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Abstract: Previous work has identified a considerable role of the facilitator of crea-
tivity workshops; in this study, we investigate to what extent the observable differ-
ences between facilitators can be attributed to facilitators' speaking style. Specifically,
we study the effects of pitch range. That pitch range may have an influence on listeners'
creativity can be expected from the fact that it is associated with higher engagement.
In order to eliminate effects of speaker personality, we use a robotic facilitator. In an
online questionnaire, videos of a robot provided the participants with the necessary
instructions on a creativity task, where the pre-synthesized speech of the robot was
manipulated globally concerning pitch range. Dependent variables were the original-
ity, fluency, flexibility and degree of elaboration of participants' ideas, as well as their
subjective ratings of the robot facilitator. The results show significantly higher facili-
tator ratings and creativity-task performances in connection with the robot that used
the larger pitch range. We discuss our results in terms practical applications and further
relevant voice features.

1 Introduction

Previous work has identified a considerable role of the facilitator of creativity workshops, yet
usually the observable differences between facilitators are attributed to aspects of confidence,
team leadership and process management skills as well as of knowledge of creativity tools,
rather than speaking style, see, for example, [1]. At the same time, previous work has docu-
mented that speaking style has an effect on persuasion [2-3] and on student performance [4-6],
and thus it is possible that speaking style, and not (just) the traits mentioned above, influences
the extent to which people perform in creativity tasks. In order to eliminate effects of the facil-
itator's personality, we use a robotic facilitator, which ensures that participants are exposed to
identical stimuli, with the exception of the robot's speaking style, the independent variable un-
der consideration.

That speaking style is likely to have an influence on participants' creativity was found by
Fucinato et al. [7], yet that study used several different prosodic manipulations at the same time.
Specifically, they investigated the effects of a voice that had a larger pitch range, more accented
words and a lower center of gravity than the other voice. While the study’s results suggest that
style has an effect on participants' creativity, it does not allow us to identify what exactly the
effect is due to. In the current study, we therefore concentrate on only a single prosodic feature.
That pitch range may have an influence on listeners' creativity can be expected from the fact
that it is associated with higher engagement [6]. Our hypothesis is therefore that an increased
pitch range has a significant influence on the number and originality of participants' ideas.

2 Previous Work

Previous work concerns findings on the role of characteristics of the respective facilitator on
participants' performance in creativity tasks; prior work on the effects on pitch range on listen-
ers' performance; and prior studies on robots facilitating creativity.
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2.1 The Role of Facilitator Characteristics in Creativity Tasks

That creativity workshop facilitators may vary in the extent to which they encourage workshop
participants to be creative has already been addressed by Wallgren [1], who interviewed thirty-
seven facilitators with respect to their own perceptions of success criteria for creative problem
solving. The characteristics of a good facilitator suggested include leadership skills, the ability
to include the right people and to involve them in the right way, the knowledge of tools to lead
the dynamic process and of tools to encourage creativity. That is, the skills characteristic of a
good creative problem-solving facilitator concern group leadership, process management and
knowledge of a large range of supporting tools and methods, as well as some people skills;
speech characteristics are not mentioned. However, more recently, Stewart [8, p.436] identified
very similar facilitator characteristics, yet including "very clear verbal communication with
good use of words, language and tone" as an important facilitator characteristic. While she does
not get more specific than this, it is unlikely that she actually refers to speech characteristics.

Johnsson et al. [9] suggest that a facilitator should have experience in practical innovation
work in accordance with the uncertain innovation process, be socially competent, opportunity
driven, and flexible; and be able to establish trust. Another feature was put forth by Wrobel et
al. [10], who argue that neutrality is central to creativity facilitation, and that impartiality, equi-
distance and fairness are three important dimensions of neutrality and apply to the facilitator's
attitude towards the people, the process and the product alike.

