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Abstract— The inexorable progress of technology brought
forth an era where robots increasingly integrate into human
life which necessitates the understanding of human-robot in-
teractions (HRI). This study unravels the details of HRI within
interactive storytelling contexts. Through a between-subject
experiment with 28 participants, we assessed response latency
and utterance lengths to interactive story narrations delivered
by either a human or a robot. Findings indicated that partic-
ipants displayed longer response latency interacting with the
robot narrator while articulating shorter utterances compared
to the human condition where participants displayed longer
utterances and shorter response latency. These observations
suggest significant differences in cognitive and communicative
strategies in human-human versus human-robot interactions.
The results underscore the challenges and potential of designing
social robots that are time-sensitive in interacting with humans.
Future explorations should focus on the cognitive and emotional
drivers behind these interactions.

I. INTRODUCTION

As robots become commonplace in sectors where they
interact with the general population, such as customer ser-
vice and education, the complexities of social human-robot
interaction (HRI) intensify due to the deeply personal and
dynamic nature of the interaction. Hence, deeper explo-
ration is necessary to better understand the nuances between
human-robot interactions and how they may differ or be
similar to human-human interactions so we may better design
robots for their intended roles and activities in society [1],
[2]. Storytelling stands out as one such intrinsically human
activity that is being performed by robots, which prompts
significant inquiries regarding human engagement, cognitive
processing, and emotional connectivity [3], [4].

Understanding the details of HRIs necessitates empirical
measurement that can evaluate detailed aspects of the in-
teraction. A primary measurement tool that has consistently
emerged in this context is “response latency”. As evidenced
by studies like [5] and [6], response latency has served as
a tool to measure human cognitive burden and engagement
levels in HRI. Findings in [5] shed light on how variations
in robotic actions, like retraction response time, can signifi-
cantly influence interaction forces with human participation,
which shows that the underlying human reaction times play a
pivotal role in HRI. Similarly, [6] further extended the utility
of response latency to measure cognitive burden in spatial
communication with robots, thereby offering deeper insights
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into cognitive processing in HRI in different interactive
contexts.

Although the field of HRI has flourished with the design of
robots emulating human-like interactions [7], [8], there exists
a research gap. While contemporary studies have explored
the multifaceted applications of robots across fields such as
education or healthcare [9], [10], they often overlook the
nuanced dynamics of human-robot interactions that require
collaborative content generation such as within an interactive
storytelling context. Storytelling contexts, in particular, are
distinctive as they encapsulate deeply human experiences,
emotions, and cognitive processes. Exploring interactions
in interactive storytelling contexts is crucial since it can
uncover how robots might be integrated into roles that require
not just functional efficacy but also profound interactive
and creative understanding. However, these crucial aspects
of HRI, especially within storytelling scenarios, remained
largely unexplored [11], [12].

Examining interactant responses generated through inter-
active storytelling gives us the chance to delve into the
participants’ cognitive realm and how robots and humans
could build successful HRI. Such an investigation can not
only advance our understanding of the limits and potential
of human-robot communication but also guide the design of
robots for social interactions [13], [14]. Drawing together
these multifaceted considerations, a clear yet uncharted in-
tersection emerges at the confluence of human-robot interac-
tion, interactive storytelling, and cognitive processing. The
pressing inquiry that surfaces is: In what ways do robot
narrators, mirroring human nuances, impact our engagement
in interactive stories and our cognitive processing? With
these pivotal questions at the forefront, this research aims
to bridge this knowledge gap through the following research
questions.

The specific research questions (RQs) addressed in this
paper include:

RQ1: Does the presence of a robot narrator increase re-
sponse latency in participants compared to a human
narrator?

Do participants provide longer verbal utterances
when interacting with a human narrator compared
to a robot narrator?

RQ2:

II. RELATED WORKS

A central concern in HRI studies has been understanding
human response latency in interactive social contexts and
its adaptability to robot behaviors. Studies that centralized
response latency have been conducted in social and physical
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HRI settings. For instance, [5] explored human-to-robot
handovers, finding that variations in robot behavior, such
as grasp method and retraction speed, considerably affected
interaction forces. Crucially, this study revealed that human
reaction time, approximately 150 ms for haptic stimuli,
played a pivotal role in influencing these forces. The faster
retraction speed led to almost double the retraction force,
emphasizing the need to modulate and limit retraction speeds
and underscoring the importance of considering human re-
sponse time in designing efficient HRI [5].

