








Figure 2: Interview rooms 1 (smart speaker) and 2 (Pepper robot)

4. Analysis

We analyzed the collected data in four stages. In the
first stage, we calculated the average note of baseline
questions of the willingness to adopt five ecological
habits. We hypothesized that the high average note in-
dicated that the habit is already adopted among partici-
pants, and we can not expect significant changes in par-
ticipants’ answers after nudging. Similarly, the lower
average note and the difference of notes for the same
question between groups indicate that participants have
not gotten into this habit yet, and we expect changes in
their answers after nudging. In addition, if the average
note is slow, it may mean that this habit is too compli-
cated to adapt in everyday life, or that the participant
does not agree in one way or another with proposed be-
havior, so nudges are not so effective to influence the
behavior for this habit.

For the second and the third stages, we firstly measured
the delta between the note after nudging and the note
to the same baseline question. Secondly, we calculated
the standard deviation and the mean of the delta mea-
sures. The standard deviation values indicate if there is
a lot of disparity in answers after nudging. The higher
the value is, the more people change their minds dur-
ing this experiment. The mean values show in what di-
rection participants’ answers have been changed. The
negative mean value shows that participants decreased
their notes in general, and the positive mean value
shows that participants increased their average notes.
We used these measures for our further analysis. Thus,
we determined the difference of influence between two
kinds of nudges, regardless of the group’s agent. In
the same way, we compared the same values for each
agent, regardless of the polarity of nudges. The analy-
sis in the third stage was focused on the question “what
combination of agent and nudges is the most influential
for each sentence?”.

The final stage compared the participants’ willingness
to pay more money for environmentally-friendly prod-
ucts and spend more time participating in ecological
projects.

4.1. Baseline Questions

Figure 3 shows the distribution of the average note
on baseline questions among participants of 6 groups.
As a reminder, baseline questions investigated partici-
pants’ willingness to form five ecological habits. We
observed that participants gave the highest notes to
question four about train preference for traveling in
France. The second highest notes were given to the
question of the tote-bags use. Nevertheless, there is a
gap of more than one point between the average note
of the group of the smart-speaker agent with negative
influence and the group of the human agent with nega-
tive influence. Consequently, we can presume that the
nudge within this group might be more effective than
in other groups. The other three questions: 3 - the use
of electric vehicle, 5 - the meat substitution, and 1 -
self-made cleaning products (from highest to lowest)
received a similar average note. Among these subjects,
the question on the use of electric cars had the most di-
verse answers, with the lowest average note within the
group of the human agent with negative influence and
the highest note within the group of the human agent
with positive influence. The average notes for question
one on homemade cleaning products are almost iden-
tical for all groups except for the group of the human
agent with positive influence, which gave a higher av-
erage note. For the question on the substitution of meat
groups of the robot agent with negative influence and
the smart-speaker agent, participants gave the lower
average note than the groups of the robot agent with
positive influence and of the human agent. Consider-
ing these observations and our hypothesis, we presume
that participants might be influenced mainly by nudges
on electric cars and less influenced on other subjects
with the least influential the subject of the preference
of trains.

4.2. Overall Analysis of Degree of Nudges’
Influence

This section investigates what kind of nudges is more
influential for each question regardless of the conversa-
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Figure 3: The average note of answers on baseline questions. PosInf - a subgroup in which participants mostly re-
ceived positive information about five ecological habits, Neglnf - a subgroup in which participants mostly received

negative information about five ecological habits.

tional agent. To answer this question, we calculated the
standard deviation and the mean values for the delta be-
tween notes after nudging and before nudging for ques-
tions with positive influence and questions with nega-
tive influence. The results are shown in Table 2.
Overall, for the first, third, and fifth questions, the
nudges with positive information seem to influence
more participants and to a more significant positive de-
gree than the nudge with negative influence. The same
tendency is observed for the fourth question, but par-
ticipants decreased their notes for both nudges with
positive and negative influences. However, the nudge
with a positive influence made participants more re-
duce their notes than the nudge with a negative influ-
ence. It seems that the nudge with negative influence
affects more people for the question of the tote-bags
use. Besides, the nudge with positive influence forced
to change participants’ minds to a greater degree.
Comparison of all standard deviation and mean values
of all questions shows that the nudge with positive in-
formation affected more participants and, to a greater
degree. It confirms our observation of answers to base-
line questions.

