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Abstract 

Providing young professionals with forma>ve feedback during public speaking training is 

crucial for improving public speaking skills. Forma>ve feedback can be dis>nguished based on >ming: 

immediate or delayed. Exis>ng studies revealed inconsistencies in the effect of immediate feedback, 

revealing it could both posi>vely and nega>vely impact performance enhancement during public 

speaking training. This research explored the effect of feedback >ming on voice usage of young 

professionals and the media>ng factor of flow experience in a Virtual Reality (VR) public speaking 

context. Building on prior research of flow theory, this study explored whether immediate feedback 

acts as a disrup>ve s>mulus to the flow experience, thereby poten>ally hindering voice usage 

development. A quasi-experimental, repeated measures design was employed to measure voice 

usage within two condi>ons. Par>cipants presented three >mes las>ng three minutes in a VR 

applica>on called Ova>on, in which one condi>on received immediate feedback, and the other 

condi>on received delayed feedback. A voice use rubric and a Psychological Flow Scale (PFS) 

ques>onnaire were applied to inves>gate the flow experience and voice usage. Data was analyzed by 

execu>ng repeated measures ANOVA, ANCOVA, a linear regression analysis, and a Sobel test. 

Par>cipants showed an increase in overall voice usage scores over >me, regardless of receiving 

immediate or delayed feedback. Delayed feedback had a more posi>ve impact on the average voice 

usage over >me. Par>cipants receiving immediate feedback revealed higher scores on subcategories 

“filler words” and “appropriate use of inserted pauses” compared to the delayed feedback condi>on 

during the second presenta>on. The flow experience score of par>cipants receiving immediate 

feedback was significantly lower compared to the delayed feedback condi>on. There was no 

media>on effect of flow experience in the rela>onship between immediate feedback and voice usage. 

Keywords: Immediate feedback, delayed feedback, flow, public speaking, virtual reality. 
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IntroducHon 

Improving public speaking skills can benefit young professionals, as these skills are essen>al 

for effec>ve performance across various workplace environments (Dunbar et al., 2006; Smith & 

Sodano, 2011). Providing young professionals with forma>ve feedback during public speaking 

training can be a crucial factor in skill enhancement, as highlighted by several studies (e.g., De Grez & 

Leuven, 2009; Kerby & Romine, 2009; van Ginkel et al., 2015, 2017). In public speaking training 

contexts, forma>ve feedback ohen involves specific and personalized feedback on the presenter’s 

performance, as shown by Belboukhaddaoui and van Ginkel (2019) and van Ginkel et al. (2017). Van 

Ginkel et al. (2015) developed design principles to support public speaking competence, emphasizing 

the importance of feedback and its appropriate >ming, whether provided immediately or delayed. 

However, previous research such as Delucenay et al. (2017) and Dihoff et al. (2004) revealed 

inconsistent findings on the effect of delayed versus immediate feedback on performance. Moreover, 

delayed feedback mostly results in posi>ve learning effects, while immediate feedback could 

posi>vely and nega>vely impact learning (Shute, 2008).  

Research on the role of immediate versus delayed feedback for performance enhancement in 

public speaking contexts seems limited and shows discrepancies. Specifically, a study by Tanveer et al. 

(2015) showed that immediate feedback helped improve the presenter’s varia>on in speaking rate. 

Conversely, Chollet et al. (2015) revealed that immediate feedback, compared to other forms of 

feedback, is less effec>ve as it distracts the speakers. A more recent study by Belboukhaddaoui and 

van Ginkel et al. (2019), revealed no significant differences between delayed and immediate feedback 

impac>ng the presenter's performance but recommended similar follow-up studies due to the 

limita>ons of their study. These contras>ng findings underscore the need for further inves>ga>on 

into how immediate versus delayed feedback affects public speaking skills, par>cularly given concerns 

that immediate feedback might distract and hinder skill enhancement.  

One possible explana>on for the nega>ve impact of immediate feedback is a disrupted flow 

experience. Flow is an experience in which a person is completely immersed in a task 

(Csikszentmihalyi, 1975; Kang et al. 2022; Volante et al. 2018). The theory’s originator, 

Csikszentmihalyi (1990), relates flow with the “op>mal experience” as it is related to a strong feeling 

of excitement and enjoyment. Furthermore, Schüler (2007) and Engeser and Rheinberg (2008) found 

a posi>ve rela>onship between the flow experience and students’ performance. Conversely, research 

by Keller and Blomann (2008) and Keller and Bless (2008) revealed no rela>onship between flow and 

performance when par>cipants played computer games. In addi>on to contras>ng findings in exis>ng 

research, the effect of the flow experience on public speaking skills remains uninves>gated. 

The flow experience is characterized by nine components represen>ng experien>al states, 

according to Engeser et al. (2012). These components include “absorp>on”, “effortless control” and 
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“intrinsic reward” (Norsworthy et al., 2023). Thus, factors that might hinder the flow experience 

interfere with these core components during the execu>on of an ac>vity. For instance, the flow 

experience can be interrupted by self-awareness and performance evalua>on during the task 

(Csikszentmihalyi & Benneo, 1971). Hence, immediate feedback may hinder experien>al states of 

flow and affect performance, although this has yet to be inves>gated. 

In contrast to factors that might hinder flow, technologies inducing flow experiences have 

been researched, acknowledging Virtual Reality (VR) as a poten>al contributor (Triber> et al., 2021). 

Par>cularly, VR technology can offer opportuni>es for skill development and ac>on, it can reveal 

insights into behavior through personalized feedback, and the individual can maintain a sense of 

control while interac>ng with the tool (Gaggioli et al., 2003). Moreover, Kang et al. (2022) iden>fied 

flow as a media>ng factor between VR media characteris>cs and learning transfer, although their 

context differed, and their research did not address feedback >ming. In addi>on to being a poten>al 

contributor to flow, VR can be a useful tool for training individuals’ presenta>on skills (Kothgassner et 

al., 2012), allowing them to present for a diverse and large audience and receive detailed feedback 

(van Ginkel et al., 2019). The effec>veness of VR public speaking applica>ons requires ongoing 

evalua>on due to technological innova>ons (Poeschl, 2017). Furthermore, Narciss (2008) states that 

implemen>ng sufficient feedback strategies in technological learning environments remains difficult, 

and most providers fail as they rely on ins>nc>ve approaches rather than proven design principles. 

Moreover, van Ginkel et al. (2019) emphasize the need for comprehensive research into the 

effec>veness of feedback types in VR public speaking training. 

Consequently, the appropriate >ming of forma>ve feedback can be essen>al in improving 

public speaking skills. However, research comparing the effects of immediate and delayed feedback 

on public speaking skills remains scarce and reveals inconsistent findings. While delayed feedback 

appears to result in posi>ve performance outcomes, immediate feedback can posi>vely enhance 

performance but also act as a distrac>on for the speaker. One possible explana>on is that immediate 

feedback nega>vely influences the flow experience, which in turn affects performance. However, the 

rela>onship between immediate feedback, flow, and performance has not yet been explored. 

Therefore, this research inves>gates how immediate versus delayed feedback influences voice usage, 

while also assessing the media>ng role of flow experience in a VR public speaking tool. The focus on 

voice usage can be jus>fied as voice usage is a key component of public speaking competence 

(Mulder, 2014) and feedback on voice usage can be derived in VR as revealed by researchers (e.g., 

Belboukhaddaoui & van Ginkel, 2019; Chollet et al., 2022). This research contributes to iden>fying 

effec>ve or ineffec>ve forma>ve feedback strategies for improving voice usage in VR training and 

extends flow theory and research by evalua>ng its applica>on and impact in the context of public 

speaking.  
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TheoreHcal Framework  
 

FormaHve Feedback  

In public speaking training, forma>ve feedback is acknowledged as a poten>ally crucial factor 

in improving presenta>on skills, as shown by various research (e.g., De Grez & Leuven, 2009; Kerby & 

Romine, 2009; van Ginkel et al., 2015, 2017). Specifically, forma>ve feedback can affect the learning 

process of complex behavior, such as developing public speaking competence (De Grez et al., 2009; 

van Ginkel et al., 2017). Forma>ve feedback can be defined as informa>on provided to the learner 

aiming to change the behavior or thinking of a learner, improving learning, and, as a result, helping 

them to achieve a specific goal (Shute, 2008). The opposite, summa>ve feedback, seems to be 

concentrated on the final judgment of the learner’s performance (Mcalpine, 2004). For the current 

study, the focus is on task-level forma>ve feedback. According to Shute (2008), this includes 

par>cular and >mely feedback on the learner’s performance on a task instead of summarized 

feedback, including more general feedback provided to mul>ple learners. This decision can be 

jus>fied as feedback in public speaking training contexts, ohen involves specific and personalized 

feedback on the presenter’s performance (e.g., Belboukhaddaoui & van Ginkel, 2019; Chollet et al., 

2015, 2022; King et al., 2000; Tanveer et al., 2015; van Ginkel et al., 2017). 

The key goal of forma>ve feedback is to expand the learners’ skills, understanding, and 

knowledge within a certain context (Shute, 2008). Moreover, forma>ve feedback can have several 

benefits when used in public speaking. For instance, research by Kerby & Romine (2009) showed that 

presenters could beoer understand the strengths and weaknesses of their presenta>on and how they 

could improve it because of feedback. In addi>on, research by Tanveer et al. (2015) showed that 

feedback helped improve the presenter’s varia>on in speaking rate. Chollet et al. (2015) revealed that 

feedback could improve public speaking skills such as using pauses appropriately, intona>on, and 

gestures.  

In public speaking training, forma>ve feedback can be provided from different sources. To be 

specific, several researchers (e.g., De Grez et al., 2009b; Tsang, 2018; van Ginkel et al., 2017) describe 

that feedback derived in public speaking ohen involves self-assessment, teacher, or peer feedback. 

Van Ginkel et al. (2017) showed that feedback provided by peers or a teacher posi>vely impacted the 

presen>ng behavior and artudes of a learner. Conversely, the effect of self-assessment remained 

limited. Self-assessment may involve different approaches. For instance, the presenter could reflect 

on one’s performance by watching a recorded video and answering specific ques>ons (van Ginkel et 

al., 2017) or keeping a reflec>ve logbook to evaluate one’s performance (Tsang, 2018). Furthermore, 

new technologies expand the possibili>es of providing feedback through digital learning 

environments (Narciss, 2008), such as video reflec>on systems (Bower et al., 2011) and Virtual Reality 



 7 

(Belboukhaddaoui & van Ginkel, 2019; van Ginkel et al., 2019). According to Tsang (2018), sufficient 

feedback implementa>on is crucial to assist the individual in self-assessment. Yet, according to 

Narciss (2008), implemen>ng sufficient feedback strategies in technological learning environments is 

difficult, and most providers fail as they rely on ins>nc>ve approaches rather than proven design 

principles. 

 

Feedback Timing 

As men>oned, forma>ve feedback includes feedback that is delivered >mely and can be 

provided by different sources to improve performance. However, a dis>nc>on in >ming can be made 

between deriving feedback immediately or delayed. Immediate feedback is provided directly aher the 

learner has responded to a specific element during a task, and delayed feedback can be delivered in 

several minutes, hours, or an extended period aher the task is completed (Shute, 2008). Van Ginkel et 

al. (2015) developed design principles to support public speaking competence, emphasizing the 

importance of feedback and its appropriate >ming, whether provided immediately or delayed.  

Specifically, immediate feedback can affect performance by allowing the presenter to learn and adapt 

repeatedly during the presenta>on (King et al., 2000). While presen>ng, the speaker ohen 

concentrates more on their intended message, paying less aoen>on to managing unconscious 

aspects of their communica>on, such as eye contact and vocal pace. Thus, immediate feedback can 

nudge the speaker, aiming at improving these presenta>on delivery aspects (King et al., 2000). 

Addi>onally, immediate feedback can correct certain behaviors early, which can result in efficient 

reten>on of the desired behavior (Phye & Bender, 1989). 

 Delayed feedback benefits the learner by allowing them to prac>ce for the next performance 

based on the sugges>ons, which can support long-term memory reten>on (King et al., 2000; Narciss, 

2008). Several researchers named this the “delayed reten>on effect” (e.g., Phye & Andre, 1989; 

Schroth & Lund, 1993). Regarding this effect, Schroth and Lund (1993) showed that feedback with a 

shorter delay had less memory reten>on effect compared to feedback with a longer delay. This could 

happen because when a person receives feedback immediately and close to task execu>on, their 

memory of the wrong response could hinder developing and memorizing new accurate responses 

(Kulik & Kulik, 1988). In addi>on to its benefits, delayed feedback does not interrupt the learning 

process on how to respond correctly, which immediate feedback might do, but rather reduces the 

frequency of errors over >me (King et al., 2000).  

While the >ming of feedback seems to play a crucial role in developing public speaking 

competence, research (e.g., Delucenay et al., 2017; Dihoff et al., 2004; Metcalfe et al., 2009) revealed 

inconsistent findings on the effect of delayed versus immediate feedback on performance. According 

to Shute (2008), delayed feedback mostly results in posi>ve learning effects, while immediate 
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feedback can posi>vely and nega>vely impact learning. For instance, a learner might rely on 

immediate feedback in other situa>ons when it is unavailable, and therefore, a decrease in mindful 

behavior can occur. Furthermore, for problem-solving ac>vi>es, Corno and Snow (1986, as cited in 

Shute, 2008) showed that immediate feedback can be interrup>ve for a learner, which can nega>vely 

influence the learning process. Even though public speaking might not directly involve problem-

solving, it does involve mul>ple cogni>ve, behavioral, and affec>ve processes, according to Blunck 

(1997), Bower et al. (2011), and Morreale et al. (1993). Thus, the nega>ve effect of immediate 

feedback could be present in public speaking. Moreover, research by Chollet et al. (2015) revealed 

that immediate feedback distracted presenters and suggested further inves>ga>on into the effects of 

immediate feedback. In addi>on, a more recent study by Belboukhaddaoui and van Ginkel (2019) 

recommended follow-up studies on the effect of immediate feedback on public speaking 

performance, including researching the impact of delayed feedback.   

In sum, forma>ve feedback seems crucial for improving public speaking skills such as 

gestures, speaking rate, inser>ng pauses, and intona>on. Choosing the appropriate >ming for 

deriving feedback, either immediate or delayed, could impact public speaking skills; however, studies 

revealed contradictory results on the effect of immediate feedback. Immediate feedback may have a 

nega>ve impact on performance due to its disrup>ve nature. Specifically, it could interrupt the 

experience of flow which could be crucial in op>mal performance.     

The Experience of Flow 

Csikszentmihalyi (1975) defined flow as “the holis>c sensa>on present when we act with total 

involvement” (p. 43). Building on this, more recent studies such as Kang et al. (2022) and Volante et 

al. (2018) conceptualized the flow experience as complete immersion in a task, acknowledging 

Csikszentmihalyi, as the theory’s originator. Csikszentmihalyi’s ini>al work (Csikszentmihalyi & 

Benneo, 1971) primarily associated flow with playful experiences, such as games. However, in his 

later publica>ons (e.g., Csikszentmihalyi, 1990; Moneta & Csikszentmihalyi, 1996) the role of flow in 

the learning context was also emphasized. Even though Csikszentmihalyi conceptualized flow more 

than 40 years ago, there seems to be a general agreement on the defini>on of flow and its core 

components (Engeser et al., 2012). Flow, as conceptualized by Csikszentmihalyi (1975), includes six 

components that describe subjec>ve experien>al states. These components form the flow experience 

and are summarized in the following paragraph.   

