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ABSTRACT

Knocking sounds are highly meaningful everyday sounds.
There exist many ways of knocking, expressing important
information about the state of the person knocking and
their relationship with the other side of the door. In me-
dia production, knocking sounds are important storytelling
devices: they allow transitions to new scenes and create
expectations in the audience. Despite this important role,
knocking sounds have rarely been the focus of research.
In this study, we create a data set of knocking actions per-
formed with different emotional intentions. We then ver-
ify, through a listening test, whether these emotional inten-
tions are perceived through listening to sound alone. Fi-
nally, we perform an acoustic analysis of the experimental
data set to identify whether emotion-specific acoustic pat-
terns emerge. The results show that emotional intentions
are correctly perceived for some emotions. Additionally,
the emerging emotion-specific acoustic patterns confirm,
at least in part, findings from previous research in speech
and music performance.

1. INTRODUCTION

Knocking sounds are extremely common in our everyday
lives. They are also an important storytelling tool in film,
games, theatre, VR, and other media. In this context they
are often used as sound transitions to new scenes or to new
twists and turns in the story. When we knock, we com-
municate with the people behind the door. We are often
“asking” whether we can enter, if we can open the door, or
if they can open the door. The way we knock says whether
we feel entitled to enter, or if we are worried about enter-
ing. There are even knocking patterns, developed within
cultures, which are commonly understood in those con-
texts. Knocking sounds therefore tell us about the person
knocking on the door, about the relationship between the
person knocking and the person behind the door, as well
as create expectations in the listener. In everyday life, and
in audiovisual media, there is a lot of contextual informa-
tion that contributes to our ability to interpret the meaning
and the emotional content of a knocking sound. This study
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aims to explore to what extent we can perceive an intended
emotion from the knocking sound alone. Furthermore, fol-
lowing an acoustic analysis of the knocking sounds utilised
in this study, we hypothesise which acoustic cues might
contribute to the perception of emotions in these sounds.

2. BACKGROUND

2.1 Basic Emotions

The emotions studied in this research are part of a group
called basic emotions (fear, anger, sadness, happiness, sur-
prise and disgust). Basic emotions are considered to be
fundamentally different from each other, and to be the root
of more complex or compounded emotions [1]. Anger, for
instance, could produce hot fury or cold annoyance. Ad-
ditionally, it is thought that basic emotions have evolved
from the need to deal with fundamental life tasks: “the pri-
mary function of emotion is to mobilise the organism to
deal quickly with important interpersonal encounters, pre-
pared to do so by what types of activity have been adap-
tive in the past” [2, p. 171]. Many studies that aim to un-
veil how we perceive emotions through sound (for example
through speech or music) have focused, at least initially, on
basic emotions as the clear differences in the nature of the
emotions might produce quite marked responses that can
form the basis for more nuanced studies.

2.2 Emotions and Sound

Research on speech and emotions, and music and emo-
tions, has a relatively long history [3, 4]. This research has
demonstrated that different acoustic cues correlate to the
perception of different emotions both in speech and mu-
sic. Additionally, researchers have found that there might
be a close relationship between vocal expression of emo-
tions and musical expression of emotions, which is con-
sistent with an evolutionary perspective on vocal expres-
sion of emotions [5]. Research on the perception of emo-
tions in everyday sounds is, on the other hand, very lim-
ited. Research has shown that humans can react emotion-
ally to all sounds, even to meaningless sounds [6], that
we react to acoustic stimuli emotionally similarly to how
we react to images [7], and that we use emotions to cate-
gorise sounds [8]. Knowledge about emotion perception
in everyday sounds can greatly contribute to the devel-
opment of methods for automatic assessment of evoked
emotions via, for example, transfer learning [9], some-
thing which is of great interest for sound design and au-
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ditory displays. From our everyday experiences, it is clear
that everyday sounds communicate emotions: we have all
heard a timid knock, an angry door slam, fearful footsteps,
happy fingers tapping on a table, etc. Despite the ubiq-
uity of these sounds, little research has been carried out
on how this information is encoded in the sound signal
alone. Most studies on everyday sounds have focused on
how we group sounds together or recognise the physical
causes of the sounds [10–14]. Alarms and footsteps are
among the most studied everyday sounds. Alarm sounds
are often studied in relation to their effectiveness in com-
municating urgency in high pressure environments such as
hospitals [15, 16], while footsteps are studied in relation
to how well they portray the the characteristics of a per-
son (gender, weight, gait, etc.) [17, 18] or how they con-
tribute to presence [19], for example, in VR. Giordano et
al. [20] have also suggested that both the expression and
recognition of emotion in music might, at least in part, rely
on knowledge about the sounds of expressive body move-
ments, such as walking sounds. Research in this area [21]
has shown that emotional transforms can be derived from
the study of expressive movement, which can, for exam-
ple, generate emotional animations of human figures from
Neutral ones, additionally research has shown [22] that an
observer can recognise positive and negative emotions in a
knocking movement. In regard to emotions and knocking
sounds without a visible accompanying gesture, one study
exists [23] by colleagues at our department, which unfortu-
nately is only partially published. The aim of the study was
to investigate how temporal and dynamic cues in knocking
sounds can communicate emotions, just like in expressive
musical performances. Acoustic data as well as visual and
gesture (motion capture) data were gathered. Results con-
firmed that same strategies are used in both expressive ev-
eryday body gestures and expressive music performance,
and that listeners were, to a large extent, able to perceive
emotions in the knocking sounds. We used some of the in-
formation available from this study as a starting point for
the study presented here.