4.3. Overall Analysis of Degree of Agents’
Influence

This analysis step aims to observe the importance of
the influence of different agents regardless of the kind
of nudges used. Since the mean metrics of the delta
indicates the polarity of changes in average notes, we
cannot use it or this step. Therefore, our analysis is
based only on standard deviation values of the delta,
which can be found in Table 3.

We observe that the human agent influenced more par-
ticipants for the first, fourth, and fifth questions than
other agents. The robot agent convinced more parties
in the second question and the smart-speaker agent in
the third question.

The greatest values of standard deviation for all ques-
tions are observed for the smart-speaker agent the ques-
tion on the electric car use and for the robot agent for
the question of tote-bags. The latter observation con-
tradicts our presumption after analysis of answers to
baseline questions. Provided that, a detailed analysis
for each group of agents for each kind of nudges is re-
quired.

4083



Group | Q1-SD \ Q1-M Q2-SD \ Q2-M | Q3-SD \ Q3-M | Q4-SD \ Q4-M | Q5-SD \ Q5-M
Theme | Cleaning products Tote bags Electric cars Train Vegetarianism
PosInf | 1.09 0.36 1.64 -0.08 | 1.23 0.52 0.31 -0.02 | 0.83 0.13
NegInf | 0.9 0.24 1.08 -0.16 -0.03 | 0.5 -0.13 | 0.63 -0.06

Table 2: Standard deviation and mean values of delta for groups of positive influence and negative influence
regardless of agent. SD stands for Standard Deviation, M is for Mean. PosInf - a subgroup in which participants
mostly received positive information about five ecological habits, Neglnf - a subgroup in which participants mostly
received negative information about five ecological habits. Text in blue indicates questions with positive influence
and text in red designates questions with negative influence.

Group Q1 Q2 Q3 Q4 Q5
Human 1.18 | 1.25 | 0.77 | 0.49 | 1.15
Smart- 094 | 1.04 | 1.42 | 043 | 0.68
Speaker

Robot 099 | 142 | 1.21 | 043 | 0.52

Table 3: Standard deviation values of the delta for three
groups of agents regardless the type of nudge.

4.4. Detailed Analysis of Combined Nudges
and Agent Influence

This section examines the potential influence of combi-
nations of agents and types of nudges. We have forty-
nine participants for this data collection, so there are
only a few participants in each subgroup. Therefore the
following observations are just tendencies found within
these participants. We planned other data collections to
confirm or deny these tendencies.

For this step, as for the previous, we calculated stan-
dard deviation and mean metrics for the delta between
answers after and before nudging for six groups (three
agents x two types of nudges).

Standard deviation values indicate that the nudge with
negative influence produced by the human agent af-
fected more participants for the first question about
self-made cleaning products, but interestingly the aver-
age note after this nudge increased by one point. Indeed
the group of smart-speaker with the negative influence
decreased the average note for the first question. Con-
versely, the nudge with positive influence produced by
the robot agent and the smart-speaker had more impact
on participants than the nudge with negative influence
for the first question. Among all agents, robot increased
the most the average note for the question of self-made
cleaning products with the positive influence.

The nudge with negative information made by the robot
agent has the highest value of standard deviation met-
rics for the second question about the frequency of tote-
bags’ use. Specifically, the nudge with negative influ-
ence produced by the robot agent and the smart-speaker
impacted more participants than the nudge with posi-
tive influence by the same agents. Moreover, the aver-
age note after the nudge with negative influence by the
smart-speaker decreased by 1.29 points. For the same

question with positive information, the human agent
influenced more participants and to the greater degree
than other agents.

For the third question on the possibility of the future
use of electric cars, the nudge with positive information
by all of the three agents convinced more parties than
the nudge with negative information, with the high-
est score made by the smart-speaker. However, par-
ticipants increased their notes more after the human
agent produced the nudge with positive influence and
decreased more after the nudge with negative influence
by the robot Pepper.