Star>ng with the component “merging of ac>on and awareness” defined as a state where the 

individual is conscious of their ac>ons but not the underlying awareness of those ac>ons. Secondly, 

the “centering of aoen>on” involves the individual being highly concentrated on the task. 

Accordingly, distrac>ng s>muli should be avoided to ensure that someone is focused on their task to 
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achieve the main goal. “Loss of self-consciousness” means that the individual is not aware of the 

success rate of their performance nor having self-reflec>ve thoughts. Consequently, flow seems to be 

disrupted by self-awareness and performance evalua>on during the task. In addi>on, when the 

individual feels one can handle the demands within the environment and one’s ac>ons, “the feeling 

of control” arises. “Coherent and non-contradictory demands” involves clear goals and unambiguous 

feedback, meaning that the individual can iden>fy when the ac>vity is executed successfully and 

understands the structure of a task. Lastly, “autotelic nature” relates to the experience being 

intrinsically rewarding, meaning that the individual is sa>sfied by the experience itself. Thus, the 

individual does not rely on external mo>va>onal factors, such as rewards or goals. 

In addi>on to the original components two other components were later introduced: 

“distor>on of temporal experience of >me” and “challenge-skill balance” (Engeser et al., 2012). 

Specifically, when experiencing flow, an individual is completely involved in the ac>vity and can forget 

the >me or get a distorted sense of >me (Csikszentmihalyi, 1990, 1996) this refers to the “distor>on 

of temporal experience of >me”. Several researchers (e.g., Pearce et al., 2005; Volante et al., 2018) 

reported a “distorted sense of >me” as a key dimension of the flow experience in their studies. 

Further, the role of the balance between the challenges of the environment and skills of the 

individual is noted in research (e.g., Csikszentmihalyi, 1996; Moneta & Csikszentmihalyi, 1996; 

Schüler, 2007). For instance, Schüler (2007) found that par>cipants experienced a stronger flow if the 

difficulty of a task was balanced with the par>cipant's skills. An imbalance of this aspect can lead to 

anxiety and worry if the demands in the environment are too challenging to meet the skills of the 

individual (Moneta, 2021; Barthelmäs & Keller, 2020). Conversely, if the skills exceed the demands in 

the environment, it can lead to boredom. Besides two addi>onal components, later studies split the 

original component “coherent, non-contradictory demands” into two components, “clear goals” and 

“unambiguous feedback” according to Engeser et al. (2012). As a result, the flow experience is 

understood to consist of nine fundamental components.  

While researchers agree on the global defini>on of flow, it seems more difficult to decide 

upon the measurement instrument for flow (Moneta, 2021; Engeser et al., 2012). For instance, 

research reveals inconsistencies in defining the essen>al components for measuring the flow 

experience (Norsworthy et al., 2023). Work by Engeser et al. (2012) and Heuoe et al. (2021) discussed 

inconsistencies and cri>ques of the nine-component model’s construct validity, Swann et al. (2018) 

revealed conflicts with alterna>ve psychological theories, and Peifer and Tan (2021) and Norsworthy 

et al. (2021) explored how studies differ in selec>ng measurement methods for flow. Furthermore, 

researchers such as Barthelmäs and Keller (2020) and Norsworthy et al. (2023) argued that certain 

components, such as a perceived fit of skills and demands, func>on not as a component but as a pre-

condi>on of flow. Addi>onally, based on a thorough review of 230 flow-related research by 
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Norsworthy et al. (2021), only half of the nine components might be recognized by learners in 

educa>onal contexts. The review revealed that flow researchers across different domains and 

contexts commonly conceptualize three core components (absorp>on, effortless control, and intrinsic 

reward) that specify the flow experience, and other original dimensions ohen func>on as 

antecedents of flow or outcome themes. Moreover, exis>ng flow measurement instruments mostly 

assess none, a few, or one of the core components of the flow experience (Norsworthy et al., 2021). 

Therefore, Norsworthy et al. (2023) recently developed and tested an instrument that seems to 

capture these core experien>al states. Consequently, although the original nine components are 

fundamental to understand the flow theory, the current study focuses on measuring the three core 

components using the instrument of Norsworthy et al. (2023) to capture the essence of flow and 

reduce the risk of poten>al construct validity concerns. As discussed, these components are 

absorp>on, effortless control, and intrinsic reward. “Absorp>on” refers to a state in which awareness 

and ac>on merge, characterized by high focus and aoen>on on the task. “Effortless control” can be 

defined as the feeling of control and a sense of fluidity in one’s ac>on, and “intrinsic reward” involves 

experiencing high levels of posi>ve emo>ons, such as enjoyment, during flow.  

As men>oned, forma>ve feedback is crucial to improve public speaking competence; 

however, experiencing flow can also lead to posi>ve performance outcomes. Csikszentmihalyi (1990) 

relates the state of flow with the “op>mal experience,” as the flow experience is connected to a 

strong feeling of excitement and enjoyment. Mul>ple studies revealed the posi>ve impact of flow on 

the individual. In par>cular, the study of Schüler (2007), revealed a posi>ve effect of flow on 

performance. Specifically, their research showed a posi>ve rela>onship between students 

experiencing flow during learning ac>vi>es and their final grades. Addi>onally, the study of Engeser 

and Rheinberg (2008) found a posi>ve rela>onship between par>cipants experiencing flow during 

exam prepara>on and performance at the semester’s end. Conversely, research such as Keller and 

Blomann (2008) and Keller and Bless (2008) found no effect of flow on performance when 

par>cipants played specific computer games. Moreover, a poten>al rela>onship between flow and 

performance might only exist if the individual perceives the ac>vity as important (Engeser and 

Rheinberg, 2008). Specifically, Engeser and Rheinberg (2008) found that in tasks with no crucial 

consequences and low perceived importance, a balance between skills and challenges can lead to 

flow. Conversely, when the stakes are high, flow is more likely to occur if the skills exceed the 

challenges. As a result, a higher level of skills and, thus, exper>se can lead to beoer performance 

(Engeser and Rheinberg, 2008). Addi>onally, as far as current research indicates, the effect of flow on 

public speaking skills remains uninves>gated. 

In sum, the flow experience can happen when an individual becomes completely immersed in 

an ac>vity. While this experience could poten>ally occur during public speaking, it has yet to be 
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inves>gated, and the effect of flow on public speaking skills remains unexplored. Besides the crucial 

role of forma>ve feedback, experiencing flow might also contribute to performance. Conversely, 

factors that might hinder flow may include factors that interferes with the core components 

(experien>al states) during the execu>on of a task. As previously men>oned, immediate feedback 

could nega>vely impact public speaking training, poten>ally hindering flow and, consequently, 

impac>ng performance.  

In contrast to factors that might hinder flow, technologies inducing flow experiences have 

been researched, acknowledging Virtual Reality (VR) as a poten>al contributor (Triber> et al., 2021). 

According to Gaggioli et al. (2003), this can be explained by the characteris>cs of VR that might 

s>mulate flow. For instance, VR can offer opportuni>es for skill development and ac>on, reveal 

insights on behavior through personalized feedback, and the individual can maintain a sense of 

control while interac>ng with the tool. On top of that, research (e.g., Belboukhaddaoui & van Ginkel, 

2019; Chollet et al., 2022; Poeschl, 2017; Siddiqui et al., 2023; van Ginkel et al., 2019) showed that VR 

can be a prac>cal tool for the individual to prac>ce public speaking skills.  

Virtual Reality (VR) training  

Virtual Reality (VR) is an experience in which a person is totally immersed in a virtual 

environment through projected displays or using head-mounted devices (Feng et al., 2018; Oyelere et 

al., 2020).  It operates by s>mula>ng mul>ple senses such as vision, sound, and touch, thus crea>ng 

an illusion of being present in the virtual world (Mandal, 2013; Oyelere et al., 2020). VR finds 

applica>on across various domains such as gaming (e.g., Shafer et al., 2019), tourism (e.g., Tussyadiah 

et al., 2018), military (e.g., Lele, 2013), educa>on (e.g., Schöne et al., 2019), and skills training, 

including in the public speaking context (e.g., Poeschl, 2017). This study explores VR’s applica>on in 

training presenta>on skills through head-mounted displays, as inves>gated by several researchers 

such as Palmas et al. (2019) and van Ginkel et al. (2019).  

As men>oned, Virtual Reality (VR) can be beneficial in training public speaking skills, enabling 

the individual to prac>ce in front of a diverse and large virtual audience (Poeschl, 2017). Studies, such 

as those by Slater et al. (2006), indicate that the reac>on of a user to a virtual audience can be similar 

to their responses in real-life serngs, affirming VR as an effec>ve training tool. Another benefit is 

that VR offers a safe learning environment, which can be relevant for someone who is not secure 

about doing the task in real life (Xie et al., 2021). For instance, VR allows users to train comfortably at 

home (Xie et al., 2021) and provides a safe environment where mistakes have reduced consequences 

compared to making these mistakes in real life (Poeschl, 2017). Moreover, technological 

advancements have transformed VR public speaking training by introducing immediate and delayed 

feedback func>onali>es that might help presenters enhance their performance (van Ginkel et al., 
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2019). However, it is not yet certain whether there is a dis>nc>on in effec>veness between delivering 

feedback messages immediately or aher the performance in VR (Belboukhaddaoui & van Ginkel, 

2019). 

There seem to be two types of immediate feedback in VR public speaking training. One type 

involves interac>ve virtual audiences that implicitly respond in real->me to a speaker’s presenta>on 

(e.g., Chollet et al., 2015; Chollet et al., 2022), while the other seems to involve the delivery of explicit 

messages on behavior such as facial expressions or use of the voice, as explored by Tanveer et al. 

(2015) and Belboukhaddaoui & van Ginkel (2019). This study focuses on explicit, immediate feedback, 

addressing challenges such as the poten>al for such feedback to be distrac>ng, as noted by Chollet et 

al. (2015) and Tanveer et al. (2015). Immediate feedback can be derived through technology 

measuring the par>cipant performances by analyzing facial expressions and speech paoerns, as 

shown in the research of Tanveer et al. (2015). Research on the effects of immediate feedback within 

VR public speaking training remains limited.  

Delayed feedback can be delivered in mul>ple ways. In the study of van Ginkel et al. (2019) 

delayed feedback was provided aher the performance in a VR public speaking environment, based on 

a report on the speakers’ performance, explained by an expert. Similarly, delayed feedback can be 

provided through a personalized aher-ac>on report, including tailored advice and graphs depic>ng 

eye contact and facial expressions (Chollet et al., 2022). Belboukhaddaoui and van Ginkel (2019) 

provided delayed feedback to the presenter on eye contact and voice use aher their presenta>on in 

the form of a feedback message within the VR environment. Thus, it appears that in VR public 

speaking training contexts, delayed feedback, whether in report or message form, is provided aher a 

presenta>on on the speaker’s performance. The advantages of delayed feedback are notable. For 

example, van Ginkel et al. (2019) revealed that delayed feedback in VR improved crucial behavioral, 

cogni>ve, and artude aspects of public speaking. In addi>on, Chollet et al. (2022) found that, despite 

limited training dura>on, a personalized aher-ac>on report could significantly improve speakers’ eye 

contact and facial expressions compared to implicit real->me feedback from a virtual audience.  

As previously stated, VR might also contribute to s>mula>ng the flow experience and, thus, 

performance. However, the connec>on between flow and performance within a VR public speaking 

training context appears uninves>gated. In serious game VR studies, such as those by Volante et al. 

(2018) and Bodzin et al. (2020), the effect of flow has been researched, including how flow can result 

in a disrupted percep>on of >me. Further, Kang et al. (2022) explored flow’s media>ng role between 

VR media characteris>cs and learning transfer in semiconductor processes and facility training. Their 

findings supported flow as a media>ng factor, advoca>ng the support of flow in VR applica>ons for 

knowledge and skills improvement. Nevertheless, VR media characteris>cs do not include immediate 
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feedback and the context differs. Therefore, it is s>ll unknown whether the flow experience has a 

crucial role in improving public speaking skills within a VR public speaking training context. 

In brief, VR public speaking training can support the individual to improve public speaking 

skills. Specifically, forma>ve feedback, derived immediately or delayed, can be provided to the 

presenter in VR public speaking training, offering detailed insights into the speaker’s performance. 

Moreover, VR could be a poten>al factor in simula>ng the experience of flow and, thus, performance. 

As men>oned, voice usage is a common public speaking skill that can benefit from feedback in VR 

public speaking training. Training presenta>on skills, including voice usage, is considered important, 

as it is a key component of communica>on competence (Mulder, 2014). Furthermore, possessing 

public speaking skills can be beneficial in numerous contexts, ranging from professional to personal 

serngs (Chollet et al., 2022; Tsang, 2017). In the next paragraph the public speaking skill voice usage 

is explored further. 

Voice Usage 

Public speaking skills are beneficial for young professionals and are commonly used and 

needed in the workplace or for job interviews (Tsang, 2017). Effec>vely speaking in public requires an 

individual to possess several verbal and non-verbal abili>es, such as serng a clear goal for the 

presenta>on, employing effec>ve transi>ons, selec>ng words carefully, using different speaking rates, 

pitch, and intensity, and showing nonverbal behavior that reinforces the spoken explana>ons 

(Na>onal Communica>on Associa>on, 1998; Bower et al., 2011). Not all abili>es can be addressed in 

this study. Therefore, this study inves>gates “voice usage” during VR public speaking training. This 

focus can be jus>fied as exis>ng research demonstrates that voice usage in VR environments can be 

measured, and feedback can be given (van Ginkel et al., 2019). Addi>onally, research (e.g., Chollet et 

al., 2015, 2022; Tanveer et al., 2015) showed that immediate and delayed feedback could both 

impact voice use aspects. Moreover, voice usage seems to cover different aspects, including 

intona>on, ar>cula>on, speaking rate, volume, pauses, and filler words as revealed by van Ginkel et 

al. (2019), making it a suitably complex and measurable competence for this study. Each aspect of 

voice usage will be explained below. 

According to the literature, “intona>on” is part of the “prosodic” elements of a speech 

(House, 2006; De Baer & Feryn, 2020), in which >ming, the quality of a voice, and rhythm are 

beneficial (House, 2006). Intona>on, a prosodic element, can be defined as movements or varia>ons 

of voice tones (Cho & Dewaele, 2021; De Baer & Feryn, 2020). This includes the tone or pitch level of 

the voice going up and down (inflec>ons) and the placement of these varia>ons. Moreover, the 

placement of the pitch’s varia>on is important as it helps a speaker to structure certain informa>on 

for the listener and clarifies whether the speaker is asking a ques>on or emphasizing informa>on 
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(Elbert & Dijkstra, 2014; House, 2006). For instance, in the sentence, ‘skincare can cause serious skin 

damage’ (‘can’ is emphasized by a higher tone level compared to the other words), the high 

possibility of the damage is emphasized. Further, the intona>on in a sentence rises if the speaker 

wants to ask a ques>on (De Baer & Feryn, 2020). Specific intona>on used by the speaker will define if 

the listener can interpret the intended message, therefore, (poor) intona>on can determine the 

success rate of the communica>on (House, 2006). Besides clarifying the intended message, 

fluctua>ons in pitch can also express the posi>ve or nega>ve emo>on behind the speech (Cho & 

Dewaele, 2021). For instance, research by Weger et al. (2007) showed that posi>ve emo>onal 

speeches tend to include more frequent and upward inflec>ons, while nega>ve emo>onal speeches 

tend to be related to less frequent inflec>ons and more downward inflec>ons. Concretely, these 

insights shed light on the importance of using intona>on deliberately during public speaking. 