Johnsson [11] carried out a long-term ethnographic study of the practices in three design
teams, including interviews. He finds that the relevance of certain facilitator characteristics dif-
fers depending on the phase in the innovation process. However, among the 40 characteristics
he identified, none concerns the facilitators' speech characteristics.

2.2 The Effects of Pitch Range on Listener Performance

Pitch range is a prosodic feature which has been associated with charismatic speech (e.g. [2]),
and it is one of the prosodic features that were identified as core characteristics of charismatic
speech, for example, by Strangert & Gustafson [12] and Niebuhr & Skarnitzl [13].

In experimental studies using robots, pitch range was one of the speech characteristics used
by Fischer et al. [3] to make robots more persuasive and by Fischer et al. [5] to influence learner
performance. In particular, Fischer et al. [3] found that if a robot uses charismatic speech, which
comprises higher pitch range as well as a raised average pitch level, pause duration, number of
high-pitched and emphatic accents, number of hesitations, as well as differences in tempo and
energy level (cf. [14-15]), people followed the robot's suggestions more. Fischer et al. [5] used
the same kinds of manipulations to employ robots with a charismatic speaking style when
providing the instructions to a prosodic production task; the results of this study show that lan-
guage learners produce significantly more accurate utterances when previously instructed by a
robot that uses charismatic speech, which comprises an increased pitch range. However, these
studies used a broad range of prosodic manipulations, and thus the effects cannot be attributed
to the increased pitch range alone.

2.3 Robots as Creativity Facilitators

Lubart et al. [16] argue that robots are not only generally well suited as creativity workshop
facilitators, but also much more suited than computers, due to the fact that robots are embodied
and share the context with the creativity team. Correspondingly, Kahn et al. [17] found that a
robot creativity facilitator is more effective than the same encouragement delivered by an in-
teractive PowerPoint presentation.
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Hu et al. [18] and Alves-Olivera et al. [19] studied the effects of social behaviors by robots
when serving as creativity facilitators, and both studies report an increased effect of the degree
of sociality displayed by the robot on the extent to which people are creative. Ali et al. [20]
study the effects of a robot facilitator across three different creativity tasks and show that a
robot that demonstrates creativity itself is more effective in eliciting creativity in children than
a robot that only tries to elicit creativity from the children. Thus, the robot facilitator's behavior
has an impact on the extent to which children are creative.

In our own work [7], we had a robot lead teams of students through a creativity task, in
one condition with a charismatic voice and in the other with a not so charismatic voice. The
results show a clear effect of the robot's speech characteristics such that the more charismatic
robot elicits more original, more flexible and more elaborate ideas. However, since several dif-
ferent speech manipulations were carried out, we do not know which speech characteristics the
effects found are due to.

To conclude, robots may be principally suited to function as creativity facilitators, yet little
work has addressed facilitator characteristics beyond basic behaviors like using social cues or
exhibiting creativity itself. At the same time, the robot's speech characteristics may be expected
to have an influence on participants' creativity, yet what causes these effects is as yet unknown.

3 Methods

The study was carried out based on an online survey system with a between-subject design. We
created an online questionnaire in which a robot guided the participants through a creativity
task. Videos of the robot provided the participants with the necessary instructions. In the videos
in one condition, the robot's synthesized speech was manipulated globally with praat [21] to
increase the pitch range of the robot's utterances, whereas in the other, the pitch range of the
same synthesized robot utterances was decreased.

3.1 Procedure

Figure 1 - The robot during the instructions for the brainstorming phase 1.

Embedded in a questionnaire, the participants carried out a creativity task, about which they
were instructed by a robot using a synthesized voice that exhibited either high or low pitch
range. The creativity task used is visual synectics [22], a creativity technique in which partici-
pants first collect associations concerning a visual stimulus and use those associations then to
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brainstorm about solutions for a novel product (cf. [23]). The task consists of two phases: one
brainstorming phase in which an image serves as source of inspiration, and a second phase in
which the participants apply the ideas from the first phase to create a new product.

