze shifts to the search object, which might have given learners an additional hint about 

the exact position of the object. After a few sec, the agent turned its gaze back to the learn-

ers. Regarding the design, the pedagogical agent was portrayed to be an adult male and 

wore brown dungarees. The agent’s clothing design was based on the recommendations 

for workwear of the Employer’s Liability Insurance Association for Wood and Metal in 

Germany (BGHM, 2019) and was evaluated to be credible and fitting to the theme in a 

previous pilot study (Decker & Merkt, 2023). The pedagogical agent was designed with 

Character Creator 3.3 and animated with iClone 7.8 (see Fig. 2).

Measures & instruments

Prior knowledge & interest Before engaging with the virtual reality (VR) learning envi-

ronment, participants’ self-assessed levels of prior knowledge and interest in the contents 

were measured with a 7-point Likert scales ranging from 1 (indicating almost no prior 

Fig. 1  Different perspectives of the learning environment from the learner’s perspective. Note. 1–7. Step-

by-step sections of the VR learning environment in a clockwise direction including the virtual pinboard; (8) 

Example for the placement of the pedagogical agent; (9) Example of an object with light cue
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knowledge/interest) to 7 (reflecting a lot of prior knowledge/very great interest). There were 

three items for each measure, covering topics like the usage of various tools (e.g. hammers, 

drills), weather protection of wood, and fire safety in workshops. Cronbach’s alpha was 0.79 

for the prior knowledge items and 0.82 for the interest items.

Additionally, participants’ experiences with head-mounted display VR and desktop-

VR as well as their experience with VR learning environments were assessed using 

three items that had to be rated on 7-point Likert scales ranging from 1 (indicating 

almost no experience) to 7 (indicating a lot of experience). Cronbach’s alpha was 0.74 

for the three VR experience items.

Search time During the search trials, the learning environment recorded the search times 

for each object, defined by the seconds elapsed from the start of the trial until the selection 

of the correct object with the virtual laser pointer.

Mental spatial representation To assess learners’ mental spatial representation, a men-

tal spatial representation test was created including the twelve search objects from the 

learning environment. This test environment resembled the original learning environ-

ment, except that red question marks were inserted as placeholders instead of the search 

objects and there was no narration. During this test, participants were prompted to select 

the placeholder that represented the position of each search object in the original learning 

environment. If participants could not find the correct object on the first attempt, they 

could try again until a maximum of 30 s had elapsed. The mental spatial representation 

test recorded the time it took participants to select the correct question mark and the 

number of times participants selected the wrong question mark, i.e. the number of mis-

takes. See Fig. 3 for an illustration.

Fig. 2  Pedagogical agent design
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Knowledge test Learning outcomes were measured with 22 open-ended questions (i.e., 

two questions per search object). No knowledge questions were posed about the object in 

the practice trial. The responses were scored independently by two raters, with all Cohen’s 

Kappa coefficients ≥ 0.80, indicating strong inter-rater agreement. Each correct answer was 

awarded one point, resulting in a maximum score of 22 points. For correct but incomplete 

answers, partial points were assigned. The Cronbach’s alpha coefficient for the knowledge 

items was 0.73.

Presence

We assessed physical presence, self-presence, and social presence utilizing a set of 5 

items each (i.e., a total of 15 items for the complete presence assessments) developed 

by Makransky et al. (2017). For physical presence, participants responded to items such 

as “I was completely captivated by the virtual world” (Cronbach’s alpha = 0.87). Self-

presence was measured with items including  “I felt like my real hand was inside of 

the virtual environment”(Cronbach’s alpha = 0.87), while social presence was assessed 

with statements like “I felt like I was in the presence of another person in the virtual 

environment”(Cronbach’s alpha = 0.88). These items were rated on a 5-point Likert 

scale ranging from 1 (does not apply at all) to 5 (fully applies). In this experiment we 

used the German version of the scale, translated by Volkmann et al. (2018).