In addi>on to intona>on, “ar>cula>on” is another crucial element of voice usage skill. It 

seems that ar>cula>on refers to words being clearly and understandably spoken, which, according to 

Si Na et al. (2020) contributes to the ability to communicate and share ideas effec>vely every day. 

Studies on public speaking (e.g., Nishimura & Hashida, 2018; Si Na et al., 2020; Siddiqui et al., 2023) 

indicate that when words are spoken understandable, this aspect is defined as “pronuncia>on”.  

Opening the mouth correctly during speaking can contribute to speech delivery, such as 

pronuncia>on, as well as nonverbal delivery (Nishimura & Hashida, 2018). For instance, if a recipient 

cannot hear what a speaker says, they can guess the words by observing the mouth shape of the 

presenter. Levelt (1989) wrote an overarching book on ar>cula>on research to provide a theore>cal 

framework for this voice aspect and the mental informa>on processes connected to it. According to 

the author “ar>cula>on flows automa>cally, at a rate of about fiheen speech sounds per second, 

while we are aoending only to the ideas we want to get across to our interlocutors” (P. 13). It is 

execu>ng the “phone>c plan” by using specific muscles within the neck and mouth. Concrete, the 

phone>c plan includes a mental plan of how the words should be spoken before ar>cula>ng them.  

Another element of voice usage includes “speaking rate”. Guyer et al. (2021) and Montes et 

al. (2019) refer to speaking rate as the words used per minute. According to Montes et al. (2019) and 

Toastmasters Interna>onal (2011), an effec>ve speaking rate in English includes approximately 120 to 

160 words per minute. Research on speaking rates reveals that a varia>on of low or high speaking 

rates can contribute to the persuasion of the presenter. Jiang and Pell (2014), (2017) and Scherer and 

Wolf (1973) found that presenters who talk confidently increase their speaking rate, while 

unconfident or doubwul presenters have a lower speaking rate. Yet, a high speaking rate could result 

in recipients being unable to process the intended message, decreasing the perceived confidence of 

the presenter and the presenta>on’s quality (Guyer & Fabrigar, 2017; Moore et al., 1986). 

Furthermore, an extremely high speaking rate can weaken the quality of a strong argument but can 
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strengthen a weak argument, as revealed by Guyer and Fabrigar (2017). Consequently, when 

intending to make a strong statement, a lower speaking rate might increase the quality and impact of 

the argument. 

Using intelligible “volume” during a speech is another aspect of voice usage. Volume is a 

cri>cal element of a speech, as the speaker can make themselves clear and understandable (Okrasa 

et al., 2022). Furthermore, Okrasa et al. (2022), realized thresholds to categorize volume levels as 

“quiet”, “moderately quiet”, “acceptable”, “moderately loud”, and “too loud”. Knowlton and Larkin 

(2006) found that “acceptable” loudness is a precondi>on for recipients to take advantage of other 

voice usage aspects, such as intona>on. In addi>on, research (Jiang & Pell, 2017; Kimble & Seidel, 

1991; Scherer & Wolf, 1973; Van Zant & Berger, 2020) revealed that confident presenters talk with 

louder volumes compared to unconfident presenters. For instance, Jiang and Pell (2017) inves>gated 

how speakers use their voices and how these were perceived by recipients. The study revealed that 

speakers assigned to perform a confident speech spoke louder, and recipients assessed them as more 

confident aherward. 

The final voice usage element addressed in this study is the correct use of silent “pauses”. A 

dis>nc>on can be made between long and short pauses. Long pauses should be inserted at the 

paragraph’s ending or when a speaker changes the topic (Sokoreva & Shevchenko, 2022), and short 

pauses happen at the end of an uoerance (Wennerstrom & Siegel, 2003). Aher making a key 

statement, a longer pause can also be used to leave a stronger impression on the audience, a 

technique frequently employed by representa>ves and public speakers according to Sokoreva and 

Shevchenko (2022). An audience can acknowledge a presenter as reliable, potent, and entertaining 

through eye contact and gestures, as well as by inser>ng silent pauses (Montes et al., 2019). 

Moreover, pausing is crucial to breath and plan what to say next (Sokoreva & Shevchenko, 2022). 

Besides unfilled pauses, they can also be filled with words such as “like”, “um” or “uh”, which can 

distract and annoy recipients (Rhodes & Frandsen, 1975). Laske and DiGennaro Reed (2024) and 

Montes et al. (2019) refer to filler words as a “speech disfluency”, and, therefore, should be avoided. 

According to Laske & DiGennaro Reed (2024) fillers include two categories “filler words” such as “you 

know” “like” and “so” and secondly “filler sounds” such “um” and “ah”. Fillers are mostly used when 

the speaker is unable to speak the intended words within a speech, indica>ng the speaker is 

searching for words on what to say next (Clark & Fox Tree, 2002).  
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Research QuesHons 

Forma>ve feedback is crucial for improving complex behavior, such as public speaking 

competence. However, integra>ng sufficient feedback strategies in innova>ve technologies such as 

VR, seems to be a difficult task. A cri>cal decision lies in whether forma>ve feedback is derived 

immediately, delayed, or both; however, whether >ming yields consistent outcomes on performance 

remains ques>onable and requires further inves>ga>on. Immediate feedback could have a nega>ve 

effect on the speaker. Nevertheless, explana>ons for this nega>ve effect do not seem to exceed the 

defini>on of “distrac>on”. 

A possible explana>on for immediate feedback not being as effec>ve as delayed feedback 

could be due to a disrup>ve experience of flow. While Kang et al. (2022) found a media>ng effect of 

flow on learning transfer, Csikszentmihalyi (1990) Schüler (2007) Engeser and Rheinberg (2008) claim 

that flow posi>vely affects performance, and Triber> et al. (2021) discuss that VR contributes to the 

experience of flow, evidence of the effect of flow on public speaking skills in VR training remains 

limited. 

Understanding the effect of immediate versus delayed feedback on flow and voice usage is 

scien>fically relevant, as it can contribute to iden>fying effec>ve or ineffec>ve strategies for 

improving public speaking skills with emerging technologies and extends flow research by evalua>ng 

its applica>on in VR training environments in the context of public speaking. Hence, this study 

inves>gates the rela>onship between the >ming of feedback, the experience of flow, and voice usage.  

Based on the theore>cal framework, the research ques>ons of this study are: 

 

1. “How does immediate feedback, compared to delayed feedback, during Virtual Reality (VR) 

public speaking training influence voice usage among young professionals?” 

2. “How does immediate, compared to delayed feedback, during Virtual Reality (VR) public 

speaking training influence the flow experience? “ 

3. “How does the flow experience influence voice usage during Virtual Reality (VR) public 

speaking training, and to what extent does it mediate the effect between immediate 

feedback and voice usage?” 

A summary of the expected findings is depicted in figure 1. 
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Figure 1 

Expected findings between :ming of feedback, flow, and voice usage. 

 
 

Stemming from previous research and theory, the following hypotheses are formulated: 

H1. Immediate feedback has a weaker posi>ve effect on voice usage within VR public speaking 

training compared to delayed feedback. 

H2.  Immediate feedback nega>vely affects the flow experience of the speaker within VR public 

speaking training compared to delayed feedback. 

H3. The flow experience posi>vely affects the public speaking skill voice usage. 
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Method 

Research design 

In this research, it is inves>gated if immediate versus delayed feedback (independent variables) 

affects voice usage (dependent variable) of young professionals within VR, and if flow experience is a 

media>ng factor between immediate feedback and voice usage. This study employed quan>ta>ve 

research, a quasi-experimental repeated measures design where the dependent variable (voice 

usage) and the media>ng factor (flow) were measured at three moments in >me within two dis>nct 

condi>ons. Par>cipants were randomly assigned to one of the experien>al condi>ons. In one 

condi>on, par>cipants received immediate feedback during the second presenta>on, therefore, this 

condi>on is referred to as the “immediate feedback condi>on”. Par>cipants of the other condi>on 

received delayed feedback aher the second presenta>on and will be referred to as the “delayed 

feedback condi>on”. To inves>gate if the flow experience can mediate the rela>onship between 

immediate feedback and voice usage, aher each presenta>on, the par>cipants of both condi>ons 

filled in a ques>onnaire. The dependent variable voice usage was measured using a voice usage 

rubric.  

ParHcipants 

A convenience sampling method was adopted to recruit par>cipants for the experiments. The 

sample was obtained through an invita>on post on LinkedIn and e-mailing trainee groups within the 

organiza>on the researcher works for. Within this global avia>on organiza>on of approximately 

25,000 employees, the trainees are mostly highly qualified young professionals who focus on 

development and reflec>on as they work toward finding a firng posi>on within the organiza>on. 

Addi>onally, the trainees fulfill temporary roles in different departments >ll the traineeship’s ending. 

Par>cipants signed up voluntarily by contac>ng the researcher through the invita>on. They had 

to be between 20 and 35 years old and required to give presenta>ons regularly within their jobs or in 

their future careers to fit the criteria of the sample. The final sample of this research consisted of 

Dutch and English-speaking young professionals (n=42). Of 42 par>cipants, 22 were randomly 

assigned to the immediate feedback condi>on and 20 to the delayed feedback condi>on.  

Procedure 

The data collec>on started aher approval from the Ethics Commioee of the Faculty of 

Behavioral, Management and Social Sciences of the University of Twente on 2024-03-13. The 

corresponding review number is 240097. Par>cipants were scheduled for the experiments via email. 

Hereaher, prepara>on instruc>ons were sent, including the instruc>on to prepare a three-minute 

presenta>on with slides. Before the experiment, the slides of the par>cipants were configured into 

Ova>ons’ environment, and the room was set up with VR equipment (hardware and sohware), an 
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iPad for the par>cipants to complete the PFS ques>onnaire, and a laptop to record the session and 

stream the Ova>on content. 

In both condi>ons, the experiment lasted 30 to 45 minutes depending on the technology and 

involved the researcher and one par>cipant. Before the experiment started, par>cipants completed 

an ac>ve online consent form, indica>ng their willingness to par>cipate in this research. The 

experiment proceeded only aher par>cipants gave their consent by signing the form. Par>cipants 

were informed that they could withdraw from the study at any >me without providing a reason. Aher 

this, par>cipants received instruc>ons on how to use the hardware, to navigate within Ova>on, and 

on the experimental set-up: par>cipants had to deliver the same three three-minute presenta>ons to 

a virtual audience in Ova>on that they had prepared in advance. It was explained that the researcher 

would stop their speech aher three minutes, regardless of whether it was finished. The researcher 

also stopped the presenta>on if the par>cipant was finished before three minutes. Aher the 

instruc>ons, the par>cipant put on the head-mounted display and held the controllers, see Figure 2 

for an illustra>on of the procedure. Once the par>cipant indicated their readiness to begin, they 

clicked on “start speech”. Aher a par>cipant clicked on “start speech” during each phase in the 

experiment, the researcher set a >mer and started the recording simultaneously. Hereaher, the data 

collec>on unfolded as follows: 

The ini>al presenta>on served as a baseline measurement for both condi>ons. Aher three 

minutes the researcher instructed par>cipants to remove the head-mounted display and complete 

the PFS ques>onnaire. Aher this, par>cipants of the immediate feedback condi>on received 

addi>onal instruc>ons before they started their second presenta>on. Specifically, par>cipants were 

informed that they would receive immediate feedback in the form of messages based on their 

performance during their second presenta>on. They were instructed to focus on feedback on voice 

usage and adapt it to improve their performance. If par>cipants of both condi>ons indicated their 

readiness to perform the second presenta>on, they again put on the head-mounted display, held the 

controllers, and clicked on “start speech”.  

During the second presenta>on, the treatment was introduced for the immediate feedback 

condi>on. Specifically, immediate feedback was presented during the presenta>on followed by 

removing the head-mounted display and comple>ng the PFS ques>onnaire. Hereaher, the par>cipant 

put on the head-mounted display held the controllers, and clicked on “start speech” to perform the 

third presenta>on.  

The delayed feedback condi>on maintained the ini>al setup and completed the PFS 

ques>onnaire aher performing their second presenta>on. At the same >me, the researcher set up 

Ova>ons’ analy>cs report, which displayed the results of the par>cipants’ performance of their 

second presenta>on. Aher comple>ng the ques>onnaire, the par>cipant put on the head-mounted 
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display, held the controllers, and interacted with the analy>cs report. The researcher navigated the 

par>cipant through the analy>cs report and emphasized feedback regarding voice usage. Before 

par>cipants of the delayed feedback condi>on started their third presenta>on, the researcher 

instructed the par>cipant to adapt voice usage feedback during their third presenta>on. Aherward, 

the par>cipant clicked on “start speech” to perform the third presenta>on. The third presenta>on did 

not include treatments, and aherward, par>cipants in both condi>ons removed the head-mounted 

display and completed the flow ques>onnaire for the final >me. 

To assess the voice usage of par>cipants, the researcher checked the recordings and evaluated 

each presenta>on using the voice usage rubric. To test for interrater reliability, three randomly 

selected experiments were evaluated by an addi>onal researcher. 

 

Figure 2:  

Procedure 

 

InstrumentaHon 

 
VR hardware and soPware 

The Meta Quest 3 served as the VR hardware of this study. The hardware included a head-

mounted display and a pair of controllers. The VR sohware “Ova>on” was used, which enabled the 

par>cipants to present in a virtual environment to an audience, seamlessly integrated into display 

projec>on. Ova>on provides different serngs in which a user can present, and the audience can be 

customized, for instance, as a big or small audience or a rudely behaving audience. It is an English-
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based sohware, meaning that the user interface is only available in English; however, it does support 

21 languages during a presenta>on. The Dutch language is not supported, which required the Dutch 

par>cipants in this study to interact with an English interface and features. For this study, a formal 

small conference room was chosen, featuring a diverse and casually dressed virtual audience of 

approximately 30 people who behaved politely. This serng might come close to serngs that the 

par>cipants were used to as they were required to stand in front of the audience and could also use 

their slides, which were visible both in front of and behind them (see Figure 3).  

 

Figure 3: 

SeCng of the Formal Small Conference Room with Audience  

         
Note.  The images show the perspec>ve of a par>cipant within Ova>on. On the leh image, the slides 

of the par>cipant are displayed in the black box. In the right image, the slides are displayed on the 

beamer behind the par>cipant. 