Similarly, [6] delved into spatial communication, prob-
ing if robots are perceived as human-like social partners.
The study utilized response latency as a tool to assess
cognitive processing, discerning that speakers exhibited in-
creased response latency when required to describe from
the addressee’s perspective. This pivotal finding implies that
response latency is a vital metric in understanding cognitive
burden in HRI and could significantly influence robot design
to minimize the cognitive load on humans and set the ground
for well-balanced HRI interactions.

Moreover, researchers in [15] demonstrated that robots
could even facilitate human language production during a
joint picture naming task. The study utilized naming response
latency as a reflection of response time, revealing that co-
naming with a robot led to faster naming latency. Such
findings indicated the robots’ potential to improve spoken
language, especially in educational and clinical settings.
However, not just adults, but even children’s interaction with
robots displayed the significance of response latency. In [16],
the potential of robots in collaborative storytelling with
children was explored. The study showed that longer exper-
imenter latency correlated with a slower yield of meaningful
content in storytelling. Such findings support the necessity
of timely responses to ensure efficient and meaningful HRI
interaction, especially in an educational context where chil-
dren’s cognitive processing is engaged for learning purposes.

Furthermore, the research in [17] uncovered the nuances
of human perception and interaction with robots that mimic
human features. Through the lens of social attention, the
study illuminated the dynamics of how the appearance
and motion of an agent, robotic or human, can influence
implicit social attention. Interestingly, agents with human-
like attributes proved more effective in capturing attention,
highlighting their inherent social relevance. Such measure-
ment of response times in this research further emphasized
the importance of an in-depth understanding of human-robot
interactions. Such insights are pivotal, suggesting that when
designing robots with a lifelike attribute, there’s a heightened
possibility of evoking human-like responses which set the
ground for deeper HRI studies.

Researchers in [18] delved into the details of social infor-
mation processing in HRI, discovering that both robots and
humans provoked similar degrees of recognition memory.
In this context, response latency was not just a peripheral
metric but a central one. By ensuring that every participant
had an equal chance to view the stimuli, the role of re-
sponse latency became pivotal in affirming the robustness

of the study’s outcomes. This highlights the importance of
understanding response latency when evaluating humans’
cognitive processes during interactions with robots compared
to humans. The research in [19], followed the same line
and emphasized the importance of reaction and response
latency in determining the naturalness and efficiency of
interactions in human-robot teams. Their findings suggest
that human-robot collaborations might inherently possess
longer response times. This not only supports the indispens-
able nature of these latency metrics but also alludes to the
potential challenges that might be revealed when optimizing
human-robot team dynamics. Such insights amplify the need
for research which delves into the details of response latency,
to enhance the understanding and performance of human-
robot interactions.

In their exploration of robot adaptability in short-term
engagements, [20] utilized response latency as a measure
of game move performance. This demonstrated the robot’s
adaptability while highlighting how response latency offers
insights into the efficiency of human-robot interactions. The
study’s ramifications were profound, indicating that with the
right adjustments, robots can be smoothly integrated into
real-world scenarios, to serve a myriad of user demographics.
The importance of latency metrics, as highlighted in this
research, further motivates the need for our investigation into
the impact of narrator types on response latency in interactive
storytelling.

The literature robustly supports the significance of re-
sponse latency in HRI across diverse contexts, from han-
dovers to storytelling to game moves. This cumulative knowl-
edge supports the crucial importance of exploring the impact
of narrator type (robot vs. human) on response latency in
interactive storytelling. As highlighted in [5], [6], under-
standing human response times and cognitive processing is
pivotal in optimizing HRI in a social context. By examining
the role of robot narrators in interactive storytelling, this
research bridges the gap between the technical and cogni-
tive aspects of HRI, which facilitates the design of robots
that can both function effectively and engage with users
smoothly. Storytelling, as a deeply human activity, offers a
unique platform to assess the details of human engagement,
cognitive processing, and emotional connectivity with non-
human entities [11], [12]. In the evolving landscape of
HRI, where robots are steadily making inroads into sectors
like education and therapeutic interventions [9], [10], [21]-
[23], there’s a pressing need to understand their potential
and efficacy as narrators in interactive storytelling. Current
literature and research in response latency, while invaluable,
do not necessarily cater to the unique challenges and nu-
ances presented by the domain of interactive storytelling.
Understanding robots’ challenges and efficacy as narrators
can revolutionize their integration in the field. Robots that
can engage audiences interactively, while accounting for
cognitive processing times, can lead to enhanced learning
outcomes and therapeutic benefits. Moreover, this research
can inform the development of robots for contexts requiring
effective interactions or time-sensitive responses, such as
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elderly care or mental health interventions. Therefore, by
merging the realms of cognitive processing and robotic narra-
tion, this research has the potential to provide a vivid picture
of response latency in HRI interaction in an interactive
storytelling context.