Fig. 3  Mental Spatial Representation Test
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Cognitive load

We employed the cognitive load scale developed by Andersen and Makransky (2021). This 

instrument was specifically adapted for virtual reality environments. The scale measures 

cognitive load using 11-point Likert scales ranging from 0 (does not apply at all) to 10 

(fully applies). In addition to measuring germane cognitive load (4 items, such as “The 

virtual environment really enhanced my understanding of the procedures covered”, Cron-

bach’s alpha =.92) and intrinsic cognitive load (3 items, such as “The virtual environment 

covered procedures that I perceived as very complex”, Cronbach’s alpha =.94), this scale 

distinguishes between three types of extraneous cognitive load. These include environmen-

tal extraneous cognitive load (4 items, such as “The virtual environment was full of irrel-

evant content”, Cronbach’s alpha =.72), extraneous cognitive load for instruction (3 items, 

such as “The explanations used in the virtual environment were full of unclear content”, 

Cronbach’s alpha =.53), and extraneous cognitive load for interaction (4 items, such as 

“The interaction technique used in the virtual environment made it harder to learn”, Cron-

bach’s alpha =.57).

Fig. 4  Procedure of the experiment
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Procedure

A maximum of two participants per timeslot were seated in front of a laptop in the labora-

tory and asked to sign the consent form. Afterwards, they were randomly assigned to one 

of the three experimental conditions (i.e. pedagogical agent cue, light cue, or no cue). Next, 

prior knowledge, general interest in the learning content, and VR experience was recorded. 

The participants then completed the learning environment (see Sect."Learning materials: 

VR learning environment"for a detailed description) in the version that corresponded to 

their randomly assigned condition. Participants stood while engaging with the learning 

environment, which was delivered through the VR headset and lasted approximately five 

minutes, including initial instructions and a practice trial. After participants completed the 

learning environment, they were again seated in front of the laptop and evaluated their 

learning experience concerning cognitive load and presence. Next, the knowledge test 

was administered. Afterwards, the mental spatial representation was measured using the 

VR Headset, which took a maximum of six minutes (i.e., 30 s maximum for each object). 

Finally, participants were asked to provide their demographic data and the debriefing took 

place. See Fig. 4 for an illustration of the procedure.

Table 1  Overall means and standard deviations

Variable Cueing method Overall

PA Light None

Prior interest 3.09 (1.54) 3.29 (1.62) 3.02 (1.30) 3.14 (1.48)

Prior knowledge 2.74 (1.28) 3.30 (1.22) 3.09 (1.37) 3.04 (1.29)

VR experience 2.33 (1.37) 2.69 (1.54) 2.19 (1.34) 2.41 (1.42)

Search time 11.87 (5.05) 9.28 (5.62) 15.94 (6.78) 12.38 (6.44)

Knowledge test 5.91 (3.06) 7.06 (3.27) 7.02 (3.73) 6.68 (3.38)

Mental representation

speed—T50

4.06 (1.37) 4.04 (1.03) 4.21 (2.50) 4.11 (1.74)

Mental representation

first hit success

6.54 (1.77) 6.87 (1.77) 7.32 (1.81) 6.91 (1.79)

Mental representation

total mistakes

1.99 (1.64) 1.78 (1.52) 1.64 (2.12) 1.80 (1.77)

Social presence 1.77 (0.74) 2.14 (0.98) 2.10 (1.05) 2.01 (0.94)

Physical presence 3.27 (0.91) 3.78 (0.62) 3.88 (0.89) 3.65 (0.85)

Self presence 2.60 (0.77) 3.24 (0.98) 3.21 (1.00) 3.02 (0.96)

Intrinsic cognitive load 3.30 (2.77) 3.48 (2.05) 3.17 (2.96) 3.32 (2.59)

Environmental extraneous cognitive load 2.22 (1.87) 1.70 (1.71) 2.13 (1.76) 2.01 (1.77)

Extraneous cognitive load for instruction 2.06 (1.53) 1.82 (1.68) 2.12 (1.86) 2.00 (1.68)