 

Immediate Feedback 

To conduct this research, immediate feedback is a requirement to inves>gate the impact on 

the flow experience and voice usage. Therefore, Ova>on was configured to provide immediate 

feedback in English on “voice”. For this category, the system generated immediate feedback on four 

categories: monotony, speaking rate, pauses, and filler words. An immediate feedback message was 

displayed to a par>cipant when they reached an underperforming threshold according to the 

sohware’s algorithms. Figure 4 shows an example of immediate feedback messages. For each 

category, the message features a warning text, an icon, and a red frame emphasizing the alert. The 

warning text and >ming for displaying an immediate feedback message differ by category. More 

specifically, for the “speaking rate” category, the text “Speaking too slow. Speed up.” was displayed 

when a par>cipant paused too ohen or had a low speaking rate during their speech. For the “pauses” 

category, the text warning “Remember to Pause” appeared when a par>cipant infrequently paused 

during their presenta>on. “More pitch varia>on” was displayed during the speech when the 

par>cipant frequently spoke monotonously, thus using less pitch varia>on (intona>on). Further, if the 

par>cipant used the filler words “um”, “uh” or “yeah” they received a warning. For instance, if a 
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par>cipant said “um” once during their speech, the warning text included “Filler: um (1)”, indica>ng 

the filler word and the number of >mes it was used. If a par>cipant used the Dutch filler word “ja” 

(meaning “yes” in English) once, it showed the warning “Filler: Yeah (1)” and, thus, was included in 

the immediate feedback. 

 

Figure 4: 

Immediate Feedback on Voice Usage Displayed in Text Messages 

 
Note. The image shows the perspec>ve of a par>cipant within Ova>on. The message above shows 

what filler word is used and how many >mes, the message below includes a warning regarding the 

speaking rate. 

 

Delayed Feedback 

The delayed feedback condi>on received delayed feedback in Ova>on for the same category 

as the immediate feedback condi>on, namely, “voice”. Delayed feedback was derived as the system 

analyzed speech paoerns and generated an analy>cs report aherward. First, this report presented an 

overall summary, including the average performance grade in percentage and detailed informa>on on 

each category (see Figure 5). Each subcategory included a total score expressed in percentages. 

Within the report, percentages are mostly framed by a pie chart of color indica>ng the sufficiency of 

the performance. For instance, if a par>cipant’s score fell between 100 and 50 percent for a certain 

category, the pie chart was colored green. If a par>cipant’s score fell between 0 and 50 percent, the 

color changed to orange; close to 0 percent, it shihed to red. 
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Figure 5: 

Delayed Feedback in the Form of an Analy:cs Report 

 
Note. The image shows the perspec>ve of a par>cipant within Ova>on. 

 

Detailed feedback on “voice” included the same subcategories as the immediate feedback 

condi>on. Two graphs were displayed for the subcategory “speaking rate”. The “average words per 

minute” graph displayed the average words used per minute in numbers, plooed against an x-axis 

where the leh side indicated a “slow” and the right side “fast” speaking rate (see Figure 6). The 

“words per minute over >me” graph, displayed >me in minutes on the x-axis, and included the 

frequency of words used on the y-axis. 

 
Figure 6: 

Delayed Feedback for the Par:cipant on “Maintain a Comfortable Speaking Rate”  

 
Note. The image shows feedback on speaking rate from a par>cipant’s perspec>ve in Ova>on.   

 

The subcategory “filler words” included a table and a plot, as displayed in Figure 7. The table 

included the filler words “uh”, “um”, and “yeah” if they had been used, along with their frequency 

and the percentage they represented of all words used during the presenta>on. The plot showed the 
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frequency of filler words used per minute plooed on an x-axis where the leh side indicated low and 

the right side a high frequency of filler words used.  

 

Figure 7 
Delayed Feedback for the Par:cipant on “Avoid Filler Words”  

 
Note. The image shows feedback on Avoid Filler Words from a par>cipant’s perspec>ve in Ova>on.   

 

Feedback on subcategory “pauses” included two graphs (see Figure 8). “Pauses per minute” included 

the frequency of pauses inserted during the speech per minute plooed on an x-axis where the leh 

side indicated low and the right side a high frequency of inserted pauses. The “pause count” graph 

included a pie chart with color segments represen>ng the dura>on of pauses in seconds. The 

numbers within each segment showed the frequency of these inserted pauses. 

 The subcategory “monotony” included one graph displaying the average pitch varia>on of the 

par>cipant, plooed against an x-axis where the leh side indicated a “low” and the right side “high” 

pitch varia>on. 

Figure 8 

Delayed Feedback for the Par:cipant on “Use Pauses Regularly”  

  
Note. The image shows feedback on Use Pauses Regularly from a par>cipant’s perspec>ve in Ova>on.   
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Voice Usage Rubric 

To observe and assess the par>cipant’s voice use, an as-yet-unpublished voice use rubric 

developed by members of the research group of the BMS department of the University of Twente 

served as a guideline. The original rubric (Appendix B) is employed in similar studies (e.g., Amende, 

2024) to assess the voice usage of par>cipants presen>ng in Ova>on and is provided by the 

supervisor of this study Dr. B. J. Kollöffel. The rubric was tested on interrater reliability in the study of 

Amende (2024), showing a Cohen’s kappa coefficient of 0.83, indica>ng strong agreement. Some 

changes were made to the original rubric to adapt it for this study, for instance, some categories were 

leh out and guidelines for scoring with the rubric were added. Figure 9 illustrates a sample of the 

rubric used for this study, the complete version is available in Appendix A. Concretely, the instrument 

contains seven criteria, assessing five categories of voice usage: intona>on (criteria 1-2), ar>cula>on 

(criterion 3), speed (criteria 4-5), pauses (criteria 6), and filler words (criterion 7). Each criterion is 

rated with grades 1 to 10, where 1 is absent and 10 is excellent, thus making it an interval-level 

measurement. 

As men>oned above, changes were made to the original rubric. The category “volume” was 

excluded because presenta>ons were evaluated using video recordings, making it difficult to assess 

volume explicitly. The original category of “pauses” included two criteria, “inserted pauses” and 

“appropriate use of pauses” and were merged into one category, “appropriate use of inserted 

pauses”. The decision is based on the understanding, as found in the literature, that effec>ve voice 

usage is determined by the appropriate placement of pauses and not the frequency of pausing during 

a speech. Furthermore, each grade has been explained to provide comprehensive guidelines for 

scoring the categories. It is important to note that these explana>ons serve as a framework and may 

not encompass all the criteria within each category. During the evalua>on of presenta>ons, these 

explana>ons are intended as general guidelines rather than exhaus>ve descrip>ons. 

 

Figure 9 

Sample of Adjusted Voice Use Rubric 
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Psychological Flow Scale QuesHonnaire 

While previous research such as Kang (2022) and Volante (2018) measured flow using the 

flow experience scale constructed by Jackson and Marsh (1996), research by Norsworthy et al. (2023) 

emphasized troubles among measurement and conceptual aspects of these pre-exis>ng instruments. 

Therefore, they recently developed an instrument to assess the flow experience among different 

contexts, which was used for this study. This instrument, an open-access ques>onnaire, comprises 9 

items assessing three dimensions of flow: absorp>on (items 1-3), effortless control (items 4-6), and 

intrinsic reward (items 7-9). Each item is rated on a seven-point scale (1=strongly disagree, 7=strongly 

agree), an interval measurement level, allowing for the computa>on of the global flow score and 

subscale scores based on the average responses to the three items within each dimension. In the 

study by Norsworthy et al. (2023), reliability tes>ng for this instrument resulted in a Cronbach’s Alpha 

coefficient of 0.82, indica>ng acceptable reliability. Figure 10 illustrates a sample of the 

ques>onnaire. The complete version, including the Dutch-translated ques>onnaire, is available in 

Appendix C. 

 

 

 
Data Analysis 

Data analysis for this study was conducted using SPSS, version 29.0.2.0, and included 

anonymized quan>ta>ve data obtained from the voice use rubric and the PFS ques>onnaire. Data 

derived from these instruments were merged into a wide format. 

The voice use rubric was tested on interrater reliability by Cohen’s kappa, where .81 indicates 

perfect agreement, and below .60 indicates insufficient agreement (McHugh, 2012). To execute this 

test, an addi>onal assessor evaluated three randomly chosen experimental sessions. A Cohen’s kappa 

sta>s>c below the acceptable range meant that the scores needed to be revised to achieve higher 

reliability levels before resuming the sta>s>cal analysis. If the Kappa sta>s>c was above .60 the data 

Figure 10 
Sample Flow Ques:onnaire 
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collec>on could con>nue. Secondly, data derived from the PFS ques>onnaire was tested for reliability 

by conduc>ng a factor analysis and deriving Cronbach’s alpha coefficient (α). The results of the factor 

analysis were checked to determine if items were correlated to the respec>ve factor, exceeding the 

threshold of .32. This threshold was selected as it was used by Norsworthy et al. (2023), indica>ng 

poor factor loadings. Aherward, Cronbach’s alpha coefficient (α) of every factor was checked for the 

level of reliability. A coefficient between .7 and .9 indicated that the ques>onnaire was reliable (Gliem 

& Gliem, 2003). A repeated measures ANOVA was done to analyze whether feedback >ming affects 

voice usage and if there was a significant difference between the two condi>ons. First, the ‘voice 

usage’ variable was computed by summing up and averaging the scores of the voice usage categories 

per par>cipant. Aher, all categories of voice usage and the average voice usage were examined 

separately to determine if the mean of each variable significantly changed over >me and if there was 

an interac>on effect between the immediate and delayed feedback condi>on. For each ANOVA 

analysis conducted in this study, first, the assump>ons for conduc>ng ANOVA were checked. 

Secondly, Mauchly’s test of sphericity was examined to determine if the sphericity assump>on was 

met (p > .05). If so, the sphericity assumed row within the ANOVA table was checked to report the F 

sta>s>c, p-value, and effect size. The Greenhouse-Geisser row in the ANOVA table was checked for 

similar sta>s>cs when sphericity was violated. Significance was determined by a p-value smaller than 

.05, and the effect size was measured using par>al Eta-squared. The effect size was considered 

medium between .06 and .14 and large above .14, as noted by Cohen (2013). Addi>onally, an ANOVA 

repeated measures was conducted to assess how feedback >ming influenced the flow experience and 

if there was a difference in the flow experience scores between the immediate and delayed feedback 

condi>on. The ‘flow experience’ variable was computed by summing up and averaging the scores of 

the flow experience dimensions per par>cipant. All dimensions of the flow experience and the 

average flow experience were examined separately to determine if the mean scores of each variable 

significantly changed over >me and if there was an interac>on effect between the immediate and 

delayed feedback condi>ons. A one-way repeated measures ANCOVA was conducted to determine if 

the flow experience was a covariate in the rela>onship between the feedback >ming and voice usage. 

Addi>onally, a media>on analysis was done by conduc>ng a linear regression analysis and a Sobel 

test. 
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Results 

To assess the voice use rubric on interrater reliability, three random presenta>ons including 

three rounds each were evaluated on seven voice use criteria by a second assessor (corresponding to 

63 subjects). This evalua>on showed a .39 Cohen’s Kappa sta>s>c, meaning there was a 

fair/moderate agreement (63 subjects, 2 raters, z = 7.82, p < .05). Together with the second assessor, 

these scores have been discussed and adjusted. Hereaher, the adjusted scores were used for another 

interrater reliability test and showed a Kappa sta>s>c of .90, indica>ng an almost perfect agreement 

(63 subjects, 2 raters, z = 16.13, p < .01).  

As the Psychological Flow Scale (PFS) Ques>onnaire of Norsworthy et al. (2023) is a recently 

developed instrument, a factor analysis was conducted to inves>gate the rela>onship between the 

nine items measuring three dimensions of flow experience. The results of the factor analysis are 

displayed in Table 1, showing that the items are correlated to the respec>ve factor, exceeding the 

threshold of .32. Addi>onally, Cronbach’s α coefficient of every factor showed that the level of 

reliability of each factor is very reliable with “absorp>on” α = .84, “effortless control” α = .89, and 

“intrinsic reward” α = .89. Aher assessing the voice use rubric on interrater reliability and 

inves>ga>ng the factor analysis of the PFS ques>onnaire, the research ques>ons were further 

analyzed in the sec>on below. 

 

Table 1 

Results From a Factor Analysis of a Psychological Flow Scale (PFS) Ques:onnaire  

Item Factor loading 

 1 2 3 

Factor 1: Absorp>on    

1. I was absorbed in giving the presenta>on 0.60 0.13 0.15 

2. I was highly focused on giving the presenta>on 1.00 -0.18 -0.05 

3. All my aoen>on was focused on presen>ng 0.74 0.14 0.00 

Factor 2: Effortless Control    

4. I felt like I could easily control what I was doing 0.08 0.83 -0.20 

5. My ac>ons flowed effortlessly -0.05 0.89 0.06 

6. There was a sense of fluidity to my ac>ons -0.11 0.94 0.07 

Factor 3: Intrinsic Reward    

7. I found the experience rewarding 0.03 -0.10 0.94 

8. The experience felt sa>sfying -0.01 0.07 0.89 

9. I would like the feeling of that experience again -0.05 0.06 0.79 
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Note. N = 42. The extrac>on method was exploratory factoring with an oblique (Promax) rota>on. 

Factor loadings above .32 are in bold.  

Voice Usage over Time 

There are two condi>ons in this research. In both condi>ons, par>cipants gave three 3-

minute presenta>ons. For the immediate feedback condi>on, the interven>on (immediate feedback) 

was introduced during the second presenta>on. The interven>on (delayed feedback) for the delayed 

feedback group was introduced aher comple>ng the PFS ques>onnaire aher the second presenta>on. 

Table 2 shows the descrip>ve sta>s>cs for the dependent variable “voice usage” and its six categories 

and the “flow experience” and its three dimensions. To determine “voice usage”, the scores of the 

categories per par>cipant were summed up and averaged. For “flow experience”, scores across 

dimensions were summed and averaged per par>cipant. 

To address the first research ques>on, “how does immediate feedback, compared to delayed 

feedback, during Virtual Reality (VR) public speaking training influence voice usage among young 

professionals?”, a repeated measures ANOVA has been conducted. This test examined if voice usage 

significantly changed over >me and if there was an interac>on effect between the immediate and 

delayed feedback condi>on. In addi>on, the effect of immediate versus delayed feedback on the 

categories of voice usage was tested by conduc>ng the same analysis. Before tes>ng the hypotheses, 

the assump>ons for conduc>ng ANOVA were checked and met. Mauchly’s test of sphericity indicated 

that the sphericity assump>on was met (p = .93). Therefore, the sphericity assumed row within the 

ANOVA table was checked to report the results. There is a significant main effect when p < .05. The 

results of the within-subjects test, revealed a significant effect of >me on voice usage scores for both 

condi>ons with F(2, 40) = 11.39, p < .001. The effect size, calculated as par>al eta-squared (η²), was 

.22, indica>ng a large effect. This indicates that in each condi>on par>cipants’ voice usage scores 

significantly changed over >me. There was also a significant interac>on between >me and condi>on 

F(2, 40) = 3.81, p < .03, par>al η² = .09, indica>ng that the change of voice usage scores over >me 

differed depending on the par>cipants’ condi>on. These results are visualized in Figure 11, showing 

that for the immediate feedback condi>on, voice usage scores remained rela>vely stable between the 

second and third presenta>ons. In contrast, voice usage scores increased for the delayed feedback 

group during the second and third presenta>ons. For both condi>ons, the voice usage scores in the 

third presenta>on improved compared to the first presenta>on. The in-between-subject effects 

indicated no significant difference in the voice usage score between the two feedback condi>ons over 

>me. 
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Figure 11 

Es:mated Marginal Means of Voice Usage during the three 3-minute Presenta:ons for the Immediate 

and Delayed Feedback condi:on. 