III. HRI AND INTERACTIVE STORYTELLING

To investigate the HRI in interactive storytelling envi-
ronments, we focus on two theoretical perspectives: Social
Presence Theory and Cognitive Processing Theory. These
frameworks offer individual insights pertinent to our research
questions and, when combined, provide a comprehensive lens
to uncover the relationship between cognitive processing and
social interaction in our study’s context.

A. Social Presence Theory

The Social Presence Theory, stemming from the research
of [24], suggests that the perception of another party’s
presence in a mediated communication environment impacts
communication. This perceived “’presence” isn’t just about
physical existence; it delves into the realms of emotional and
psychological availability and acknowledgment, determining
how authentic or genuine an entity appears to the partici-
pant and attends the conversation. Given our first research
question, which probes the difference in response latency
between robot and human narrators, the Social Presence
Theory becomes pivotal. If individuals perceive a robot
narrator as having a genuine presence, their engagement
levels, emotional responses, and ultimately their response
latency could mirror interactions with a human narrator. Con-
versely, different perceptions of robot presence compared to
humans might result in discernible differences in interaction
dynamics.

B. Cognitive Processing Theory

Cognitive Processing Theory, as delineated by [25], re-
volves around the mechanisms by which information is
received, internalized, and responded to. It delves into the
depth and type of processing, asserting that the manner
of cognitive engagement influences memory and response
behaviors including response latency. Two facets of our
research are directly illuminated by this theory. Firstly, when
participants are exposed to interactive stories, which are
narrated by two different agents (human vs. robot), could
lead to participants’ different cognitive processing in terms
of processing time to articulate responses and the length of
their responses. Secondly, the use of prosody, a rhythmic and
melodic element, in storytelling could influence cognitive
processing. As participants process these auditory cues, it
might affect the immediacy and nature of their responses,
thereby influencing response latency.

C. Integrated Perspective

By integrating the insights from both Social Presence
and Cognitive Processing theories, we achieve a holistic
framework. This combined perspective allows us to explore
how social perceptions of the narrator (robot vs. human)

shape participants’ response latency and their utterances’
length. This integrative approach ensures our exploration
delves deeply into individual cognitive processing nuances
while also broadly covering the social dynamics of human-
robot interactions.

Grounded on these theories for this exploratory study our
working hypotheses (WHs) are:

WHI1: Participants’ response latency when the story is
narrated by a robot would be significantly higher
compared to when it is narrated by a human.

WH2: The length of participants’ utterances (responses)
when the story is narrated by a human would be
significantly higher compared to when it is narrated
by a robot.

IV. EXPERIMENTAL DESIGN

To address the research questions and evaluate the hy-
potheses, we conducted an exploratory analysis of data we
collected from a study presented in [13] that focused on
investigating human backchanneling behaviors in response
to human-robot interactions and human-human interactions.
Informed by Social Presence and Cognitive Processing Theo-
ries, in this exploratory analysis we focused on investigating
the effects of human vs. robot narrator type on listener
response latency and utterance length during an human-robot
interactive storytelling scenario.

A. Interactive Storytelling

An interactive storytelling scenario was crafted to create
a platform where participants could actively engage in the
interaction, taking on roles as both listeners and contributors
to the narrative. This was achieved by enabling participants
to influence the story’s direction through making choices,
from a set of provided options, on how they would like the
character to respond to an event.