Extraneous cognitive load for interaction 2.34 (1.81) 1.37 (1.22) 1.91 (1.73) 1.86 (1.63)

Germane cognitive load 2.90 (2.55) 3.94 (1.94) 3.47 (2.82) 3.45 (2.47)

N 29 31 31 91
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Results

Data were analyzed using ANOVAs with cueing as a between-subject factor (pedagogical 

agent cue, light cue, no cue) for each of the dependent variables. The data and the analysis 

script are available on OSF.3 All descriptive data can be seen in Table 1.4

Prior knowledge, interest, VR experience, and demographics

There were no differences between the three groups concerning learners’ self-reported 

prior knowledge (M = 3.05, SD = 1.30), F(2, 88) = 1.46, p = 0.237, ηp
2 =.03, self-reported 

interest about the contents (M = 3.14, SD = 1.48), F < 1, or self-reported VR experience 

(M = 2.41, SD = 1.42), F(2, 88) = 1.00, p =.372, ηp
2 =.02.

Further, neither the proportion of gender X2 (2, N = 91) = 5.78, p =.055, nor the propor-

tion of highest educational qualifications, X2 (8, N = 91) = 5.97, p = 0.651, differed between 

the groups. Regarding age, there was no effects of cueing, F < 1. Thus, we can assume that 

the groups were comparable.

Search time

Corroborating Hypotheses 1a and 1b, the ANOVA for search time revealed a significant 

effect of cueing, F(2, 88) = 10.13, p <.001, ηp
2 =.19. Post-hoc tests with Bonferroni adjust-

ment showed faster search times for the pedagogical agent cue (M = 11.87, SD = 5.05) 

compared to the condition without cueing (M = 15.94, SD = 6.78), p =.026, and also faster 

search times for the light cue (M = 9.28, SD = 5.62) compared to the condition without cue-

ing, p <.001. The pedagogical agent cue and the light cue did not differ, p = 0.272.

Learning outcomes

In contrast to Hypotheses 2a and 2b, the ANOVA revealed no significant effect of cueing 

for the learning outcomes (M = 6.68, SD = 3.38), F(2, 88) = 1.10, p = 0.336, ηp
2 =.02.

Mental spatial representation

Concerning mental spatial representation, three different analyses were conducted: one 

examining the times participants correctly picked the correct placeholder without commit-

ting mistakes, another analyzing the total number of mistakes made across trials, and a 

third focusing on the top 50% of search times until the correct placeholder was selected.

The first analysis regarding the number of times participants successfully picked the 

correct placeholder without mistakes did not reveal any effect of cueing, F(2, 88) = 1.54, 

p = 0.220, ηp
2 = 0.03.

3 https:// osf. io/ u6z8k/? view_ only= dcdd0 29041 624a8 e954b 13039 09b38 ff
4 The full list of items in the instruments used in this study is provided in Appendix B. Additionally, a 

MANOVA encompassing the dependent variables has been included in Appendix A.

https://osf.io/u6z8k/?view_only=dcdd029041624a8e954b1303909b38ff
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The second analysis regarding the total number of mistakes participants made in the 

selection of the correct object placeholder also did not reveal an effect of cueing, F < 1.

For the third analysis, the search times until the correct placeholder was selected were 

analyzed. Since several participants did not identify the correct placeholder for some 

objects within 30 s, there were missing values, which could distort the calculation of the 

means. Thus, we applied the  T50—Method (Hooge & Camps, 2013) and included only the 

top 50% of each participants search times for the correct placeholder. This analysis also did 

not reveal an effect of cueing, F < 1. Thus, none of the analyses supported Hypotheses 3a 

and 3b.

Presence

Concerning Hypothesis 4, the ANOVAs revealed no significant effect of cueing on social 

presence, F(2, 88) = 1.42, p = 0.246, ηp
2 =.03, but significant effects on physical presence, 

F(2,88) = 4.74, p =.011, ηp
2 = 0.10, and self-presence, F(2, 88) = 4.47, p =.014, ηp

2 =.09. 