 

Table 2 

Descrip>ve Results per Variable, Group, and Presenta>on  

Group Immediate Delayed 

Variable M1 SD1 M2 SD2 M3 SD3 M1 SD1 M2 SD2 M3 SD3 

Varia>on of 

Intona>on 

6.41 1.60 6.68 1.32 6.50 1.30 6.65 1.87 6.75 1.69 6.70 1.53 

Appropriate Use of 

Intona>on 

5.68 1.50 5.95 1.40 5.91 1.41 5.85 1.46 6.30 1.49 6.25 1.41 

Ar>cula>on 7.23 1.60 7.14 1.61 7.18 1.59 7.60 1.57 7.70 1.42 7.65 1.39 

Varia>on in Speed 5.23 1.41 5.23 1.41 5.55 1.06 5.80 1.58 5.75 1.62 5.65 1.39 

Appropriate Use of 

Speed 

6.09 1.34 6.14 1.08 6.36 0.95 6.40 1.64 6.55 1.50 6.60 1.27 

Pauses 4.95 1.50 5.36 1.36 5.32 1.46 4.80 1.36 4.90 1.62 6.05 1.43 

Filler Words 4.77 2.45 6.36 2.08 5.95 2.70 5.40 2.64 4.80 2.69 7.15 2.21 

Voice Usage  5.77 1.03 6.12 0.96 6.11 1.11 6.07 1.15 6.11 1.28 6.58 1.07 

Absorp>on 5.45 1.09 4.90 1.60 5.98 0.99 5.63 1.27 5.98 1.20 5.85 1.37 

Effortless Control 5.20 1.40 4.30 1.50 5.86 1.02 4.92 1.06 5.43 0.99 5.53 1.27 

Intrinsic Reward 5.30 1.20 4.91 1.53 5.91 0.91 5.00 1.32 5.30 1.45 5.73 1.50 
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Flow Experience 5.31 0.90 4.71 1.31 5.92 0.76 5.18 0.96 5.57 1.09 5.71 1.28 

Note. N = 42 (n = 20 for the delayed feedback group and n = 22 for the immediate feedback group). 

M1= mean first presenta>on; SD1 = standard devia>on first presenta>on; M2 = mean second 

presenta>on; SD2 = standard devia>on second presenta>on; M3 = mean third presenta>on; SD3 = 

standard devia>on third presenta>on. 

 

When conduc>ng repeated measures ANOVA to assess the effect on “appropriate use of 

intona>on”, Mauchly’s test of sphericity indicated that the assump>on of sphericity was met (p = .51). 

Therefore, results were drawn from the sphericity assumed row of the ANOVA table. The par>cipants’ 

scores demonstrated significant changes over >me for the variable “appropriate use of intona>on” 

(F(2, 40) = 5.55, p < .006, par>al η² = .12). There was no interac>on between >me and condi>on, 

indica>ng that the change of appropriate use of intona>on scores over >me did not significantly differ 

between the two condi>ons. Addi>onally, the in-between-subject effects test indicated no significant 

difference in the appropriate use of intona>on score between the two feedback condi>ons over >me. 

To assess the effect on “appropriate use of inserted pauses”, a repeated measures ANOVA 

was conducted. Mauchly’s test of sphericity indicated that the assump>on of sphericity was met (p = 

.37). Therefore, results were drawn from the sphericity assumed row of the ANOVA table. The 

par>cipants’ scores demonstrated significant changes over >me for the variable “appropriate use of 

inserted pauses” with F(2, 40) = 9.23, p < .001. The effect size, calculated as η², was .19, indica>ng a 

large effect. There was also a significant interac>on between >me and condi>on F(2, 40) = 5.22, p < 

.007, par>al η² = .12, indica>ng that the change of the scores of appropriate use of inserted pauses 

differed over >me depending on the par>cipants’ condi>on. These results are displayed in Figure 12, 

showing that for the immediate feedback condi>on, the appropriate use of pauses scores increased 

slightly between the first and second presenta>on and remained rela>vely stable between the 

second and third presenta>on. In contrast, the scores for delayed feedback between the second and 

>me third presenta>ons increased, displaying a steep incline.  
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Figure 12 

Es:mated Marginal Means of Appropriate Use of Inserted Pauses during the three 3-minute 

Presenta:ons for the Immediate and Delayed Feedback condi:on. 

 

 

 

When conduc>ng repeated measures ANOVA to assess the effect on “filler words”, Mauchly’s 

test of sphericity indicated that the assump>on of sphericity was met (p = .06). Therefore, results 

were drawn from the sphericity assumed row of the ANOVA table. Par>cipants’ scores of the variable 

“filler words” revealed significant changes over >me with F(2, 40) = 12.23, p < .001. The effect size, 

calculated as η², was .23, indica>ng a large effect. There was also a significant interac>on between 

>me and condi>on (F(2, 40) = 11.68, p < .001). The effect size of η²= .23 indicates a large effect. These 

results show that the change in the scores of filler words differed over >me depending on the 

par>cipants’ condi>on. Figure 13 displays the change in the use of filler words over >me, showing 

that for the immediate feedback group, the scores of filler words increased from the first to the 

second presenta>on, showing a steep posi>ve incline. Hereaher, filler word scores remained 

rela>vely stable between the second and third presenta>ons. For the delayed feedback group, the 

score of filler words slightly decreased between the first and second presenta>on and increased 

between the second and third presenta>on, showing a posi>ve steep incline. 

 

  



 33 

Figure 13 

Es:mated Marginal Means of Filler Words during the three 3-minute Presenta:ons for the Immediate 

and Delayed Feedback condi:on. 

 

 

Results of the within-subjects test for the corresponding categories of voice usage showed no 

main effect of >me on varia>on in intona>on, ar>cula>on, varia>on in speed, and appropriate use of 

speed. For these categories, there was also no interac>on effect between >me and condi>on.  

 

The Flow Experience over Time 

To explore the second ques>on, “how does immediate, compared to delayed feedback, during 

Virtual Reality (VR) public speaking training influence the flow experience?” a repeated measures 

ANOVA was conducted to assess whether the flow experience changed over >me and if there was an 

interac>on effect between the immediate and delayed feedback condi>ons. Furthermore, the 

dimensions of the flow experience were also separately examined by conduc>ng repeated measures 

ANOVA, to test sub-rela>onships, as suggested by Norsworthy et al. (2023).  

First, Mauchly’s test of sphericity was checked, indica>ng that the sphericity assump>on was met 

(p = .20). Therefore, the sphericity assumed row within the ANOVA table was checked to report the 

results. Results of the ANOVA test revealed a significant effect of >me on the flow experience for both 

condi>ons with F(2, 40) = 12.20, p < .001, indica>ng that for both condi>ons, par>cipants’ average 

flow experience score significantly changed over >me. The effect size, calculated as par>al eta-

squared (η²), was .23, indica>ng a large effect. There was also a significant interac>on between >me 
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and condi>on F(2, 40) = 7.42, p < .001. The effect size as par>al η² = .17, indica>ng a large effect. 

These results indicate that the change of the average flow experience score over >me differed 

significantly depending on the par>cipants’ condi>on. Consequently, for the immediate feedback 

group, flow experience scores decreased from the first to the second presenta>on, showing a steep 

nega>ve incline (see Figure 14). Hereaher, the flow experience score increased between the second 

and third presenta>on, displaying a steep posi>ve incline. For the delayed feedback group, the score 

of flow experience increased between the first and second presenta>on and increased slightly 

between the second and third presenta>on, showing a posi>ve incline. 

 

Figure 14 

Es:mated Marginal Means of Flow experience during the three 3-minute Presenta:ons for the 

Immediate and Delayed Feedback condi:on. 

 

Results of the repeated measures ANOVA test for the dimensions of the flow experience revealed 

significant changes over >me for each variable. For the variable “absorp>on” the Greenhouse-Geisser 

row in the ANOVA table was checked, as Mauchly’s test revealed that sphericity was not assumed (p 

.005). Results showed a significant effect of >me on absorp>on for both condi>ons with F(2, 40) = 

4.04, p < .03, par>al η² = .09. There was also a significant interac>on between >me and condi>on F(2, 

40) = 6.43, p = .005. The effect size as par>al η² = .14, indica>ng a large effect. 

When conduc>ng repeated measures ANOVA to assess the effect on “effortless control”, 

Mauchly’s test of sphericity indicated that the assump>on of sphericity was met (p = .82). Therefore, 

results were drawn from the assumed row of the ANOVA table. Par>cipants’ scores of the variable 
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“effortless control” revealed significant changes over >me with F(2, 40) = 7.72, p < .001. The effect 

size, calculated as η², was .18, indica>ng a large effect. There was also a significant interac>on 

between >me and condi>on (F(2, 40) = 7.72, p < .001). The effect size as par>al η²= .16, indica>ng a 

large effect.  

For the variable “intrinsic reward” the Greenhouse-Geisser row in the ANOVA table was checked, 

as Mauchly’s test revealed that sphericity was not assumed (p .03). Results revealed a significant 

effect of >me on intrinsic reward for both condi>ons (F(2, 40) = 18,79, p < .001). The effect size as 

par>al η²= .32, which exceeds the threshold of a large effect (.14), indica>ng that 32% of the variance 

in the dependent variable can be explained by the effect of >me. Addi>onally, there is a significant 

interac>on effect between >me and condi>on with F(2, 40) = 3.83, p = .03, par>al η²= .09. 

 
The MediaHng Role of the Flow Experience 

To investigate the third research question, “how does the flow experience influence voice 

usage during Virtual Reality (VR) public speaking training, and to what extent does it mediate the 

effect between immediate feedback and voice usage?” first, a one-way repeated measures ANCOVA 

was conducted to inves>gate whether the flow experience acts as a covariate in the rela>onship 

between feedback >ming and voice usage. Specifically, it was examined if the flow experience 

influenced the effect of feedback >ming on voice usage over >me.  

As the covariate in repeated measures ANCOVA must be independent of the effects of the 

interven>on (immediate and delayed feedback), the par>cipant’s flow experience score of the first 

presenta>on was taken as a covariate in this analysis. Mauchly’s Test of sphericity revealed that 

sphericity was assumed (p = .94). Therefore, the row of sphericity assumed was checked in the 

ANCOVA table. Results of the within-subjects test revealed no significant effect of >me on voice usage 

across the three presenta>ons for both condi>ons aher controlling for the flow experience (F(2, 40) = 

.91, p = .41, par>al η² = .02). As previously stated, to explore research ques>on one, the results of the 

within-subject test ANOVA revealed a significant effect of >me on voice usage scores for both 

condi>ons (F(2, 40) = 11.39, p < .001, par>al η² = .22). Including the flow experience as a covariate 

revealed that the flow experience may account for the variability that was contributed to >me. 

Results revealed a significant interac>on effect between >me and condi>on aher controlling for flow 

experience, F(2, 40) = 3,82, p = .03, par>al η² = .09. Indica>ng that the change in voice usage over 

>me differs between the condi>ons, even aher controlling for the covariate. The within-subject test 

showed no interac>on effect between >me and the flow experience, sugges>ng that the effect of the 

flow experience score on voice usage does not significantly differ over >me. Lastly, the between-

subjects test revealed no significant overall effect of the condi>on and the flow experience on voice 

usage aher controlling for the covariate. 
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To examine whether the flow experience accounts for the variability previously aoributed to 

>me and to test for a poten>al media>on effect of the flow experience, a linear regression analysis 

and a Sobel test were conducted. Specifically, the indirect effect of immediate versus delayed 

feedback on the flow experience (path a), an indirect effect of the flow experience on voice usage 

(path b), and an overall and direct effect of immediate versus delayed feedback on voice usage were 

examined (path c/c’). For the dependent variable, the difference between the voice usage scores of 

the second and third presenta>on were computed for each condi>on. These scores indicate the 

improvement in voice usage aher par>cipants received feedback. The flow experience score of 

par>cipants in the second presenta>on was used to determine its role as a mediator. The first step of 

the analysis showed that the indirect effect of immediate feedback on the flow experience >me 2 

(path a) was significant (B = -.87, t(39) = -2.32, p = .03). Indica>ng that immediate feedback predicts a 

lower flow experience score. The indirect effect of the flow experience on voice usage (path b), was 

not sta>s>cally significant (B = .06, t(39) = .89, p = .38). Addi>onally, the total effect of immediate 

feedback on voice usage (path c) was not significant (B = -.16, t(39) = -.93, p = .36), nor was the direct 

effect of immediate feedback on voice usage with controlling for flow (path c’: B = -.12, t(39) = -.66, p 

= .51). Lastly, a Sobel test was conducted, further confirming that there was no significant media>on 

effect of flow between immediate feedback and voice usage with z = .58, p = .56. 
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Discussion 

The aim of this research was to inves>gate how immediate feedback, compared to delayed 

feedback, during Virtual Reality (VR) training, influenced the public speaking skill voice usage among 

young professionals. Secondly, it was inves>gated how the flow experience mediates the effect of 

immediate feedback during VR training on the public speaking skill voice usage. The conclusions of 

this study will be explained per hypothesis and research ques>on. 

 

Feedback Timing Effect 

Regarding the first research ques>on, “how does immediate feedback, compared to delayed 

feedback, during Virtual Reality (VR) public speaking training influence voice usage among young 

professionals?” it was hypothesized that immediate feedback has a weaker posi>ve effect on voice 

usage compared to delayed feedback. These expecta>ons were based on research indica>ng that 

within VR public speaking training, immediate feedback on performance can be more of a distrac>ng 

factor instead of a suppor>ng factor to par>cipants (Chollet et al. 2015). However, the results from 

the repeated-measures ANOVA showed that the average voice usage score of par>cipants 

significantly improved from the first to the third presenta>on, regardless of receiving immediate or 

delayed feedback in VR. Nevertheless, the change of the average voice usage score between each 

presenta>on differed significantly depending on whether par>cipants received immediate or delayed 

feedback. Par>cipants who received immediate feedback did not reveal a significant difference in the 

average voice usage score compared to par>cipants who received delayed feedback. Par>cipants who 

received delayed feedback aher the second presenta>on scored higher on the average voice usage at 

the third presenta>on, compared to par>cipants in the immediate feedback condi>on, whose average 

voice usage scores remained rela>vely stable between the second and third presenta>ons. Thus, 

delayed feedback has a more posi>ve impact on par>cipants’ average voice usage score compared to 

immediate feedback, confirming the first hypothesis. This is in line with previous studies that showed 

that immediate feedback could have a posi>ve influence on voice usage during VR public speaking 

training. For instance, Damian et al. (2015), showed that immediate feedback improved the openness, 

body energy, and speech rate during public speaking. Addi>onally, par>cipants in the study of Tanveer 

et al. (2015) found immediate feedback helpful in enhancing their speaking rate. However, some 

studies (e.g., Chollet et al., 2015; King et al., 2000) note that immediate feedback can be distrac>ng 

for par>cipants during their presenta>on, which might cause a discrepancy in the average voice usage 

scores between immediate and delayed feedback condi>ons. Presenters seem to especially favor 

immediate “sparse” feedback to minimize distrac>on, rather than feedback con>nuously presented 

(Chollet et al., 2015; Tanveer et al., 2015). Depending on the performance, par>cipants of the 

immediate feedback condi>on within this study received feedback con>nuously.  
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An alterna>ve explana>on of a stronger effect of delayed feedback on voice usage could be 

due to the content included in the feedback. According to Nicol and Macfarlane-Dick (2006), specific 

strategies need to be considered in sufficient feedback prac>ces to support self-regulated learning 

and, thus performance. For instance, a good feedback prac>ce clarifies the strengths and weaknesses 

of performance but also clarifies how to improve it. Tsang (2018) men>oned that feedback such as 

“the body language was poor or good”, does not contribute to these strategies. Furthermore, Tanveer 

et al. (2015) displayed immediate feedback by mapping the presenters’ current performance on a 

two-point scale of icons, indica>ng a high or low performance, which resulted in a posi>ve effect on 

performance. In the current study, par>cipants who received delayed feedback were given an 

analy>cs report containing more detailed informa>on on the desired performance, such as a graph 

including whether the pitch varia>on (intona>on) was high or low and what was desired. Conversely, 

immediate feedback seems to be misaligned with the strategies, offering mainly a warning of “more 

pitch varia>on”, instead of providing insights on what performance was desired.  