The image used for the association task shows a tropical beach - while the choice of the
visual stimulus can be random and has no direct impact on the results, we chose the beach to
evoke positive associations. The innovation task then was to invent a new type of chocolate, in
accordance with the example discussed in Brem & Brem [23], since most people like chocolate
and have some experience with it.

Participants saw two videos! of a small humanoid robot, the JD Humanoid from EZ-robots
(see Figures 1 and 2), in which the robot first introduces the visual association task and then the
product innovation task. In both conditions, the same two videos were used, yet the robot voices
associated with the videos differed according to condition, i.e. with respect to the extent of the
pitch range. In addition, participants were asked about their age and gender. After the creativity
task, participants were also asked to rate the robot with respect to measures related to speaker
charisma and some additional questions (see below).

Figure 2 - The robot during the instructions for the innovation phase 2.

3.2 Stimuli

For the stimuli, first two texts by means of which the robot instructed the participants to carry
out first the association task and then the innovation task were created:

These instructions were synthesized using the free text-to-speech system wideo.co, voice
Jack Bailey (US). This voice simulates a male voice and uses a slight US American accent.

The pitch range of the robot's synthesized utterances were then manipulated in Praat [21]
by expanding and reducing the pitch range of the original synthesized file by 40%. We used an
overall manipulation only in order to make the manipulation as objective as possible and to
keep our own contribution as small as possible. In this way, two versions of the robot's instruc-
tions were created, which differed only with respect to the pitch range of the robot's voice. The
voice with the narrowed pitch range extends from 81 to 180 Hz and thereby spans about one

! Condition 1 video 1: https://youtu.be/8SQBAn6leswk
Condition 1 video 2: https://youtu.be/uo5SFnCR-AtY
Condition 2 video 1: https://youtu.be/QWvCHEhJAcM
Condition 2 video 2: https://youtu.be/IAZefvCeUFo
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octave, i.e. 12 semitones, which is typical of matter-of-fact read speech in Western Germanic
languages (cf. [24]). In contrast, the voice with the enlarged range extends from 101 to 294 Hz,
which corresponds to about 1.5 octaves or 18-19 semitones and which was found to be typical
for charismatic speech, for instance, of Steve Jobs or Benjamin Netanyahu (cf. [15], [25]).
These two manipulation conditions are henceforth referred to as ‘narrow range’ and ‘large
range’ and constitute the independent variable in our experiment.

The resulting audio files were then connected to two robot videos, one for the first task and
one for the second, in which the robot used some co-speech gestures. Furthermore, in the first
video (see Figure 1), the robot points to an image and provides some example attributes, while
in the second video (see Figure 2), it gestures towards an innovative product based on those
attributes. Thus, both videos are identical across the two conditions, with the only difference
being the pitch range of the robot's voice in these videos.

The images used as stimuli for the creativity tasks are then different from those the robot
uses, namely an image of a beach for the brainstorming task and an image of chocolate for the
innovative product.

3.3 Questionnaire

A questionnaire was used to elicit some demographic information about the participants (age
and gender). Furthermore, participants were asked to rate the robot in 7-point Likert scales
according to the following attributes: enthusiastic, charming, convincing, engaging, boring,
passionate, self-confident, uninspiring, and charismatic. These attributes had been found to be
revealing in previous work on charismatic speech styles ([3], [5-6]).

In addition, we asked participants to rate themselves concerning the extent to which they
perceived themselves to have been carried away by the task, were motivated to do a good job,
were involved in the task and felt full of energy on a 7-point Likert scale. These questions were
meant to give us an idea of the extent to which participants may have reached a flow state and
felt engaged in the task.

3.4 Participants

Participants were recruited via the crowdsourcing platform Prolific and randomly and automat-
ically assigned to one of the two conditions. Participants were paid 0.88£ for their participation,
which lasted 7 minutes on average. The recruitment criteria were that participants were a) native
speakers of English, to ensure that participants had no problems understanding the robot and
the instructions, and b) being located in the US, to ensure that participants were familiar with
the US American accent of the robot's voice. We also requested a gender-balanced sample.
Correspondingly, 25 of the 5o participants identified as female, 25 as male, and none as other.
They were on average 36.5 years old, with an age range between 19 and 78. This age range and
gender distribution is typical for studies using crowdsourcing methodologies (cf. [26]).