Two interactive narratives were created, one evoking
happiness and the other sadness, with participants making
choices that influenced the story’s incidents. The happy
narrative featured a linguistic professor’s comical attempts
to teach a foreign language, leading to a positive outcome
despite his lack of fluency. In the sad narrative, participants
guided a veterinary science professor in rehabilitating an
injured dog named Lacy, forming a close bond that ended in
heartbreak when the professor couldn’t keep Lacy. Narrative
lengths varied from 8 to 15 minutes based on participant
engagement. For more details on the interactive stories
see [13].

B. Experimental Setup

The narrator for the human condition was a 20-year-
old American female researcher who was a native English
speaker. Figure 1 illustrates the presence of the human
narrator on the right side of the figure, with the participant
situated on the left.

In the robot narrator condition, a Furhat social robot (Fig-
ure 2) was employed, and it was operated remotely by a
researcher using a customized Wizard of Oz (WoZ) interface
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Fig. 1. Experimental setup for the human narrator condition

Fig. 2.

WoZ and the experimental setup for the robot narrator condition

to narrate the story. The teleoperator had the ability to
observe the interaction through a one-way mirror located in
an adjacent room, as depicted in Figure 2.

1) Furhat Social Robot: The Furhat robot incorporates
”blended embodiment,” which involves projecting a human-
like face onto a physical mask at the back of its head for
lifelike facial expressions and natural eye gaze. It mimics
human head movements with an anatomically inspired neck
design. Furhat’s hardware includes a wide-angle camera, two
microphones, and a built-in speaker. It can seamlessly switch
between different faces and masks, offering voice options
like Amazon Polly (what we used in this experiment), and
the Acapela Group. In terms of human-like appearance, it
scores 63.43 on the ABOT database, surpassing robots like
NAO (45.92) and Pepper (42.17) despite lacking arms and
legs (as per [26]).

C. Procedure

This study was approved by the Oakland University In-
stitutional Review Board (IRB) under #IRB-FY2022-103.
For this experiment, 28 participants (14 individuals per
condition) were recruited. There were 15 male and 13 female
participants, with an average age of approximately 30 years.

Participants received a briefing before starting the experi-
ment in another room, where they provided written informed
consent and filled out a demographic and technology experi-
ence questionnaire. They were then guided to the room with
the narrator and presented with the first narrative. Participants
had a short break between the narrators’ conditions and the

second story was then started. Notably, a printed copy of the
story was placed on a desk in front of the narrators during the
storytelling sessions. To ensure consistency in both narrator
conditions, the human narrator was permitted to refer to an
iPad with the story manuscript, as memorization of the entire
interactive story was not feasible. It is worth mentioning
that, to maintain consistency between conditions, the robot
narrator was programmed to mimic the action of reading
from a printed manuscript at the same points as the human
narrator.

D. Data Collection, Coding, and Analysis

All interactive story interactions were video recorded using
two cameras. One video camera provided a close-up view of
the participant’s upper body and the second camera faced the
narrator’s body.'

To code the participants’ response latency, their recorded
videos were converted into audio files and Transkreptor?
was employed as a tool to transcribe the interactions with
the the exact time (seconds) that each interactant initiated
speaking. The time that each speaker spent interactively
answering the robot and the human narrators’ questions was
exported as an Excel file for further analysis. Following
Tausczik and Pennebaker’s approach [27] for calculating
the number of words in each utterance, we counted each
participant’s number of words that were articulated to answer
the questions during the interactive storytelling conditions.
Overall, we analyzed 28 participants’ response latency and
the number of words in each utterance.

We evaluated our hypotheses using an independent sam-
ples t-test where the independent variable was the narrator
type (i.e., human or robot) while the dependent variables
were response latency measured in seconds, and the utterance
length measured by the number of words used by participants
during their turns to speak. The normality of the data was
assessed using Shapiro-Wilk’s test before conducting the t-
tests. Both dependent variables were normally distributed.

V. RESULTS AND DISCUSSION

The result of our study is depicted in Figures 3 and 4. Re-
garding the first hypothesis, the average time of the response
latency for the robot narrator condition (i = 4.11, o0 = 0.48)
was higher than the human narrator condition (u = 3.68,
o = 0.58), and this difference was significant (£(26) = 2.14,
p = 0.021). The calculated effect size (Cohen’s d) for the
comparison of the response latency is approximately 0.80.
This effect size suggests a large effect size in response
latency between the robot and human narrator conditions.
A power of 0.66 suggests that with this effect size, this
study has a reasonable chance of detecting a significant
difference in response latency between the robot and human
narrators. Considering this result, the first hypothesis would
be accepted.