In brief, the weaker posi>ve effect of immediate feedback on voice usage may be due to 

speaker distrac>on, as observed in several studies (e.g., Chollet et al., 2015; King et al., 2000), where 

constant feedback is less favored than sparse feedback (Chollet et al., 2015; Tanveer et al., 2015). 

Further, feedback can support performance improvement if it contains more descrip>ve informa>on, 

such as the expected performance (Nicol & Macfarlane-Dick, 2006). Therefore, the general content 

included in immediate feedback versus the extensive and detailed content included in delayed 

feedback may serve as an addi>onal explana>on. 

In addi>on to the overall effects of immediate and delayed feedback on the average voice 

usage score, the categories within voice usage were also inves>gated for possible sub-rela>ons. While 

par>cipants who received immediate feedback during the second presenta>on did not show a 

significant difference in the average voice usage score compared to delayed feedback, a difference 

was observed in “filler words” and “appropriate use of inserted pauses” between the two condi>ons. 

For instance, par>cipants who received immediate feedback used fewer filler words in the second 

presenta>on than in the delayed feedback condi>on. In contrast, the number of filler words used in 

the third presenta>on remained rela>vely consistent for the immediate feedback condi>on, while the 

delayed feedback condi>on showed less use of filler words. First, the contradic>on in findings of the 

average voice usage and categories of voice usage may be due to the frequency of the kind of 

immediate feedback presented to par>cipants during the second presenta>on. To be concrete, the 

VR technology displayed messages on filler words more frequently to all par>cipants compared to 

immediate feedback on speaking rate, pauses, and monotony. The reason for par>cipants to score 

higher on the appropriate use of inserted pauses in the second presenta>on could be due to a 

possible correla>on with filler words. According to Montes et al. (2019), minimizing filler word usage 
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may present prac>cal limita>ons due to the possible correla>ve rela>onship with other voice usage 

elements. Specifically, changes in filler word usage, such as an increase or decrease, can impact other 

aspects of the voice. For example, using fewer filler words could result in inser>ng more appropriate 

pauses. Concretely, the observed increase in just two categories of voice usage may result from the 

frequent feedback on filler words, which can also influence other voice usage skills, such as the 

appropriate use of inserted pauses. 

 As previously men>oned, research (e.g., Damain et al., 2015; Tanveer et al., 2015) revealed 

that immediate feedback could also posi>vely affect voice usage, which could explain the 

improvement in filler words and the appropriate use of inserted pauses. King et al. (2000) revealed 

that immediate feedback especially impacts behavior that requires liole aoen>on capacity, such as 

eye contact. Filler words and appropriate use of inserted pauses may poten>ally be part of this 

category. An alterna>ve reason for the other categories being unaffected could be due to cogni>ve 

overload. According to the cogni>ve load theory, people have a maximal capacity for processing 

informa>on through the working memory system (Schnotz & Kürschner, 2007; Sweller & Chandler, 

1991; Van Merriënboer & Sweller, 2010). Furthermore, Miller (1956) states that confusion and errors 

may occur in someone’s output aher the maximum capacity to process informa>on is exceeded. 

Voice usage encompasses mul>ple categories and, therefore, can be considered a complex skill. Such 

skills can be described as “high element-interac:ve material”, which can induce a high intrinsic 

cogni>ve load (Schnotz & Kürschner, 2007; Sweller & Chandler, 1994; Van Merriënboer & Sweller, 

2010). In the current study, a high intrinsic cogni>ve load could have been present as the presenter 

dealt with mul>ple aspects simultaneously (e.g., their narra>ve, voice, gestures, slides, VR). Besides 

the intrinsic cogni>ve load inherent to the task, immediate feedback could have caused extraneous 

load. Within several studies (e.g., Schnotz & Kürschner, 2007; Sweller & Chandler, 1991; Van 

Merriënboer & Sweller, 2010), it is discussed that a high extraneous load can be generated by learning 

material and might be the result of presen>ng too much informa>on that goes beyond the 

boundaries of the working memory. Therefore, for teaching complex tasks, extraneous load must be 

minimized to op>mize the capacity of the working memory system necessary for learning (i.e., 

germane load) and to prevent cogni>ve overload (Schnotz & Kürschner, 2007).  

As outlined above, the scores on “filler words” and “appropriate use of inserted pauses” 

between the second and third presenta>on remained rela>vely stable for the immediate feedback 

condi>on, while the scores improved significantly for the delayed feedback condi>on. This reveals 

that there is a weaker effect of immediate feedback on voice usage when the feedback is removed 

compared to receiving delayed feedback. A possible explana>on may be grounded in research by 

Corbeo and Anderson (2001), who revealed that someone can rely on immediate feedback in 

situa>ons when it is unavailable. More specifically, par>cipants who received immediate feedback 
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began the problem-solving ac>vity within a program immediately, whereas removing feedback led 

par>cipants to wait un>l finishing the en>re program before asking for help. Even though par>cipants 

of the current study were told that immediate feedback was excluded in the third presenta>on, it 

could be the case that par>cipants depended on immediate feedback to improve voice usage aspects. 

In sum, the immediate feedback provided during the second presenta>on may have led to 

cogni>ve overload, a concept inves>gated by several researchers (e.g., Schnotz & Kürschner, 2007; 

Sweller & Chandler, 1994; Van Merriënboer & Sweller, 2010). As a result, par>cipants might struggled 

to effec>vely enhance mul>ple elements of voice usage, including intona>on, ar>cula>on, and 

speaking rate, due to reaching the maximal capacity of processing informa>on. Cogni>ve overload 

can affect learning capacity (Schnotz & Kürschner, 2007), which could explain the rela>vely stable 

voice usage scores between the second and third presenta>on. Furthermore, as revealed by Corbeo 

and Anderson (2001), par>cipants may have relied on immediate feedback when it was unavailable, 

and removal might have limited further voice usage improvement. Addi>onally, the increase in only 

two categories of voice usage may be aoributed to the frequent feedback on filler words, a skill that 

can impact other elements of voice usage, such as the appropriate use of inserted pauses. In contrast, 

delayed feedback appears to enhance all aspects of voice usage simultaneously. This improvement 

may result from the more extensive and detailed content included in this type of feedback, which, as 

Nicol and Macfarlane-Dick (2006) note, supports performance enhancement. Lastly, the poten>al 

influence of flow experience as an addi>onal explanatory factor is discussed further in this discussion. 

 

Feedback Timing and Flow 

Regarding the second research ques>on, “how does immediate, compared to delayed 

feedback, during Virtual Reality (VR) public speaking training influence the flow experience?” it was 

expected that immediate feedback nega>vely affects the flow experience compared to delayed 

feedback. This was based on the theory of flow (Csikszentmihalyi, 1975) and the framework of 

Norsworthy et al. (2023), indica>ng if an individual does not experience a sense of control during a 

task, becomes distracted, or does not perceive the task as intrinsically rewarding, the intensity of the 

flow experience can be decreased or disrupted. This hypothesis is supported by the results of this 

study, revealing that compared to the first presenta>on, the flow experience scores of par>cipants 

receiving immediate feedback were significantly lower in the second presenta>on. Moreover, the flow 

experience scores increased in the third presenta>on when feedback was removed. In contrast, the 

flow experience score of par>cipants in the delayed feedback condi>on improved significantly during 

each presenta>on. The gradual increase in the flow experience scores for par>cipants of the delayed 

feedback condi>on can be explained by the core of the revised flow model presented by Barthelmäs 

and Keller (2020). According to them, the intensity of the flow experience can increase when a person 
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finds an ac>vity valuable and there is a fit between the environment’s demands and the par>cipant’s 

skills. Moreover, if someone engages in a specific ac>vity and experiences flow, they might find the 

ac>vity more valuable aherward, leading to an increase in the intensity of the flow experience when 

par>cipa>ng in this ac>vity again (Barthelmäs & Keller, 2020; Engeser & Rheinberg, 2008). Conversely, 

the intensity of the experience of flow increased significantly for the immediate feedback condi>on 

between the second and third presenta>ons. However, this effect may not stem from experiencing 

flow in the previous presenta>on but rather because the crucial flow components, such as intrinsic 

reward, were more strongly experienced in the third presenta>on when immediate feedback was 

excluded.  

It is also worth considering whether the immediate feedback condi>on had all the 

precondi>ons to induce a flow experience in the second presenta>on. More specifically, according to 

Barthelmäs and Keller (2020), a crucial pre-condi>on is a “perceived fit between skills and 

challenges”. This means that flow is most probably experienced when an individual perceives their 

skills and challenges of the environment as high (Csikszentmihalyi, 1996; Moneta & Csikszentmihalyi, 

1996; Schüler, 2007). Public speaking alone can be a demanding and difficult ac>vity. Moreover, it 

includes the combina>on of verbal and non-verbal abili>es (Bower et al., 2011; Or>z et al., 2016) and 

individuals can be anxious to speak in public (Lee et al., 2002; Tsang, 2020; Wang et al., 2020). 

Therefore, adding immediate feedback might affect whether the par>cipant perceives their voice 

usage skills as sufficient, poten>ally disturbing the balance between the perceived fit between skills 

and challenges. 

 To summarize, par>cipants who received immediate feedback reported significant lower flow 

experiences compared to the delayed feedback condi>on. However, when immediate feedback was 

removed, flow levels significantly increased. This suggests that immediate feedback interferes with 

absorp>on, effortless control and intrinsic reward. An imbalance of the perceived fit of skills and task 

demands could explain the increase in the flow experience. 

 

MediaHng Effect of Flow 

An alterna>ve answer to the first research ques>on could be that a decrease in the state of 

flow causes par>cipants of the immediate feedback condi>on to score lower on voice usage 

compared to par>cipants of the delayed feedback condi>on. Therefore, another aim of this study was 

to inves>gate to what extent the flow experience mediates the effect between the timing of feedback 

and voice usage. It was hypothesized that the flow experience would positively affect voice usage, 

and the flow experience would mediate between the immediate feedback and voice usage. Hence, it 

was expected that immediate feedback would negatively affect the flow experience and, therefore, 

negatively affect voice usage. In VR public speaking training, the mediating role of flow has not yet 
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been investigated. However, Kang et al. (2022), found that flow could be a mediating factor and 

contribute to the application of knowledge and skills within a Virtual Reality semiconductor facility 

training. Furthermore, a relationship could be expected between flow and performance as the flow 

experience is intrinsically rewarding and involves a high level of concentration and a sense of control 

which could both stimulate performance (Barthelmäs & Keller, 2020; Engeser & Rheinberg, 2008). 

Regardless of the expectations, the findings of this research did not show evidence for a mediating 

effect of flow. The first ANOVA analysis revealed that voice usage changed significantly over time for 

both conditions. However, when the flow experience was included as a covariate in ANCOVA, the 

effect on voice usage was no longer significant. Therefore, flow may have accounted for some of the 

variance in voice usage scores. This implied that a mediation effect could be possible. However, the 

mediation analysis revealed no evidence for the mediating effect of flow. This also indicates that the 

observed changes in voice usage over time were not indirectly affected by flow. In addition to the 

mediation analysis, results of the ANOVA analyses revealed that even though the flow state of 

participants in the second presentation was significantly lower, filler words and appropriate use of 

inserted pauses scores were significantly higher than the delayed feedback condition. Contrary to the 

hypothesis, this reveals that even though participants experience lower flow states, voice usage skills 

can be positively affected during public speaking.  

These results do not align with previous research by Kang et al. (2022) on the mediating 

effect of flow. However, the context of their study differed, and they investigated the mediating 

effect of flow between media characteristics as the independent variable and learning transfer as the 

dependent variable. Media characteristics did not include immediate or delayed feedback, but 

elements contributing to making the VR environment close to reality. Moreover, the researchers 

used a different instrument to capture the flow experience, including the instrument of Jackson and 

Marsh (1996) measuring the original nine components of flow. It could be the case that the 

instrument used in this current study might not have captured the whole experience of flow, 

resulting in, for instance, the flow experience being less or stronger during a presentation than 

revealed. Whether the instrument affected the results of the current study remains questionable, as 

studies (e.g., Delle Fave et al., 2011; Heutte et al., 2021; Norsworthy et al., 2023) suggest different 

methods. Researchers such as Delle Fave et al. (2011) state that measuring all nine components is 

crucial for capturing flow, while researchers such as Heutte et al. (2021) and Norsworthy et al. (2023) 

assume that measuring a few components is sufficient and easier to capture an overall flow 

experience. Concretely, no evidence was found in the current study for flow as a mediating factor, as 

was captured by Kang et al. (2022), possibly due to differences in contexts, variables, or 

measurement instruments. However, the role of the instrument remains uncertain, as several 
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researchers (e.g., Delle Fave et al., 2011; Heutte et al., 2021; Norsworthy et al., 2023) suggest 

different instruments for capturing flow effectively. 

Even though the mediating effect is not captured in this study, it remains unclear why the 

immediate feedback condition, despite a weaker experience of flow, led to greater improvements in 

voice usage elements such as filler words and appropriate use of inserted pauses compared to the 

delayed feedback condition in the second presentation. A possible explanation is the uncertainty of 

whether the flow experience contributes to performance improvements. In addition, while 

Barthelmäs and Keller (2020) suggest that flow may influence performance, the researchers also 

acknowledge uncertainty about whether this relationship exists or is reversed, with performance 

influencing the flow experience. For instance, an important precondition of inducing the flow 

experience is a perceived fit between skills and demands, acknowledged by different research (e.g., 

Baumann et al., 2016; Keller & Bless, 2008; Keller & Blomann, 2008; Moneta & Csikszentmihalyi, 

1996). Thus, if someone feels they have the skills to meet the challenges within the VR environment, 

they may perceive themselves as more competent, which potentially increases the likelihood of 

performing well on the task and improving flow. Schüler (2007) revealed that the flow experience 

influences performance, although the context differed, and their study considered measuring the 

“perceived balance between skills and challenges” into consideration. In contrast, the current study 

raises questions about the effect of performance on the flow experience: flow scores were weaker 

during the second presentation for the immediate feedback condition, yet performance improved. 

Interestingly, in the third presentation, without immediate feedback, flow scores increased, but voice 

usage scores remained rela>vely stable. It could be that lower flow scores, due to immediate 

feedback, negatively influenced the perceived balance between skills and demands for the third 

presentation, impacting performance. However, this was not measured. Ultimately, the results 

suggest that immediate feedback may positively affect performance more strongly than a lower state 

of flow on performance, though this conclusion lacks support from existing literature. 