3. METHOD

The present study followed the following four steps:

• Recording knocking sequences with specific emo-
tional intentions

• Designing a listening test to evaluate whether the
knocking sequences successfully conveyed the in-
tended emotion

• Analysing the acoustic features of the knocking se-
quences by emotion

• Assessing whether correlations exist between acous-
tic features and the emotional categorisation of the
knocking sequences

Emotion Scenario
Happiness Telling a flatmate you won a prize
Sadness Telling a friend someone passed away

or they are moving to another country
Anger Telling a flatmate for the fourth time to

turn down the very loud music
Fear Alerting a neighbour of a risk (e.g. fire)

Neutral Parcel delivery

Table 1. Emotions scenarios for recording

3.1 Recording Knocking Sequences with Emotional
Intentions

The recording session was carried out in a single day in
a quiet room (Multistudio, Media Technology and Inter-
action Design Division, KTH) sized 27 m2. The knock-
ing sequences were performed on an MDF door measur-
ing 203.7 cm × 72.6 cm. The recording was done using a
Røde NTG2 super cardioid shotgun microphone with 76dB
SPL signal/noise ratio along with a Zoom H4n Pro recorder
(sample rate 48 kHz; bit depth 32 bit). Three men and three
women (average age = 23.16 years; standard deviation =
1.72) from different countries (Germany, India, Italy, Ser-
bia, USA) performed the knocking sequences. Each partic-
ipant was asked to specify an area on the door where they
felt comfortable knocking, and the microphone was then
placed about 35 cm from the center of the specified area
(see Figure 1). After a test recording, participants were
asked to knock according to given scenarios, which aimed
to evoke a specific emotion (see Table 1).

Every participant recorded a total of 20 knocking actions
for each of the five scenarios for a total of 600 sequences.
All instructions were given vocally. The participants re-
ceived no payment for their contribution.

Figure 1. Recording set up
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3.2 Listening Test

In order to keep the duration of the perception test within
a reasonable length (10-15 minutes), five recordings were
randomly selected for each emotion and each performer.
This meant that, for each emotion, one of the participants
(not always the same) was not represented. These selection
criteria aimed to ensure that the diversity of performance
was maintained in the reduced data set. In total, the test
contained 25 sounds, which can be found here https:
//tinyurl.com/y8qhp5b4. We verified that this re-
duced data set was representative of the whole data set (see
Figure 2).

The test was carried out online using a survey tool called
SoGoSurvey [24]. We chose to carry out the test online
rather than in a controlled environment in order to reach
a larger number of participants, and also in order to use a
more ecologically valid environment (house, office, etc.)
where we would normally hear these kinds of sounds both
in real life or from media. Participants were sent an email
with a link to the survey which contained a short intro-
duction and instructions on how to do the test. Partic-
ipants were asked to report age and gender. They were
also encouraged to use headphones and adjust the volume
to a comfortable level. The 25 knocking sequences were
presented in a different random order to each participant.
After listening to each knocking action, participants were
asked to select one of five emotions. The emotions were
displayed as a horizontal line of radio buttons. The order
of the radio buttons was randomised for every knocking
action.