As predicted, nudges presenting positive and negative
outcomes of traveling in France by train (question 4)
impacted the least on participants’ answers. For in-
stance, the average note was not affected after the
nudge with negative information by the robot agent
and the nudge with positive information by the human.
However, more participants changed their notes after
the nudge with negative influence by the robot and the
nudge with positive influence by the smart-speaker.
Similar to reactions to the third question, for the fifth
question on reduction of meat consumption, all agents’
nudge with positive information affected more partic-
ipants than the nudge with negative information. The
nudge with the both polarities produced by the human
seemed to influence the most.

Four nudges with negative information (for the second
question by the smart speaker, for the third question by
the robot agent, for the fourth and the fifth questions by
human) influenced participants negatively.

4.5. Changes in General Level of
Involvement

For recalling, after the step where participants were
nudged, conversational agents asked about willingness
to spend more time and money on ecological problems.
Answers on these questions were annotated 0" for
”No” (”No, I do not want to spend more time/money on
ecological problems”) and ”1” for ”Yes” (”Yes, I want
to spend more time and money on ecological prob-
lems”). We then calculated the mean value for partici-
pants from all groups with more positive influence and
participants from all groups with more negative influ-
ence.

Before the experience, we had presumed that partici-
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Group QI-SD [ QI-M [ Q2-SD | Q2-M [ Q3-SD | Q3-M [ Q4-SD | Q4-M [ Q5-SD [ Q5-M
Theme Cleaning products Tote bags Electric cars Train Vegetarianism
robot -

PosInf 1.23 0.46 1.89 0.29 0.42 0 0 0.53 -0.13
robot -

NegInf 0.53 0.06 0.33 0.11 1.03 -0.25 0.63 -0.2 0.52 0.1
human -

PosInf 0.52 0.33 0.8 0.58 0.82 0.67 0.4 -0.17 0.98 0.83
human -

NegInf 1.52 1 1.62 0.43 0.69 0.14 0.58 0 0.76 -0.71
smart-

speaker 1.29 0.21 1.11 -1.29 1.51 0.57 0.49 0.08 0.89 -0.1

- PosInf

smart-

speaker 0.45 -0.07 0.87 -0.5 1.37 -0.07 0.38 -0.14 0.49 0.29
- NeglInf

Table 4: Standard deviation and mean values of delta for the combination of agents and nudges. SD stands for
Standard Deviation, M is for Mean. PosInf - a subgroup in which participants mostly received positive information
about five ecological habits, Neglnf - a subgroup in which participants mostly received negative information about
five ecological habits. Text in blue indicates questions with positive influence and text in red designates questions

with negative influence.

Group Time | Money
PosInf 0.68 | 0.83
NeglInf 0.78 | 0.82

Table 5: The mean value of willingness to spend more
time and money on ecological problems. PosInf - a
subgroup in which participants mostly received posi-
tive information about five ecological habits, Neglnf -
a subgroup in which participants mostly received neg-
ative information about five ecological habits.

pants who received more positive information would
be more willing to invest more time and money than
the group that received more negative influence. The
results shown in Table 5 demonstrate that our hypothe-
sis seems false. Participants from the group with more
negative influence were willing to spend more time
on ecological problems than participants from other
groups. Interestingly, the participants from both groups
were ready to invest more money than time in ecologi-
cal problems.

5. Future Work

One of the future steps for this research is making a cor-
relation between results of the personality test passed
by participants and their reaction to nudges. Specif-
ically, we are interested in character features as ex-
traversion, neuroticism, and agreeableness.

The second recording session is planned for April 2022
at the same place. The main goal of this recording is to
balance participants’ distribution in terms of sex and
age for every group. With these data, we will be able to
compare the difference of reactions to nudges between

participants of two groups of age (under and over 45
years old) and between women and men.

This corpus is created as a part of a PhD thesis, which
aims to build a model of automatic recognition of
nudges in the speech by analyzing alignment at lin-
guistic, paralinguistic, and emotional levels between a
conversational agent and a participant (Kalashnikova,
2021). Therefore, collected data will be annotated on
emotional states and analyzed at these three levels. An-
notation on emotional states will show how nudges had
influenced participants’ mood during the experience.
This information along with the results of personality
test will be our first steps towards description of a per-
son likely to be influenced.