In sum, although exis>ng research (Barthelmäs & Keller, 2020; Engeser & Rheinberg, 2008) 

revealed posi>ve associa>ons between flow and performance, the current study found no evidence 

that reduced flow experiences nega>vely influence voice usage or mediate the effect of immediate 

feedback on voice usage. One possible explana>on is the inconsistent findings regarding the 

connec>on between flow and performance. Moreover, studies (e.g., Schüler, 2007) that revealed a 

posi>ve rela>onship employed alterna>ve instruments in different contexts.  

 

Reliability and Validity of Instruments 

Regarding the Psychological Flow Scale (PFS) ques>onnaire, a reliability and factor analysis 

was conducted to assess the reliability and validity of the instrument. There might have been a few 
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aspects that could affect the reliability and validity of this instrument. Par>cularly, the novelty of the 

instrument as it was recently developed in 2023, and transla>ng the instrument into Dutch as the 

original PFS ques>onnaire is intended for English-speaking adults. Nevertheless, the items were highly 

correlated to the respec>ve factor and Cronbach’s alpha revealed that each factor was very reliable.  

As men>oned in the method sec>on, changes were made to the original voice use rubric to 

make the instrument more suitable for the current study. Specifically, the category “volume” was 

excluded from the rubric, and the category “pauses” of two criteria was merged into one category 

“appropriate use of inserted pauses”. Addi>onal explana>ons for scoring the categories were added 

as guidelines for the researcher and second assessor. Interrater reliability showed that the ini>al 

round of assessing three random presenta>ons showed a .39 Cohen’s Kappa sta>s>c, indica>ng a 

fair/moderate agreement. Together with the second assessor, these scores have been discussed and 

adjusted. Hereaher, the adjusted scores were used for another interrater reliability test and showed a 

Kappa sta>s>c of .90. A possible explana>on for the big difference between the sta>s>cs may be due 

to the complexity of the assessment ac>vity. For instance, assessing voice usage includes a defini>ve 

decision based on a period when fluctua>ons in each voice use element can appear. Moreover, Cho 

and Dewaele (2021) revealed that because of systema>c differences of individuals, each listener 

could perceive the voice usage skills, such as intona>on, differently. Adding an exhaus>ve descrip>on 

for each grade may have increased the complexity of the rubric. In addi>on, cri>cally evalua>ng each 

voice usage skill, required the second assessor to have a thorough understanding of each skill, which 

was further enhanced through discussions of the results.  

 

TheoreHcal ImplicaHons 

This study expands on research outcomes by demonstrating the effect of immediate 

feedback on the flow experience within a VR public speaking training, which has not been 

investigated to the best of current knowledge. In contrast to research by Belboukhaddaoui and van 

Ginkel (2019), who revealed no difference between the effect of immediate versus delayed feedback 

on performance in VR public speaking training, the results of the current study revealed that delayed 

consistently enhances overall voice usage and flow experience each round, outperforming immediate 

feedback. Conversely, voice usage elements such as filler words and appropriate use of inserted 

pauses improved while receiving immediate feedback, revealing the positive effect that immediate 

feedback can have on performance, as shown earlier by King et al. (2000) in a study on the effect of 

feedback in real-life public speaking settings. However, this finding raises questions about whether – 

in line with the cognitive load theory – there might be a threshold for immediate feedback that can 

be processed to learn and improve voice usage skills during public speaking.  
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The current study also contributes to research on the effect of flow on performance. In 

addition to the results of research by Keller and Bless (2008) and Keller and Blomann (2008) who 

found no relationship between flow and performance, the current study revealed that although a 

lower flow experience occurs, performance can improve. It remains uncertain if the relationship 

between performance and flow is nonexistent, considering that after receiving delayed feedback the 

flow experience and voice usage improved. Lastly, the current study contributes by testing the 

applicability of the recently developed PFS questionnaire by Norsworthy et al. (2023) in another 

context, as recommended by the authors.  

 

PracHcal ImplicaHons 

From a practical standpoint, the outcomes of the current study offer valuable insights for 

educators and VR developers to enhance the learning experience of the individual. Even though there 

is not enough evidence that a lower flow experience influences the voice usage of participants, it is 

evident that receiving immediate feedback causes lower levels of absorption, effortless control, and 

intrinsic reward. Furthermore, according to the creator of the PFS questionnaire, Norsworthy et al.  

(2023) there is a negative correlation between these dimensions and the perceived stress and anxiety 

of the individual. Similarly, delayed feedback can improve the voice usage of the individual even 

more than immediate feedback. Therefore, one practical guideline is to critically question the 

effectiveness of immediate feedback and consider delayed feedback as a potentially more beneficial 

alternative within VR public speaking training. Moreover, public speaking can be a stressful or 

anxious activity (Tsang, 2020) and immediate feedback might contribute to this as well.  

Alternatively, VR developers could consider revising the content included in the immediate 

feedback function of VR public speaking training. For instance, the distractive nature of immediate 

can be avoided if the presenter can find immediate feedback only when they need it. An example of 

the effectiveness of this intervention was shown in research by Tanveer et al. (2015). Moreover, as 

mentioned before, the presenter should have a clear understanding of the strengths and weaknesses 

of their performance after the presentation. Thus, developers could construct an immediate 

feedback system that reflect these insights. 

 

LimitaHons 

Several limitations need to be considered for interpreting the results of this study. 

Specifically, the VR software did not derive immediate nor delayed feedback on “articulation”, 

although this skill was assessed and is included on the voice use rubric. Therefore, fluctuations in the 

level of performance of this skill could be due to the novelty effect, as most participants indicated 
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that they were not exposed to Ovation before attending the research. The novelty effect suggests if a 

tool or activity is new to someone, it can positively affect behavior, especially in contexts of 

innovative technologies (Elston, 2021). Additionally, the novelty effect cannot be ruled out for other 

voice usage elements and the flow experience and can be considered a limitation of this study. 

Potential solutions include longer trials, involving participants familiar with the training tool (van 

Ginkel et al., 2019) or by including a third control condition in which participants are not exposed to 

immediate or delayed feedback. 

A second limitation includes the dependency on technology of the intervention’s (delayed or 

immediate feedback) quality, which could have affected the participants’ performance. For instance, 

a participant with an “extremely” fast speaking rate based on the voice use rubric received an almost 

“perfect score” on speaking rate through delayed feedback. Based on the delayed feedback, the 

participant might have perceived the speaking rate as sufficient, preventing them from improving this 

skill. A similar finding was found by Cherner and Fegely (2023), who revealed that participants found 

generated feedback from a public speaking technology unreliable. Successful technological 

development comes with connecting non-research organizations to organizations that conduct 

research, such as universities (Hall et al., 2001). Software developers may not have investigated the 

conditions under which a voice usage skill can be considered a “perfect score”. Therefore, developers 

must constantly update, improve, and evaluate feedback practices (Cherner & Fegely, 2023). 

The final limitation refers to the language displayed in the VR software and processed by the 

VR software. To be concrete, the VR interface, including immediate feedback messages and the 

delayed feedback report, were displayed in English and could not be supported in Dutch. As most 

participants of the current study were Dutch-speaking, this could have affected participants’ 

comprehension and responses to feedback as English most probably would not have been their 

native language. A possible solution is to provide detailed instructions to participants before the first 

presentation, defining the expected performance and evaluating their understanding (Mak, 2019), for 

instance, by explaining what (sufficient) “pitch variation” means. Another challenge regarding this 

limitation is that the technology was configured to provide feedback based on the English spoken 

language, this could have affected the output of immediate and delayed feedback provided to Dutch 

speakers. 

 

SuggesHons future research 

During the data collection, the software used in this study introduced a beta functionality. This 

feature includes a generative artificial intelligence (GenAI) feature, which can provide more in-depth 

feedback after a presentation. Chen et al. (2024) revealed that GenAI can positively affect the 
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speaking performance of the individual. Future research could investigate whether this kind of 

feedback could be a solution for poor feedback strategies supporting the development of voice usage 

skills and if it can be an effective alternative for immediate feedback.  

Another suggestion for future research is to investigate personal perceptions before the 

individual executes a task where flow could be experienced (e.g., public speaking). As previously 

mentioned, the perceived balance between skills and challenges could be a precondition to 

experience flow, as stated by Barthelmäs and Keller (2020). To investigate the perception before an 

activity, Csikszentmihalyi (1975) suggests capturing personality traits that can cause someone to 

overes>mate or underes>mate the objec>ve challenges of the task. A method applied by Schüler 

(2007) involves asking par>cipants to extend the sentence further “For me, personally, the current 

challenge is…” (p. 220), by choosing a number from 1 to 9. Specifically, nine indicate that the 

challenges are perceived as too high, and one indicates that the challenges perceived are too low for 

the individual. The result of capturing these percep>ons could give insights into the reason why 

someone experiences low or higher flow states. In light of the current study, these insights could 

explain whether this precondi>on had a role in higher or lower flow states for the immediate 

feedback condi>on.  

The final sugges>on is to inves>gate the rela>onship between the flow experience, public 

speaking anxiety, and immediate feedback. As men>oned before, experiencing anxiety is a common 

challenge for individuals during public speaking, affec>ng their performance. Factors affec>ng public 

speaking anxiety have been inves>gated by several researchers (Lee et al., 2002; Tsang, 2020; Wang 

et al., 2020). Prac>cing public speaking in a safe environment, such as VR, could reduce public 

speaking anxiety, as revealed by Botella et al. (2000). However, as Norsworthy et al. (2021) stated, a 

nega>ve rela>onship can exist between the flow dimensions and anxiety generally. This could 

poten>ally mean that immediate feedback might cause higher states of anxiety, which could 

influence performance. Inves>ga>ng this aspect could expand exis>ng research on public speaking 

anxiety, exploring the modera>ng factor of flow between immediate feedback and public speaking 

anxiety. 

Conclusion 

 To conclude, the current study expands on research outcomes on the experience of flow and 

effectiveness of (formative) feedback timing, by investigating the effect of immediate versus delayed 

feedback on voice usage in VR public speaking training. Results revealed that immediate and delayed 

feedback both contribute to improving voice usage elements, whereas delayed feedback has a 

stronger impact. Moreover, immediate feedback negatively affects the flow experience, causing 

lower levels of absorption, effortless control, and intrinsic reward. Despite a weaker experience of 



 48 

flow, immediate feedback led to greater improvements in filler words and appropriate use of 

inserted pauses compared to the delayed feedback condition in the second presentation. This insight 

reveals that while researchers (e.g., Schüler, 2007; Engeser & Rheinberg, 2008; Barthelmäs & Keller, 

2020)  state that the experience of flow can affect performance, the results of this study do not 

provide empirical support. Concretely, the current study offers relevant insights for educators and VR 

developers to enhance the learning experience of the speaker in VR. They can critically question the 

effectiveness of immediate feedback and might favor delayed feedback to improve voice usage skills. 

Moreover, strategies such as “sparse feedback” could be developed, potentially reducing the 

distractive nature of immediate feedback. 
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Appendices  

Appendix A: Adjusted Voice Use Rubric 

 

Voice Use Rubric 
Presenta(on skills consist of several elements, including, for example, posture, eye contact, and voice use. A rubric has been 
developed for the la=er, focusing on the categories of intona(on, ar(cula(on, speaking speed, inserted pauses, and use of 
filler words. Each category is rated with grades 1 to 10, where 1 is absent and 10 is excellent.  
 
To provide comprehensive guidelines for scoring the categories, each grade has been explained. It is important to note that 
these explana(ons serve as a framework and may not encompass all the criteria within each category. During the evalua(on 
of presenta(ons, these explana(ons are intended as general guidelines rather than exhaus(ve descrip(ons. 
 

Category Intona4on 
Here the varia(on of the pitch of the voice while speaking is examined. The use of intona(on allows the audience to 
organize informa(on. A ques(on or a statement can be represented by intona(on. When asking a ques(on, the voice oJen 
rises (upward inflexion). In addi(on, the speaker uses intona(on to convey his emo(ons and aNtude towards the 
informa(on provided. The speaker will lower his voice when he wants to emphasize specific informa(on to the audience 
(downward inflexion). The more enthusias(c the speaker is, the greater the intona(on. When assessing intona(on, a 
dis(nc(on is made between the varia(on of intona(on and the appropriate use of intona(on in the sentence or context.  
 
Varia4on of Intona4on 
Listen for: changes in pitch throughout the presenta2on and enthusiasm of the speaker.  
 

 
Appropriate use of intona4on 
Listen for: whether the intona2on fits the sentence or context.  
 
For example, the appropriate use of intona(on is rated excellent (10) if the pitch goes up at the end of the sentence if the 
speaker asks a ques(on during the presenta(on, and when the pitch goes down at the end of the sentence when the 
speaker wants to emphasize specific informa(on.  
 

1 
Absent 

Incorrect intona+on 
throughout the 
presenta+on. 

 

2 
Failure 

Mostly incorrect 
intona+on, correct use 
of intona+on is minor, 

rare, and barely 
no+ceable. Speaker 

uses upward and 
downward inflexion 

wrong. 

3 
Poor 

Frequently incorrect 
intona+on: very few 

correct uses of upward 
and downward 

inflexion. 

4 
Insufficient 

Occasional incorrect 
uses of intona+on: the 
correct use of upward 

and downward 
inflexion is infrequent 

and minor. 

5 
Mediocre 

Moderate correct uses of 
intona+on: the applica+on 

of the correct use of 
intona+on is inconsistent 

and slightly more incorrect. 

6 
Sufficient 

Generally correct 
intona+on with 

occasional mistakes in 

7 
Sa=sfactory 

Mostly correct 
intona+on: any errors 

8 
Good 

Correct intona+on 
throughout the 

9 
Very good 

Intona+on is almost 
always correct: 

effec+vely enhances 

10 
Excellent 

Intona+on is consistently 
correct and highly effec+ve: 

always matching the 

1 
Absent 

No varia+on in pitch: 
the speaker speaks 

monotonously. 
 

2 
Failure 

The varia+on in pitch is 
minor, rare, and barely 
no+ceable, with a near-

monotone delivery. 

3 
Poor 

There are very few 
varia+ons in pitch, 

with a near-monotone 
delivery. 

4 
Insufficient 

Occasional varia+on in 
pitch: the speaker 

aJempts to vary tone, 
but the varia+on is 

infrequent and minor.  

5 
Mediocre 

Moderate varia+on in 
pitch: the speaker varies 
tone inconsistently and 

speaks slightly more 
monotonously than 

engaging. 
6 

Sufficient 
General varia+on in 
pitch: The speaker 

varies tone sufficiently 
maintaining a 

reasonable level of 
interest, occasionally 
speaking monotone. 

7 
Sa=sfactory 

Good varia+on in pitch: 
The speaker’s tone 

varia+on contributes to 
the presenta+on 

engagement, with 
infrequent moments of 
speaking monotonously. 

8 
Good 

Good varia+on in 
pitch: the speaker 

effec+vely uses tone 
changes, with very few 
moments of speaking 

monotonously. 

9 
Very good 

Very good varia+on in 
pitch throughout the 

presenta+on the 
speaker’s tone changes 

are highly engaging.  

10 
Excellent 

There is excellent varia+on 
in pitch: the speaker 
consistently employs 

dynamic and engaging 
pitch changes, with no 

areas needing 
improvement. 
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using upward and 
downward inflexion. 

are infrequent and 
minor. 

presenta+on: very few 
mistakes. 

the clarity and 
emphasis of the 

content. Mistakes are 
very rare and minor. 

sentence structure and 
context, with no areas 
needing improvement. 