Regarding physical presence, Bonferroni-adjusted post-hoc tests showed lower physical 

presence for the pedagogical agent cueing condition (M = 3.27, SD = 0.91) compared to 

the condition without cueing (M = 3.88, SD = 0.89), p =.015. The light cue condition did 

not significantly differ from the pedagogical agent cue condition (M = 3.78, SD = 0.62), 

p = 0.055, and the condition without cueing, p > 0.999. Concerning self-presence, Bonfer-

roni-adjusted post-hoc tests also showed lower self-presence for the pedagogical agent cue-

ing condition (M = 2.60, SD = 0.77) compared to the condition without cueing (M = 3.21, 

SD = 1.00), p =.039, and the light cueing condition (M = 3.24, SD = 0.98), p =.027. The 

light cueing condition and the condition without cueing did not differ, p >.999.

Cognitive load

Concerning the explorative evaluation of cognitive load, the ANOVAs did not reveal any 

significant effects. Specifically, there were no observed effects of cueing on intrinsic cog-

nitive load (M = 3.32, SD = 2.59), F < 1, germane cognitive load (M = 3.45, SD = 2.47), 

F(2, 88) = 1.34, p = 0.268, ηp
2 =.03, extraneous cognitive load for the environmental 

scale (M = 2.01, SD = 1.77), F < 1, extraneous cognitive load for instruction (M = 2.00, 

SD = 1.68), F < 1, or extraneous cognitive load for interaction (M = 1.86, SD = 1.63), F(2, 

88) = 2.74, p =.070, ηp
2 =.06.

Discussion

Interpretation of the results

In this experiment, we investigated the effects of a pedagogical agent cue—compared to a 

light cue and to a control group without cueing—on search times, learning outcomes, men-

tal spatial representation, and presence. Regarding Hypotheses 1a and 1b, light cues and 

the cueing provided by the pedagogical agent both reduced search times compared to the 

control group. Thus, both cueing methods guided attention equally successful with large 
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effect sizes. However, neither the light nor the pedagogical agent cue improved learning 

outcomes compared to the control group (Hypotheses 2a & 2b).

The observation that the light cue did not support learning was unexpected, as it suc-

cessfully supported learning in a similar task in desktop-VR (Decker & Merkt, 2024). This 

observation might indicate that immersive VR is more challenging, possibly because phys-

ically moving around with the whole body to perceive the environment might consume 

more resources compared to steering a desktop-VR using mouse and keyboard. Moreo-

ver, using a VR headset might still be a new and overwhelming experience for many par-

ticipants compared to using a conventional PC set up, and thus leads to inferior learning. 

Therefore, it is noteworthy that the overall learning results across the two comparable con-

ditions (light cueing and no cueing) in this experiment were lower (M = 7.04, SD = 3.48) 

compared to our previous study (M = 9.07, SD = 3.67),5 even though physical and self-

presence in this experiment far surpassed that of our previous research.6 However, these 

comparisons should be interpreted with caution, because beyond the difference in media 

(immersive VR vs. desktop-VR), there were other differences between these experiments. 

In the desktop-VR, the mini user interface (which appeared after the large one disappeared) 

was placed in the upper right corner of the screen, whereas in the HMD VR, it was on a 

virtual pinboard. Additionally, desktop-VR participants started each task from the same 

position, while participants in this experiment began each new task from where the last 

one ended to reduce motion sickness from forced repositioning. Moreover, while the previ-

ous experiment was conducted online, the current study took place in a laboratory setting, 

introducing additional factors beyond the difference in medium. One such factor could be 

differences in participant populations: the online sample was recruited via the panel pro-

vider Prolific, where registered participants are likely more experienced with study plat-

forms and familiar with the technical systems used in research. Moreover, a comparison of 

self-assessed prior knowledge and VR experience between the experiments revealed that 

participants in this study reported significantly greater prior knowledge7 of the learning 

content, whereas those in our previous research indicated significantly more experience 

with VR.8 However, these comparisons, like those of learning outcomes, have interpre-

tational limitations as they stem from different experiments. Nevertheless, systematically 

investigating how these variables influence learning outcomes—and whether, for example, 

pre-training (Delgado & Mayer, 2025) could help balance differences in prior VR experi-

ence—remains an interesting avenue for future research.

