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Abstract & Crowdsourcing and other human computation  advanced, the collections are not only important to be archived
techniques have proven their use for collecting largaumbers of  digitally, but also preserved with enrichedontent for
annotations, including in the domain of cultural heritage. Most of  completion purposes. One way to do this is through annotation,
the time, crowdsourcing campaigns are done through online tools.  jn which human computations can be useful for collecting large

Local crowdsourcing is a variant where annotation activities are  quantities of data where a crowd of people helps with the
based on specific locations related to the task. This study gnnotation of specific contents [7].

investigates a local crowdsourcing application for audio
annotations. We describe a specific use for annotating archival The concepts of usinghared information space done by
audio content to enrich its metadata We developeda platform cultural heritage institutions in order to gain engagement among
called AElI evator An-site (Thetplatiorin,s tthe users amd ferdhem to annotate the collections were mostly
designed as a standalone Raspberry fowered box which can be  done using the web technology. However, this practice is not
placed in an onsite elevator for example. It features a speech the only solution for annotatindé collections. Engaging the
recognition software and a button-based Ul to communicate with  crowd in a physical location is another possible way in cultural
participants. We evaluate the effectiveness of the platform in two  heritage domain. This approach is called local crowdsourcing.
different locations and modes of interaction through a local Local crowdsourcing offers the same concept as online
crowdsourcing experiment. The results show that the local crowdsourcing with an addition of exploitindiet physical
C]'[OstourCing e:pp4roach tistgble taacrr:ieve%r}notattri]or:sthwith 61%“ environment as the source and then exposing the crowd to the
of accuracy, up to 4 annotations per hour. Given that these results S : :
were acquired from one elevator, this practice can be promising possible influences from the location [4_]. This study evaluates
method of eliciting annotations from onsite participants. whether th? use of chal C.rOstourC'.ng' th‘.”‘t can annotate
cultural heritage collections, is an effective option toanthe

Keywords3 annotation: audio annotationcrowdsourcing: local ¢ ontent of the cultural herit

crowdsourcing; Raspberry Pi This study primarily focuses on both the audiovisual and
broadcasting company archives from Netherlands Institute for
. INTRODUCTION Sound and Visioh (NISV hereafter). NISV is the largest
Jeff Howe and Mark Robinson definedowdsourcing as audiovisual archiven the Netherlands that has a cultural
the act of a company or institution taking a function oncehistorical task and functions besides as the public broadcasting
performed by employees and outsourcing it to a generally larggompany archive is conducted in this study. Being one of the
network of people [3]. This can take both form of collaborativelargest audievisual archives in Europe, NISV collected and
work and sole individuals. This concept sparked thage of preserved a major part of Dutelndicvisual heritage so that it
crowdsourcing in different forms. Initially, crowdsourcing is accessible to as many users as possible. Digitalization is an
paradigms are divided into three categories: mechanized lab@ssential part of this preservation both for efficient Hergn
where workers are rewarded financially; games with a purposejanagement and for making the collection accessible. In this
where the task is presented as a game; and altruistic wordase study, audio collectionsere used to evaluate the local
which is relied on goodwill [8]. Results from these categoriecrowdsourcing approach, and the types of instruments
are all depended upon the crowd wisdom and its methods. Fiatentified in the audio is a part of the annotation.
example, Threadlesss known to practice the concept of

crowdsourcing. Threadless is a websed platform geared The identification of musical instrument is an important

towards artist commuriéts that can market theisshirts there, 2SPECt for information retrieval in musical domain, because
swch annotation is helpful for database indexing in the

These designs are crowdsourced through agodmg online ; ; o .
competiion on the Threadless webstte [5, 16]. Abeityithi R (SN CE | OO0 el gore, in
crowdsourcing is not only applicable for business and 9 '

enterprise, but also for cultural heritage itogtons. Cultural which instruments were used as its distinctive feaifires
heritage institutions often dealt with digital archives in order to
ensure preservation of their collections. Yet, as technology