 
 

Category Ar4cula4on  
Ar(cula(on is the clear pronuncia(on of words in a sentence. Each syllable of a word is pronounced clearly. As a result, the 
speaker can be understood clearly and does not mumble. 
 
Clear Pronuncia4on of Words 
Listen for: clear pronuncia2on of words. 
 

1 
Absent 

Words are unclear 
and mumbled: 

speaker is 
unintelligible. 

 

2 
Failure 

Pronuncia+on is very 
unclear: most words 

are difficult to 
understand due to 

persistent mumbling or 
misar+cula+on. 

3 
Poor 

Many words are unclear, 
very few can be 

understood frequent 
mumbling or 

misar+cula+on makes it 
oPen hard to 

understand the speaker. 

4 
Insufficient 

Some unclear words, 
with only occasional 

instances where words 
can be understood, but 

these are infrequent 
and minor. Some+mes 
it is hard to understand 

the speaker. 

5 
Mediocre 

Generally clear 
pronuncia+on, some 

instances of mumbling. The 
speech is somewhat 

understandable. 

6 
Sufficient 

Pronuncia+on is 
mostly clear: most 

words can be 
understood, minor 

mumbling some+mes 
affects 

comprehensibility. 

7 
Sa=sfactory 

Clear pronuncia+on 
with infrequent and 

minor unclear words. 

8 
Good 

The pronuncia+on is 
clear and mostly 

precise, making the 
speech easy to 

understand. Very few 
mistakes occur. 

9 
Very good 

The pronuncia+on is 
very clear and precise, 
mistakes are very rare 
and minor: the speech 
is easy to understand. 

10 
Excellent 

The pronuncia+on is 
consistently excep+onally 
clear and precise, making 
the speech very easy to 

understand, with no areas 
needing improvement. 

 
Category Speed 

When assessing speed, a dis(nc(on is made between the varia(on of speed and the appropriate use of speed in the 
presenta(on. 
 
Varia4on in Speed 
Listen for: the speaker varies in speed: then fast then slow again. 
 

1 
Absent 

No varia+on in 
speed: the speaker 

maintains a constant 
fast or slow pace 
throughout the 
presenta+on. 

 

2 
Failure 

The varia+on in speed is 
minimal and barely 
no+ceable, with a 

nearly uniform pace 
throughout. 

3 
Poor 

The varia+on in speed 
is limited: the speaker 

changes pace a few 
+mes throughout the 

presenta+on. 

4 
Insufficient 
The speaker 

demonstrates some 
varia+on in speed: 
however, the pace 

remains mostly 
consistent with only 

slight, infrequent 
changes. 

5 
Mediocre 

There is moderate varia+on 
in speed: the speaker 

changes pace inconsistently, 
maintaining the same pace 

slightly more oPen than 
changing it. 

6 
Sufficient 

The speaker exhibits 
adequate varia+on in 

speed: there are 
no+ceable changes in 

pace, though they 
may not be 
consistently 
executed.  

7 
Sa=sfactory 
The speaker 

demonstrates varia+on 
in speed: changes in 

pace are more frequent. 

8 
Good 

The varia+on in speed 
is good: the speaker 

effec+vely u+lizes 
changes in pace. 

9 
Very good 

Very good varia+on in 
speed: the speaker’s 

changes in pace are very 
no+ceable and dynamic. 

10 
Excellent 

The varia+on in speed is 
excellent: the speaker 
consistently employs 

dynamic and engaging 
changes in pace throughout 

the presenta+on, with no 
areas needing 
improvement. 

 
 
Appropriate Use of Speed 
Appropriate use of speed considers whether the speed fits the context.  
 
Listen for: If the speaker aims to provide the informa2on, he speaks faster and if the speaker intends to make the audience 
think he speaks more slowly. 
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1 
Absent 

The speaking speed is 
incorrect throughout 

the presenta+on, 
failing to align with 

the content and 
context. 

2 
Failure 

The speaking speed is 
predominantly 

incorrect, with only rare 
instances of correct use, 
oPen leading to rushed 

delivery. 

3 
Poor 

The speaking speed is 
frequently incorrect, 
with very few correct 

uses. 

4 
Insufficient 

The speaker exhibits 
several incorrect uses 

of speed, with 
occasional instances of 

correct use. 

5 
Mediocre 

There are slightly more 
incorrect applica+ons of 
speed use, correct use is 

inconsistent. 

6 
Sufficient 

The speaking speed 
applica+on is slightly 
more correct, with 
occasional errors. 

7 
Sa=sfactory 

The speaking speed is 
mostly correct: any 

errors are infrequent 
and minor. 

8 
Good 

The speaking speed is 
correct throughout the 

presenta+on, with 
very few mistakes. 

9 
Very good 

The speaking speed is 
almost always correct 

throughout the 
presenta+on. Mistakes 

are very rare. 

10 
Excellent 

The speaking speed is 
consistently correct and 

highly effec+ve, aligning with 
the content and context, with 

no areas needing 
improvement. 

 
Category pauses 

The "pauses" category considers whether the speaker inserts pauses during his presenta(on. Pauses can, for example, be 
inserted to emphasize certain words or phrases to allow the audience to absorb the informa(on provided.  
 
Appropriate Use of Inserted Pauses 
It is assessed whether the inserted pauses are applied appropriately. For example, inserted pauses are rated excellent (10) 
when the speaker takes small “breathing pauses” aJer comple(ng a sentence, when the speaker takes a longer pause aJer 
changing to a topic, and when the speaker emphasizes certain words or phrases to give the audience a chance to absorb the 
informa(on. Pauses can also be inserted because the speaker is searching for words, for example, using a filler word such as 
‘ah’ or ‘uhm’. Such a pause can interrupt the flow of a presenta(on and this pause is then not considered appropriate.  
 
Listen for: appropriate and strategic use of pauses (e.g. speaker is not searching for words or is using filler words when 
inser2ng a pause). 
 

1 
Absent 

The speaker does not 
pause appropriately. 
(e.g. does not pause 
aPer a sentence or 
when changing a 

topic. Pauses are due 
to using filler words) 

2 
Failure 

Pauses are minor, rare, 
and barely no+ceable, 

making the 
presenta+on hard to 
follow. The speaker 

inserts pauses mainly to 
search for words or use 

filler words. 

3 
Poor 

The speaker pauses a 
very few +mes 
throughout the 

presenta+on. Pauses 
can oPen result from 
searching for words 

and using filler words. 

4 
Insufficient 

The speaker exhibits 
several incorrect uses of 
pauses, with occasional 
instances of correct use. 
Pauses are oPen due to 
searching for words and 

using filler words. Parts of 
the presenta+on are hard 

to follow. 

5 
Mediocre 

There are some correct 
uses of pauses, the 

applica+on is inconsistent. 
S+ll, most pauses can result 

from searching for words 
and using filler words. 

Some parts of the 
presenta+on are s+ll hard 

to follow. 
6 

Sufficient 
The speaker exhibits 

sufficient use of 
pauses but with 
some room for 

improvement in 
+ming and frequency. 
Occasionally, pauses 
result from searching 
for words, and filler 

words. 

7 
Sa=sfactory 
The speaker 

demonstrates good use 
of pauses aPer 

changing a sentence or 
topic. There are s+ll 
minor errors where 
addi+onal pauses 

should be inserted, or 
where filler words 
should be avoided. 

8 
Good 

The use of pauses is 
good aPer changing a 

sentence or topic, 
enhancing the clarity 
of the presenta+on, 
with only very few 

areas for 
improvement. 

9 
Very good 

The use of pauses is very 
good, consistently used 

throughout the 
presenta+on, with almost 

perfect +ming and 
frequency. Areas for 

improvement are rare 
and minor. 

10 
Excellent 

The use of pauses is 
excellent, the speaker 

always takes small 
breathing pauses aPer 

comple+ng a sentence and 
longer pauses aPer 

changing a topic. No areas 
need improvement. 
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Category Filler Words 

The speaker uses words, which fill the silence during a presenta(on. These words interrupt the flow of the presenta(on. 
With frequent use of filler words, it becomes difficult for the audience to follow the speaker, which makes it uncomfortable 
for the audience as well. For example, the speaker uses sounds like 'uhm', 'ah', click sounds, doubles words or uses 
meaningless words, e.g., 'like', 'I mean'. In this category, the fewer filler words used, the be=er the score. 
 
Frequency of Filler Words 
Listen for: the frequency of filler words (e.g. “uh”, “uhm”, “yes”, “and”, “so”) 
 

1 
Absent 

The speaker uses more 
than 17 filler words per 

minute. 

2 
Failure 

The speaker uses 15-16 
filler words per minute. 

3 
Poor 

The speaker uses 13-
14 filler words per 

minute. 

4 
Insufficient 

The speaker uses 11-12 
filler words per minute. 

5 
Mediocre 

The speaker uses 9-10 
filler words per minute. 

6 
Sufficient 

The speaker uses 7-8 
filler words per minute. 

7 
Sa=sfactory 

The speaker uses 5-6 
filler words per minute. 

8 
Good 

The speaker uses 3-4 
filler words per 

minute. 

9 
Very good 

The speaker uses 1-2 
filler words per minute. 

10 
Excellent 

The speaker uses no filler 
words. 
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Appendix B: Voice Use Rubric 

 

Presenta>on skills consist of several elements, including, for example, posture, eye contact and voice 

use. A rubric has been developed for the laoer, focusing on the categories of intona>on, ar>cula>on, 

speaking speed, volume, inserted pauses, and use of filler words. Each category is rated with grades 1 

to 10, where 1 is absent and 10 is excellent.  

  

Category 

IntonaHon:  

Here the varia>on of the pitch of the voice while speaking is examined. The use of intona>on allows 

the audience to organise informa>on. A ques>on or a statement can be represented by intona>on. 

When asking a ques>on, the voice ohen rises (upward inflexion). In addi>on, the speaker uses 

intona>on to convey his emo>ons and artude towards the informa>on provided. The speaker will 

lower his voice when he wants to emphasise specific informa>on to the audience (downward 

inflexion). The more enthusias>c the speaker is, the greater the intona>on. When assessing 

intona>on, a dis>nc>on is made between the varia>on of intona>on and the appropriate use of 

intona>on in the sentence or context.  

  

Varia>on of intona>on is rated excellent (10) if the speaker varies the pitch throughout his 

presenta>on. The speaker is given an absent (1) if no varia>on in pitch can be heard. The speaker in 

this case speaks monotonously. 

  

Appropriate use of intona>on considers whether the intona>on fits the sentence or context. For 

example, if the speaker asks a ques>on, the intona>on goes up at the end of the sentence. If the 

intona>on is applied incorrectly during the presenta>on, then the use is rated absent (1), if the 

intona>on is applied correctly throughout the presenta>on, then this category is rated excellent (10). 

  

Varia>on of intona>on: 

1 

Absent 

2 

Failur

e 

3 

Poo

r 

4 

Insufficien

t 

5 

Mediocr

e 

6 

Sufficien

t 

7 

Sa>sfactor

y 

8 

Goo

d 

9 

Very 

goo

d 

10 

       Excellent 

  

Appropriate use of intona>on 



 63 

1 

Abse

nt 

2 

Failur

e 

3 

Poo

r 

4 

Insufficien

t 

5 

Mediocr

e 

6 

Sufficien

t 

7 

Sa>sfactor

y 

8 

Goo

d 

9 

Very 

goo

d 

10 

       Excellent 

  

ArHculaHon  

Ar>cula>on is the clear pronuncia>on of words in a sentence. Each syllable of a word is pronounced 

clearly. As a result, the speaker can be understood clearly and does not mumble. 

1 

Abse

nt 

2 

Failur

e 

3 

Poo

r 

4 

Insufficien

t 

5 

Mediocr

e 

6 

Sufficien

t 

7 

Sa>sfactor

y 

8 

Goo

d 

9 

Very 

goo

d 

10 

       Excellent 

Speed:  

When assessing speed, a dis>nc>on is made between the varia>on of speed and the appropriate use 

of speed in the presenta>on. 

  

During the presenta>on, it is no>ceable that the speaker varies in speed; then fast then slow again. 

Appropriate use of speed considers whether the speed fits the context. If the speaker aims to provide 

the informa>on, he speaks faster and if the speaker intends to make the audience think he speaks 

more slowly. 

  

Varia>on of the speed 

1 

Abse

nt 

2 

Failur

e 

3 

Poo

r 

4 

Insufficien

t 

5 

Mediocr

e 

6 

Sufficien

t 

7 

Sa>sfactor

y 

8 

Goo

d 

9 

Very 

goo

d 

10 

       Excellent 

  

Appropriate use of the speed 

1 

Abse

nt 

2 

Failur

e 

3 

Poo

r 

4 

Insufficien

t 

5 

Mediocr

e 

6 

Sufficien

t 

7 

Sa>sfactor

y 

8 

Goo

d 

9 

Very 

goo

d 

10 

       Excellent 

  

Volume:  
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Volume is assessed as whether it is used appropriately. For example, if the speaker talks about 

whispering, it is appropriate to lower the voice volume. 

  

Appropriate use of the volume 

1 

Abse

nt 

2 

Failur

e 

3 

Poo

r 

4 

Insufficien

t 

5 

Mediocr

e 

6 

Sufficien

t 

7 

Sa>sfactor

y 

8 

Goo

d 

9 

Very 

goo

d 

10 

       Excellent 

  

Pauses:  

The "pauses" category considers whether the speaker inserts pauses during his presenta>on. Pauses 

can, for example, be inserted to emphasise certain words or phrases to give the audience a chance to 

absorb the informa>on provided.  

It is further assessed whether these inserted pauses are applied appropriately. Pauses can also be 

inserted because the speaker is searching for words, for example. Such a pause can interrupt the flow 

of a presenta>on and this pause is then not considered appropriate. 

  

Inserted pauses 

1 

Abse

nt 

2 

Failur

e 

3 

Poo

r 

4 

Insufficien

t 

5 

Mediocr

e 

6 

Sufficien

t 

7 

Sa>sfactor

y 

8 

Goo

d 

9 

Very 

goo

d 

10 

       Excellent 

  

  

  

  

Appropriate use of the pauses 

1 

Abse

nt 

2 

Failur

e 

3 

Poo

r 

4 

Insufficien

t 

5 

Mediocr

e 

6 

Sufficien

t 

7 

Sa>sfactor

y 

8 

Goo

d 

9 

Very 

goo

d 

10 

       Excellent 

  

  

Filler words: 
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The speaker uses words, which fill the silence during a presenta>on. These words interrupt the flow of 

the presenta>on. With frequent use of filler words, it becomes difficult for the audience to follow the 

speaker, which makes it uncomfortable for the audience as well. For example, the speaker uses 

sounds like 'uhm', 'ah', click sounds, doubles words or uses meaningless words, e.g., 'like', 'I mean'. In 

this category, the fewer filler words used, the beoer the score. 

  

Use of filler words 

1 

Abse

nt 

2 

Failur

e 

3 

Poo

r 

4 

Insufficien

t 

5 

Mediocr

e 

6 

Sufficien

t 

7 

Sa>sfactor

y 

8 

Goo

d 

9 

Very 

goo

d 

10 

       Excellent 
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Appendix C: Flow QuesHonnaire 

 

 

 

Dutch-translated QuesHonnaire 
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