53 participants were recruited, and their answers in the creativity tasks were checked for
validity. 22 participants in one condition and 28 in the other condition had faithfully addressed
the association and the innovation tasks (i.e. produced more than 3 ideas), leaving 50 partici-
pants whose data were included in the analysis.

3.5 Data Analysis

For the data analysis, we analyzed participants' associations to the picture and their product
ideas based on Guilford's [27] categories of divergent thinking. This means that we coded the
data according to four measures: Fluency, Flexibility, Originality, and Elaboration. Fluency
concerns the quantity of ideas a participant generates, i.e. the number of ideas provided. In
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contrast, flexibility is the number of different categories of relevant responses, i.e. the range of
categories covered by the ideas. For instance, if there were two categories identified, the flexi-
bility score would be 2. Originality is the relative novelty and uniqueness of each answer. To
calculate originality scores, each response is compared to the total amount of responses from
all participants. Responses that were given by only 1% of all participants are considered unique
(1 point). Responses that were only given by that particular participant are considered one of a
kind (2 points). Thus, higher total scores indicate more original thinking. Elaboration is the
amount of detail in the responses. For example, "a blue chocolate" equals 0 points, but "a blue
chocolate wearing sunglasses" would be 1 point. An additional point was given for any further
details provided, such as what the chocolate tastes like or details in the design.

As the first step toward coding the data, the questionnaire results were downloaded into an
excel file. Then, all the responses of the 50 participants who had successfully completed the
survey were recorded and sorted according to the condition — i.e., decreased / increased pitch
range — they were in. Next, for each participant, we omitted the repeated answer items and
counted the number of their remaining ideas to calculate their fluency. Then, to measure flexi-
bility, their responses were categorized into different groups and then the number of categories
for each participant was counted. To illustrate how categorizations were done, the terms swim-
ming, snorkeling, partying, and dancing were placed in ‘activities’ category and the words
warm, hot, tropical and sunny were considered to belong in the ‘weather’ group. As for the
third scoring criterion, we measured the originality of the responses according to the uniqueness
of the ideas produced. For example, the word fropical was mentioned by at least 18 participants,
so it was considered as a frequent word that led to no score. However, the term Jack Sparrow
was stated by a single participant and hence regarded as unique. Finally, to measure elaboration,
we investigated the amount of detail in participant’s answers. For instance, the response ‘white
chocolate’” was regarded as having not much detail, whereas the idea ‘Chocolate-covered ba-
nana chips’ bore more detail, leading us to allocate a score of zero and one to them, respectively.
The response ‘Island chocolate - made using cacao beans from the island, with a refreshing and
fruity flavor’ was considered detailed and received a score of three.

As for the statistical analysis of the data, we used a conservative multivariate Kruskal-
Wallis test to analyze the dataset whose individual variables did not consistently show a normal
distribution or met the assumption of homoscedasticity. In addition, a linear discriminant anal-
ysis (LDA) was conducted to determine the degree to which we can predict the participants’
questionnaire ratings and creativity performances in the two pitch-range conditions, ‘narrow
range’ and ‘large range’.

4 Results

Results show a clear advantage of the ‘large range’ over the ‘narrow range’ condition, see Fig-
ure 3. That is, the robot that moderated the two creativity tasks with about 1.5 octaves (18
semitones) instead of just a single octave (12 semitones) in between the lowest and highest pitch
values in its utterances was rated by the participants to sound significantly more enthusiastic
(H[1]=4.27, p=0.03) and more charismatic (H[1]=4.65, p=0.02). Additionally, participants who
received the instruction from that robot provided higher self-assessment scores on the “I felt
full of energy” scale (H[1]=4.11, p=0.05).