1 https:/lwww.threadless.com/ 2 https://http://www.beeldengeluid.nl
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The ideal place to dthe experiments is inside an elevator workers to curate the collected information and generate event
as it aligns with the goal of this study, which is to investigateeports [4].
whether local crowdsourcing is applicable for eliciting
annotation on audio collectiom a cultural heritage institution
such as in NISYelevators g always running during office
hours and they are mostly used in a migitiel building. In this
case, the crowd is anyone who used the elevators. This ma
the approach fell under the paradigms of both game an§

altruistic work. This study is designed@agage the crowd by were some of the challenges found even though they were

approaching them innainteractionsimilar to playing a game . X . . X
with questions and answers, yet the result still depended on.th%ﬁgsgﬁ;ns?galbgsgiephgﬂgaéf?ﬁge' nglrt;: (t:)r%\r/]v% Cvegfli[a?;n?r? by
wilingness to participate - regardless of any underlylngdifferent locations were some of the challenges. The results of

motivation. Thus an optimal design to effectivelyngage the . ; : . :
crowd to annotate the audio collections and exploring possiblis researchin the pasprovideda solid background for this
gtudy, in wlich there were possible opportunities for local

influencing factors are the challenges to be overcome in th . ) X .
Crowdsourcing to be an option for collecting -site

study. information. Furthermorethe results provided potential ways
The aforementioned reasons led to the decisions of namirig develop an optimal design tovercomethe underlying

this study as the Elevator Annotator. The local crowdsog  challenges on location constraintglds influences to become
approach isimplemented ina portable audio annotation an effective audio annotation platform.

latform that isbased on gervasive computing technolo . . .
Eoncept [17] The base of ?ﬂis approach iE magpberry Bi Y B on Crowdsourcing in Cultural Heritage Domain
This study chose the Raspberry Pi becausefférs many In cultural heritage domain, crowdsourcing has several
possible integr@gons with different hardware and software categoriedased on its purpos€hese categorieare correction
components. It was fascinating to see whether the diffeypat  and transcription, conttualization, complementing the
of institutions produced different results on both quantity andollection, classification, couration, and crowdfunding [6].
quality of the annotations or not due to thet that the platform  The local crowdsourcingpproachof this study fell under the
was implemented osite. This also correlated with the concept category of classification, where it is defined as gathering
of niche sourcing which focused on engaging participants thafescriptive metadata related to obgeict collection [6].Based
have knowledge in the domains so that thagperform more  on the crowd level, this study fell under the contributory type
complex tasks [2]. Thereforehis study evaluad primarily on  where the public contributes data from the designed platform.
the dfferences on locatioas well asiser input modalitieand A related research in this domalras beerconducted as a

The results have revealed opportunities and challenges to
extend the online crowdsourcing to the local, physical space. It
showed 50% of additional media content b teports and
E?easonable content for quality assessment when compared to
|milar topics from news sources, such as a local newspaper.
iases of the nomxpert crowd workers in various locations

their influencesn the annotation results. collaboration of the NISV, KRO Broadcastirfy and VU
University Amsterdan? in the form of a video labeling game
1. RELATED WORK called Waisda®? The researclexamined a collaborative way

This section coves some of the previous researches relatedVith the public through gaming asa method to annotate
to this study. In additiorthis study usedancepts suchs local television heritage and use the curated vocabularies as a means

crowdsourcing and niche sourcing from the past wirksder to integate tags with _profe;sional annotatioft0)]. T_he
to defineits limit and the process afvestigation researctwas successful in getting a large numbematching

' tagsin a 7 montts period,as a result of the labelinggs in
A. On Local Crowdsourcing videos and qualifyinghemto the databases in NISV [7This

Local d N f f hvbrid d . Waisda?research sheed that there are opportunities for
ocal crowdsourcing 1S a form ot ybrid Crowdsourcing gy, qving a variety of innovations ite domains otultural

process which extended the human computation into thga iae and timéased metadata like tags che used by
physical environmenthrough the use obn-site crowds as s professionaléor accessing specific fragments. These
workers to do the given collabo_ratlve or distributive tasks [4]resu|ts led the possibilities of thisusly to explore other
Unfortunately there is only a limited nu_mberf research:ione methods ofinnotathg the audio collections, by identifyirthe
relatedto Ipcal crowd;ourcmg, especially witthe focus of musical instruments with esite crowdsourcing.
culturalheritage domains. Some of these reseanslees found
by conducting the crowdsourcing approach with the web This study also explored the difference of locations and its
technology, while the most relatable research on locatffects on the annotation alsorrelats with the concept of
crowdsourcing was found in journalism domaditevertheless  niche sourcing. A related research in the past had investigated
the concepts of using hybrid s of physical location and the power of expertto optimize the result of humerased
crowd engagements were correlated with this stullyis  computation for certain tasks [2hn example used in this
related journalism research in the past has loeeducted to related research wdlse prints annotation in the Rijksmuseum
investigate the collaborative production of event reports usinthat resuled on large quantities of metadata, which warg
local workers to collect information in perscand remote sufficient in qualiy. These results revealed challenges on task
distribution and quality assuranceriiche sourcingDifferent
crowds with different level of task producelifferent results,