Aside from these differences, the tasks and learning content remained identical, and the 

gender distribution was comparable between the studies.9 Thus, more systematic research 

might be necessary to test why cueing could not relieve enough cognitive resources to sup-

port learning in immersive VR, even though supporting the orientation seemed success-

ful. Nevertheless, this result is in line with previous research by Makransky et al. (2019) 

stating that immersive VR decreased learning compared to desktop-VR. Another possible 

5 For comparisons between this experiment and our previous research, we analyzed aggregated means of 

comparable conditions (light cues and no cues) using one-sample t-tests and a chi-square test for gender: 

Learning outcomes: t(61) = -4.59, p <.001.
6 Physical presence: t(61) = 12.11, p <.001/Self-Presence: t(61) = 11.34, p <.001.
7 Prior knowledge: t(61) = 4.24, p <.001.
8 VR experience: t(61) = -3.69, p <.001.
9 Gender: χ2(2, n = 168) = 1.16, p =.561. The sample comprises the combined light cue and no-cue condi-

tions from both experiments, including 106 participants from the previous study.
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explanation relates to the types of memory engaged in the experiment. First, we hypoth-

esized that cueing might reduce cognitive load in working memory, thereby facilitating the 

construction of schemas in early long-term memory. Engagement of the early long-term 

memory for the tests in this experiment can reasonably be assumed for two reasons: First, 

after the learning phase, participants evaluated their learning experience (e.g., presence 

and cognitive load), meaning that a significant amount of time passed between exposure 

to the VR environment and the knowledge test—far exceeding the few seconds typically 

associated with working memory (Baddeley, 1992). Second, the learning content, includ-

ing the narration and spatial object positions, exceeded the assumed capacity of working 

memory, with the narration, for example, being too long to be rehearsed within the phono-

logical loop (Baddeley, 1992). However, since CAMIL (Makransky & Petersen, 2021) sug-

gests that highly immersive VR environments may be particularly beneficial for procedural 

knowledge, the fact that our study tested declarative memory, specifically the retention 

of semantic factual knowledge and spatial information, may have led to a misalignment 

between the strengths of the VR medium and the type of knowledge being tested, poten-

tially influencing the outcomes negatively.

An additional factor to consider is cognitive load. Even though both cueing methods 

successfully reduced search times, participants did not rate their extraneous cognitive 

load to be lower in the cueing conditions. Thus, cueing did not free up cognitive resources 

towards a deeper elaboration of the learning materials, which might have enhanced overall 

performance in a dual task (Grinschgl et  al., 2023). Managing two tasks simultaneously 

presents a significant challenge, often leading individuals to instinctively prioritize one of 

the tasks as the “primary task”. In dual-task research, this tendency is a well-documented 

issue (Hazeltine et al., 2002). In our experiment, learners were informed that they would 

need to simultaneously search and listen, as the narrated content would be relevant for the 

knowledge test. However, due to the demands of the search task, which required the learn-

ers to actively locate objects in the virtual environment, it likely commanded more attention 

than the more passive task of listening to the learning materials. This may have decreased 

attention to the learning materials and dampened the effects of cueing on the learning out-

comes. This explanation aligns with Jackson et  al., (2023a, 2023b), who found that in a 

dual-task setup, where participants searched for hidden objects in a simulated environment 

while memorizing words, performance in word memorization decreased in comparison to 

a single task, as participants prioritized the search task over the memory task.