More importantly, we also see differences in the actual creativity task performances as a
function of the pitch range used by the robot. Compared to the participants who did the creativ-
ity tasks based on the ‘narrow range’ instructions, the participants who received their instruc-
tions from the ‘large range’ robot produced higher levels of Flexibility (H[1]=4.14, p=0.04) and
Elaboration (H[1]=3.99, p=0.05) in the association (i.e. brainstorming) task as well as a higher
level of Originality in the innovation (product-creation) task (H[1]=3.96, p=0.05).
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Figure 3 - Summary of significant differences (narrow vs large) in the questionnaire ratings.

More specifically, we see in Figure 4 that it was actually only the large-range condition that
generated a significant amount of original product ideas at all. In the narrow-range condition,
the originality level was practically 0, i.e. there were almost no unique or one-of-a-kind ideas
within the sample of participants. The range of ideas (Flexibility) was also significantly lower
in the narrow-range condition and, with some participants showing the minimum value of 1. A
similar pattern emerged for the elaboration performance. The amount of additionally specified
details on the product idea was close to 0 in the narrow-range condition, while many participants
in the large-range condition invested the extra effort to substantiate their ideas with details. The
latter finding fits with the statement “I felt full of energy”, which participants in the large-range
condition subscribed to to a greater extent than participants in the narrow-range condition. Thus,
to sum up, the difference generated by the robot’s intonation does not only concern different
degrees of creativity, but rather the difference between the presence or absence of creativity.
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Figure 4 - Summary of significant differences (narrow vs large) in task performance.
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In line with the clear results obtained from the multivariate Kruskal-Wallis test, the LDA
also came out significant (discriminant function: Eigenvalue=1.56, canonical correlation=0.78,
Wilks-Lambda=0.40, y*[21]=34.46, p=0.03). That is, based on both the ratings and the task-
performance indicators, it was possible to significantly predict whether a participant was a
member of the narrow-range or the large-rage sample. The ratio of correct predictions was
90.1% for the large-range condition and 92.9% in the narrow-range condition, which is obvi-
ously considerably above the 50% chance level threshold in a two-condition setup. Only two
participants in each condition were misassigned to the other respective condition. In addition to
the significant dependent variables presented above, the LDA’s prediction performance also
benefited greatly (in terms of the standardized canonical discriminant coefficients) from the
motivation ratings, which were on average lower in the narrow-range than in the large-range
condition.

5 Discussion

In this study, we set out to explore whether a robotic creativity facilitator's speaking style has
an impact on people's creativity and engagement. We tested the speaker's pitch range because
previous work suggests that it may be related to listener engagement and speaker charisma. The
results show that this simple global manipulation of the robot's synthesized utterances has a
significant effect on how the robot is perceived, how energetic participants rate themselves and
how original, flexible and elaborate their ideas are - even though the robot's contributions were
only presented to the participants in prerecorded videos. Given the non-interactive nature of the
stimuli and the restricted role of the robot during the task, these results are truly surprising.
While Fucinato et al. [7] found similar results in a similar scenario, their study employed several
different prosodic manipulations; that pitch range alone has such a strong effect is therefore
remarkable. The effect found may be related to listeners' heightened engagement in the task, as
evidenced by their self-reports on higher energy levels, which then led to higher performance.

The experiment was carried out in an online questionnaire format with participants re-
cruited through a crowdsourcing platform. This situation is probably quite different from more
common creativity workshop scenarios. However, given that the typical creativity workshop
would rather involve more, and more responsive, contributions by the facilitator than in the
current scenario, one may expect that the effect may even be more pronounced in such a context.
We do not know, however, how long such an effect may last; the task investigated in the current
scenario took only a few minutes. Future work will have to show whether the effect of speaking
style on creativity wears off over time.

We can conclude that a facilitator's pitch range has a considerable influence on people's
creativity in activities like the visual synectics task.
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