3.3 Acoustic Analysis

An acoustic analysis of the whole data set, as well as the
25 knocking actions present in the test, was carried out.
We focused mostly on temporal characteristics (action du-
ration, knocking rate, number of knocks) and relative char-
acteristics (loudness slope and regularity of the knocks).
Spectral characteristics were considered highly dependent
on the door material and therefore were not examined in
this study. The following parameters were considered:

• Action duration: Length of the knocking action. This
is defined as the time passed from the first knock on-
set to the last knock decay.

• Number of knocks per action: The number of knocks
was retrieved by counting the number of onsets de-
tected in each audio file.

• Knocking rate: The knocking rate was retrieved by
dividing the number of knocks in an action by the
total time of the action. This feature is applied only
to actions with two or more knocks.

Figure 2. Comparison between whole dataset and the re-
duced dataset. The emotion labels’ order (Anger, Fear,
Happiness, Neutral, Sadness) remain constant for all
acoustic characteristics.

• Knocking regularity: The knocking regularity mea-
sures how regular the knocks are in an action. Ac-
tions where the knocks are performed on a steady
pace will show a higher regularity. To extract this
feature, we calculated the inter-onset interval (IOI)
of each action and computed the coefficient of vari-
ation (the standard deviation divided by the mean).
Irregular actions will have higher coefficient of vari-
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ation. This feature is applied only to actions with
more than 2 knocks.

• Root-mean-square energy (RMSE) slope: This re-
trieves the energy pattern (crescendo or decrescendo)
of an action. We calculated the root- mean-square
energy of each individual knock and applied a linear
regression to each action. The slope of the fitted line
determines the energy crescendo (positive values) or
decrescendo (negative values) of the action. An ex-
ample of this feature applied to an individual action
can be seen in Figure 3. This feature is applied only
to actions with two or more knocks.

Figure 3. Example of the root-mean-square energy fea-
ture. The X axis represents knocking action duration in
seconds. The Y axis represents the RMSE of the individual
knocks. The individual knock positions in the action are
represented by the black dots. The slope of the fitted line
(in red) is negative, therefore the action has a decrescendo
energy pattern.

These features were utilised by the authors in a parallel
study on the synthesis of knocking actions [25] in order to
allow future comparison of the results.

4. RESULTS

4.1 Listening Test

One hundred participants took part in the survey, however
two participants did not complete the test and therefore
their data was eliminated. The online survey was com-
pleted by 98 participants (59 male, 39 female, 0 other). The
majority of the subjects had an age between 18-24 (num-
ber of subjects (age range): 1(< 18); 65(18−24); 24(25−
39); 6(40 − 60); 2(> 60)). The data was analysed with a
Chi-square test for independence using SPSS. Overall, the
relation between the knocking actions’ emotional inten-
tion and the subjects’ perceived emotion was significant,
χ2(96, N = 2450) = 2277.58, p < 0.001. Comparisons
between perceived emotions results were performed using
a z-test and Bonferroni adjusted p-value.

Intended Emotion Perceived Emotion/s (Percentage)
Anger Anger (47.1%)
Fear Anger (49%); Fear (23.3%)

Happiness Happiness (35.1%)
Neutral Neutral (49%); Sadness (22.9%)
Sadness Sadness (40%)

Table 2. Statistically significant perceived emotion results.
If two emotions are stated for one intended emotion, it
means that there is no statistically significant difference be-
tween the two perceived emotions

Focusing on the specific knocking actions: two Anger,
one Happiness, two Sadness, and two Neutral actions were
perceived correctly more than 50% of the time. On the
other hand, three Fear actions were perceived as Anger
more than 50% of the time. One Sadness action was per-
ceived as Neutral more than 50% of the time.

4.2 Acoustic Analysis

In this section we present the acoustic analysis of the lis-
tening test sounds. When appropriate, similarities or dif-
ferences between the findings in this study and findings for
cross-modal patterns of acoustic cues in vocal expression
and music performance for discrete emotions by Juslin and
Laukka summarised in Table 11, p. 802 [5] will be high-
lighted.

4.2.1 Duration of Knocking Action

• On average, Fear sounds are longer than knocking
actions with other emotions (minimum difference 0.31
sec).