As for future modification of methodology for this
study, several studies (Tasoff and Letzler, 2014; [Luo et
al., 2021) show that the most effective nudge to adopt
a new habit is its simplification. The participants of
our study suggested the same opinion. They mentioned
that they did not follow some habits because of lack
of time and the complexity of the task. Thus, one of
the future directions for the study of the influence of
nudges with positive influence and nudges with nega-
tive influence might be making suggestions on how to
make these habits more simple (positive influence) and
more complicated (negative influence).

In addition, another review (Adams et al., 2015)
demonstrates that most studies aimed to change be-
havior focus on the reflective mind, whereas strategies
based on the automatic mind seem to be more effective
for this task. The nudges used in our study appeal to the
reflective mind, motivating to reflect about long-term
consequences. In further studies, we may use nudges
that are designed to trigger the automatic mind.
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Finally, nudges representing positive and negative con-
sequences of ecological habits in the nearest future or
even in the present may be used. We assume that this
kind of nudges may be more relevant to steer partici-
pants to and from adopting an ecological habit, since
people suffer from adopting a behavior which conse-
quences are long-term or hypothetical (Caraban et al.,
2019).

From the point of view of the ethical-philosophical axis
of this research, both the data collected and presented
here, as well as those to be collected during the April
2022 session, will be interpreted with particular atten-
tion to the annotated emotional states, with the aim of
better understanding the role of the rhetoric of affects
and emotions in nudge.

Furthermore, once the hypothesis is verified that by
simplifying the behaviors at which the nudge aims and
by acting on the automatic rather than the reflexive
mind, the nudge becomes more effective, the ethical
analysis will reflect on which nudge remains more eth-
ical. This will imply reasoning about the overriding
moral question of whether the outcome of induced be-
havior for good or avoiding evil is ethically preferable
to the autonomous but fallible decision. It will be con-
sidered whether the nudge that appeals to the reflexive
mind can be understood as an aid to the stimulation of
decision-making capabilities, which, however, retain a
space of freedom and autonomy, whereas the nudge di-
rected at the automatic mind would be considered only
manipulative.

6. Conclusion

This study presents the methodology of corpus design
to study the difference of influence of types of nudges
and different conversational agents in spoken interac-
tions. We compared the influence potential of the Pep-
per robot, a Google Home with the voice of the robot
Pepper, and the human agent. The tendencies might be
different for conversational agents with other settings
(voice, form, etc). As for types of nudges, we used
“nudges with a positive influence” which demonstrated
positive outcomes of ecological habits, and “nudges
with negative influence” which showed negative out-
comes of the same habits. We organized the record-
ing session of two days in the College des Bernardins
in Paris, France. Forty-nine participants were divided
into six groups (3 conversational agents x 2 types of
nudges).

The analysis provided in Section 4 showed that par-
ticipants were mainly influenced by the nudges with
positive influence. Nudges with negative influence de-
creased participants’ note of willingness to adopt an
ecological habit. Due to the limited size of our sam-
ple, we cannot conclude the influence of the previous
questions on the note of the current question. There-
fore, during another data collection session in April
2022 we recorded other conditions where only positive
and only negative information was presented to partici-

pants. The difference of reaction to nudges in these two
conditions (only positive & only negative vs. mostly
positive & mostly negative) will be analyzed in our fu-
ture research.

We observed another tendency within this experience.
Regardless of the polarity of nudge that the partici-
pants received, they were willing to spend more money
than time on ecological problems. Moreover, more par-
ticipants from the group with negative influence were
ready to spend more time than participants from the
group with positive influence. We presume that it may
be due to their willingness to compensate for the harm-
ful effects of ecological habits.

This paper focuses on the methodology for data col-
lection. The presented analysis confirmed that partic-
ipants reacted differently to conversational agents and
the polarity of nudges. In general, our experiment’s
early results suggest that a machine agent can influence
participants to the same degree as a human agent. Data
collected from other recording sessions will enable fu-
ture research based on statistical analysis to compare
the degree of influence of different agents and nudges.
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