IDatasets can be made available upon request from the corresponding
author.

Zhttps://transkriptor.com
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These findings provide crucial insights into the HRI in-
teraction dynamism, particularly in the context of interactive
storytelling. The independent sample t-test results revealed
significant differences in response latency between partic-
ipants engaging with robot narrators compared to those
interacting with human narrators. Specifically, participants
in the robot condition exhibited longer response latencies.
This aligns with the previous findings that emphasize the im-
portance of understanding human response time in HRI [5].
They also stressed how variations in robot behavior could
considerably affect human interaction dynamics, suggesting
that the nature of robotic narrators in our study might have
influenced the extended response latency observed.

Moreover, studies like [6] highlighted the role of response
latency in measuring cognitive load in spatial communica-
tion, suggesting that longer response latencies could indicate
increased cognitive burden. The extended response latency
observed in our robot condition might imply a higher cog-
nitive burden on participants when engaging with robot nar-
rators. This parallels the cognitive response behaviors [25].
Considering the details dynamics of human engagement,
cognitive processing, and emotional connectivity, our find-
ings emphasize the profound potential and challenges of HRI
in interactive storytelling [11], [12].

For the second hypothesis, the average word count of the

participants’ utterances (responses) during the robot narrator
condition (4 = 119.71, ¢ = 33.93) was lower than the
human narrator condition (¢ = 188.71, ¢ = 78.50), and
this difference was significant (£(26) = -3.01, p = 0.003).
The calculated effect size (Cohen’s d) for the comparison
of the utterance (response) length is approximately 1.141.
This effect size suggests a moderately large difference in the
length of utterances between the robot and human narrator
conditions. Considering this effect size, a power of 0.9
suggests that this study has a high probability of detecting
a significant difference in the utterance length between
the robot and human narrators which accepts our second
hypothesis.

Our results highlight that humans produce longer utter-
ances with a human narrator compared to a robot narrator.
This variance in speech length could be indicative of the
cognitive processing differences between human-human and
human-robot interactions. In [6] a possible framework was
provided for understanding this difference. In their investiga-
tion into spatial communication, they assessed participants’
cognitive burden during interaction with the robot. Such
cognitive loading could potentially lead to shorter, more
concise utterances when dealing with robots, as seen in our
study.

Taken together, our findings present a detailed picture
of human cognitive processing in the context of interactive
storytelling sessions presented by robot vs human narrators.
The longer response latency, but shorter utterance length ob-
served in the robot condition, stands in sharp contrast to the
shorter response latency but longer utterances in the human
condition. This discrepancy reveals the differential cognitive
load of individuals when faced with human versus robot
interlocutors. The current literature, such as the work of [5]
reinforces the importance of such observations, emphasizing
the critical role of response latency in understanding and
optimizing human-robot interactions. The balance between
the social perceptions of the narrator, as discussed in the
Social Presence Theory, and cognitive processing details,
as posited by the Cognitive Processing Theory, shape the
interactions in the storytelling settings. As robots continue
to integrate into domains like education and therapeutic
interventions, understanding their efficacy and challenges as
narrators are paramount [9], [10].

On the implication side, the findings of this study un-
derscore the intricate relationship between Social Presence
and Cognitive Processing theories in the context of human-
robot interactions during interactive storytelling. The ob-
served longer response latencies and shorter utterances in
interactions with a robot narrator suggest that enhancing
the human likeness of robots could potentially decrease
the interactant’s cognitive load, which could lead to shorter
response latency and lead to lengthier responses. This would
have the potential to improve the communication quality
between humans and robots. Hence, these insights potentially
call for a robot that is equipped with more sophisticated,
human-like features to convey the same presence impression
on interactants as a human narrator does. Future research
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should further investigate the nuances of this relationship,
exploring how varying degrees of the robot’s human likeness
impact cognitive processing and social presence in different
interactive scenarios. This could pave the way for more
personalized and effective human-robot interaction strategies
in educational, therapeutic, and entertainment domains.
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