• On average, Happiness and Neutral actions are shorter.

Figure 4. Duration of knocking action

4.2.2 Number of Knocks per Action

• On average, Fear presents the highest number of knocks
per action (6.8).

• Anger and Happiness have the same average (5.6).

• Sadness and Neutral have similarly lower averages
(3.6 and 3.2).
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Figure 5. Number of knocks

4.2.3 Knocking rate

• Happiness knocking actions have the highest aver-
age knocking rate above 5 knocks per second (5.1
knocks per second).

• Anger and Fear present a similar average knocking
rate above 4 knocks per sec.

• Sadness and Neutral present a lower average knock-
ing rate (below 4 knocks per sec).

• The average knocking rate for Sadness has the high-
est variability (SD=1.34).

This result is consistent with results by [5] where
fast rate/tempo were found to be acoustic cues for Happi-
ness, Anger and Fear, and low rate/tempo for Sadness.

Figure 6. Knocking rate

4.2.4 Knocking Regularity

• On average, Sadness actions are the least regular of
all knocking actions.

• Other actions are similarly regular.

The result for Happiness matches results in [5]. However,
results for Anger, Fear and Sadness are not consistent with
[5] as Juslin and Laukka find that Anger and Fear sounds
are characterised by irregularity, while Sadness sounds are
more regular.

Figure 7. Knocking regularity

4.2.5 RMS Energy Regression Slope per Action

• On average, Happiness and Sadness actions decrease
in energy.

• On average, Fear and Anger actions increase in en-
ergy.

• Anger, Happiness and Fear have a higher variability
than Sadness (SD for Anger, Happiness and Fear 2.5
to 5 times higher than the SD for Sadness).

This result relates to the results for sound loudness vari-
ability reported in [5], which is high or medium for Anger,
Fear and Happiness, and Low for Sadness.

Figure 8. RMS energy regression slope

5. DISCUSSION

The main aim of this study was to verify whether, in knock-
ing actions, intended basic emotions could be perceived
through sound alone. The results show that this is possible
for Anger, which is the most easily recognisable, and, to
a lesser extent, Happiness and Sadness. Results also show
that, in this study, Fear tends to be confused with Anger,
and Neutral can be confused with Sadness. In regard to
the confusion between Fear and Anger, we suggest that
this could be due to the scenario we gave to the perform-
ers (i.e. communicate a high risk situation), which might
have pushed the performance towards a particular type of
Fear such as panicked Fear, which perhaps shares charac-
teristics with Anger, rather than, for example, trepidation
which could be expressed differently. We note also that the
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Neutral state was the most chosen emotion throughout the
test (29.8%). We suggest that this might have been used by
the listeners as the go to option when the listener was not
confident about the choice. The fact, however, that results
for most emotions are statistically significant means that
listeners were able to make a decision in most cases. From
the acoustic analysis, we note that Anger and Fear are char-
acterised by a similar combination of acoustic cues: long
knocking actions, a high number of knocks and rate of
knocks, regular patterns and crescendo slopes. Happiness
is characterised by a high knocking rate, medium duration
and number of knocks, regular pattern and decrescendo
slope. Sadness presents a medium duration, low number
of knocks, low rate, an irregular pattern and decrescendo
slope. The Neutral state is characterised by a short dura-
tion, low number of knocks and rate, regular pattern and
crescendo energy. Furthermore, we looked at similarities
between the results of this acoustic analysis and other re-
lated studies. There is consistency between the results for
Rate, Regularity (for Happiness) and RMSE in this study
and results reported in [5] on acoustic cues of emotions in
music and vocal expression. This study’s results seem also
consistent with [23] where “Strong similarities between the
use of acoustical features in knocking and music perfor-
mance were found”. We suggest that our findings could
further support the hypothesis advanced in [20] that the
musical expression of emotions might have a motor ori-
gin.

6. FUTURE WORK

Further work is planned to expand the perceptual test to
the whole data set; run a larger acoustic analysis study that
uses a higher number of samples per emotion class so that
patterns of acoustic cues can be identified more precisely;
vary performance scenarios and verify to what extent these
influence results; compare the emotional variety of knock-
ing action performances of non-performers to that of pro-
fessional Foley artists; and to verify how other contextual
information such as visual cues or ambient sound, con-
tribute to the perception of intended emotions in a knock-
ing action.
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