Potential explanations why cueing provided by the pedagogical agent did not support 

learning might also be related to the observations regarding presence (Hypothesis 4). Not 

only did the pedagogical agent fail to enhance social presence, but it reduced physical and 

self-presence instead. Regarding social presence, it could be argued that the agent’s voice, 

which came from off-screen in the light cue and the control condition, provided the same 

level of social presence as the image of the agent (also see Mayer et al., 2003). Moreover, 

because the learning environment was rather short in duration (approximately 5 min) and 

the engagement with the agent was limited to passive listening, establishing a social con-

nection to the agent could have been challenging. Further, since the study was conducted 

in the laboratory, where one person from the research team was present (and in some cases 

a second participant), the likelihood to seek a social connection with a pedagogical agent 

was probably limited.

Moreover, according to CAMIL (Makransky & Petersen, 2021), the reduced physical 

and self-presence might be due to the representational fidelity of the pedagogical agent. 

First, at the beginning of each task, the pedagogical agent was repositioned. Participants 

did not see this repositioning, but the pedagogical agent changed the position during the 
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black overlay when the environment was reloaded, which might have been disruptive. 

Second, in line with recommendations by Dai et al. (2022), we aimed to create a highly 

embodied pedagogical agent featuring conversational gesturing, idle positions, breath-

ing movements, and facial expressions while narrating. In this process, we may have cre-

ated a pedagogical agent that was close to a real person, but did not resemble real persons 

sufficiently, so that an uncanny valley effect may have occurred (Mori et al., 2012). The 

uncanny valley effect states that the likability of artificial characters increases as a function 

of their human likeness, but that this likability drops shortly before reaching the level of 

real people. At this point, the digital characters reach a very high level of human likeness, 

but still show signs of artificiality, which makes many people feel unsettled. In addition, 

the results of Li et al. (2024) imply that on-screen instructors with higher realism do not 

improve learning, possibly because these instructors attract a lot of attention. These expla-

nations should be addressed through further variations in agent design in future research.

Regarding Hypothesis 3, there were no detrimental effects of cueing on the participants’ 

mental spatial representation, which is in contrast to our initial assumption, but corrobo-

rates results from Stefanucci et  al. (2022) stating that cues provided inside the environ-

ment may not have the same detrimental effects as navigational aids provided on a sepa-

rate device such as a GPS tool. In particular, the efficient use of external navigational aids 

requires users to look at their device, which distracts their attention away from their physi-

cal surroundings. Moreover, Gardony et al. (2013) point out that the impairment found in 

several studies on the use of navigation aids might be caused by a switch between first-per-

son perspective navigation in the learning phase to a survey-like assessment of the spatial 

representation (e.g., looking from above) in the test phase. Thus, using the same perspec-

tive in the learning environment and in the mental spatial representation test in our experi-

ment may have avoided negative effects of cueing on spatial representation.

Our findings offer several implications for the design of VR-based learning envi-

ronments. While both cueing methods effectively guided attention, this did not lead to 

improved learning outcomes, suggesting that orientation support alone may not be suffi-

cient in dual-task learning contexts. Designers should therefore be cautious in assuming 

that reducing orientation effort automatically frees up resources for deeper learning, if 

orientation and learning need to happen at the same time. Consequently, future research 

should explore how additional instructional strategies, for instance a more extended famil-

iarization with the VR setup and environment, may help learners make more effective use 

of their available cognitive resources in immersive environments. Additionally, the peda-

gogical agent reduced physical and self-presence, underscoring the importance of carefully 

calibrating its level of realism. Pre-testing both the design elements and their animations is 

therefore advisable.

Limitations and directions for future research

This research is subject to some limitations. First, the virtual workshop consisted of a sin-

gle medium-sized room in which most of the search tasks could be mastered by walking a 

few steps and turning around. The extent to which these results can be generalized to more 

complex and larger VR environments should therefore be the subject of further research. 

For the learning content, we selected factual information within a woodworking context, as 

pre-testing in our previous research (Decker & Merkt, 2023) showed this knowledge was 
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not widely known. Crucially, this context served as a proxy to examine a broader princi-

ple: whether cueing in a dual-task scenario—combining search and learning—can free up 

cognitive resources to support deeper learning. This principle is relevant across various 

contexts in which learners must orient themselves while engaging with instructional con-

tent. VR was particularly well-suited for studying this dynamic, as it provides a highly con-

trolled environment for systematically presenting and monitoring complex tasks (Obourdin 

et  al., 2024). Thus, while cueing was tested within a specific scenario, our goal was to 

evaluate it as a generalizable instructional principle for immersive learning environments.

However, the open-answer format and the substantial amount of information covered in 

a short time may have contributed to relatively high item difficulties.10 Therefore, future 

research could explore this principle using content with greater prior familiarity or a more 

accessible format, such as multiple-choice questions. Future research will be essential to 

further explore its applicability in different VR learning contexts. Furthermore, several 

comparisons in this discussion stem from two distinct experiments—one conducted online 

and the other in a laboratory setting. While our findings suggest that VR displayed in an 

HMD may pose greater challenges than desktop-VR, which would align with prior findings 

by Makransky et  al. (2019), future research should further test this conclusion to gain a 

deeper understanding of how different VR setups impact learning and cognitive load. Other 

influencing variables such as prior knowledge and VR experience, which differed signifi-

cantly between the experiments, could also be controlled in future research.

As previously discussed, perceiving the search task as the primary task would also be a 

possible explanation for the lack of cueing effects on the learning outcomes because cue-

ing cannot have a supporting effect on the learning task if the narration is deliberately not 

given sufficient attention. In future studies, this problem could be addressed, for example, 

by redesigning the learning tasks to include more active participation. Moreover, partici-

pants were aware they needed to search for objects, naturally shifting their field of view. 

It would be valuable to test these cueing methods in scenarios where no specific focus 

areas are indicated, requiring only general exploration. This could reveal whether cueing 

enhances comprehensive exploration.

The design and implementation of the pedagogical agent is also subject to limita-

tions. Even though the design was assessed as suitable in a pilot study (Decker & Merkt, 

2023), the agent had negative effects on physical and self- presence. As discussed above, 

the repositioning of the agent between tasks could have disrupted presence. Thus, further 

approaches could include a more natural transition between search tasks. For example, a 

more fluid repositioning in which the agent walks to the new position could reduce the 

negative effects on presence. Since Speicher et al. (2019) also suggested that following a 

person is a potential way to guide attention in a VR video, it seems reasonable to assume 

that following an agent might also successfully guide attention.

Further, the primary aim of this experiment was to test attention guidance using the 

position of a pedagogical agent, with gaze intended only as an additional hint. Although 

the overall gaze pattern (i.e., from the participant to the object and back to the participant) 

remained consistent, the gaze itself varied according to the object’s position, sometimes 

requiring more or less head and upper body movement. Systematically exploring these 

variations in future experiments would be a valuable direction for further research. Finally, 

10 The exact item difficulties can be found in the Appendix B Table 3, listed alongside the respective items.
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future research could also explore how different levels of interaction between learners and 

agent, such as establishing a dialogue, might affect presence and learning.

Conclusion

Since difficulties like user disorientation are a major challenge in VR learning environ-

ments, methods to assist orientation need to be developed and tested. In this experiment, 

both a pedagogical agent cue and light cues guided learners’ attention and had no nega-

tive effects on the construction of a mental spatial representation of the environment. 

However, the cueing provided by the pedagogical agent negatively impacted physical 

and self-presence, and neither of these cueing methods increased the learning outcomes 

in a simultaneous learning task. Future research should address whether these results 

generalize to more complex virtual environments with more complex learning tasks.

Appendix A

Supplementary analyses and findings

In addition to the analyses described in the manuscript, we conducted a MANOVA to 

assess potential interactions across the dependent variables (Learning, Search Time, 

Physical Presence, and Self-Presence). The MANOVA results indicated a statistically 

significant effect of cueing on the combined dependent variables, Wilks’ Λ = 0.674, F(8, 

170) = 4.63, p < 0.001. However, post-hoc ANOVAs on each individual dependent vari-

able revealed the same effects as discussed in the paper, indicating no additional interac-

tions among the dependent variables.

Appendix B

Measurement instruments

See Tables 2, 3, 4, 5
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