3 https://www.raspberrypi.org/ 6 http://waisda.beeldengeluid.nl/
4 https://www.kro.nl/ 7 https://www.rijksmuseum.nl
5 https:/fwww.vu.nl/



whereas crowsourcingby a generic crowd is more ideal for A, System Design
simple taskln this study, the quality of the audio annotation is
assessedby its accuracycompared to the prannotated
annotationswhich in this casavasdone manually by a nen
expert. The preannotation covered the instrument
identification in a generic level (e.g. piano instead of pipei. Location: The devatorwaschosen as the locatiphecause
piano) to see if simple tasks could have worked well with the it was the ideaplace to keep the experiments running

local crowdsourcing approach multi-level building From theobservations madm early
stage of this studypeoplewere found to be mostlidle
inside the elevators antie time needetb move between
floors werelong enough to conduct the annotatfmocess

It also showed that on aveit required 7 seconds for the
processto allow enough timefor crowds to partipate
Different type of locationsvasinvestigated to see if there
are any other effects and differences. Therefore, NI@Y
chosen as it was in the cultural heritage domain in nature and
VU University Amsterdam (VU Amsterdam hereafteds
chosenas acomparison due to the déffent traits that VU

Several design decisionsere made along the process in
order to ensure ifsinctionality. The first early decisionglated
to its physical onstraints and its functional designs.

Therefore, thee related works$n the past showedome
opportunities for this studtp leverage the crowdsourcingarea
into the domains of cultural heritage and to take thesitmn
location as a way to engage the crowdhis study investigates
challenges found in the previousorks such as location
boundaris and its effects on the crowds order toexaminea
promising optimal design for a possible effective local
crowdsourcing approach in annotating audio collectith an
example of tk NISV case study.

M RESEARCH QUESTION Amsterdam had to offer as an academic institution

This studyexploreshe applicatio of the principles of local  iI- Form: The platformwasdesigned as a standalone platform
crowdsourcing, which araot only to passivelynake usethe not onlybecause of thpervasive computing concept used
crowd power to do the human computation task, but also to in this study, but also because of havihg elevator as the
engage the crowd to perform a musical instruments location the platformrequiredto be easny placed anq
identification present in audio collectioas a form & audio moved. The platform was also placed in a box to provide
annotation. In cultural heritage domain of the NISV case study, €ase of access to the participants.
preservation and audio content enrichment withadditionof ;i Power Supply and Connectivity: As it wasnot possible to

metadata content are jiortant Then this extended practice of — hayepower supplyinsidethe elevator, he platform needed
local crowdsourcing with pervasive computing is evaluated 5 have reliable energy source to power up. Because it was
find out if it is able to deliver an effective resulthe evaluation built on aRaspberry Pian external battery pack or a power

the different user input modalitiesThe effectiveness of the  terms of network connectivity, the elevators diat have

method and the variations trough annotation accuracyaed r enough coverage for the platiorm to have an online
are evaluated through iesign and performance connection because it did not have a stable connection to the

Therefore the following research question jsroposedto availablg wireless hotspt_)t in between_ floors. Thus, the data
answer the goadf the studyWhat is an effective method for ~ Processing and data storing were designed to be done locally
local crowdsourcing metadata gathering for an audio On the Raspbey Pi.

collection? These decisions worked as the frameworks to design a
Yet in order to answer the main research question, thediinctional platformAn illustration of the functional design of
following subquestions need to be answered at first: the platform is shown in Fige 1. The arrows represented

_ _ _ _ interactions among the components and there was no necessary
1. What is an effective technical design for the localranks or seqence. The two boxesshowed grouped the

crowdsourcing platform? _ components based on their interactions.
2. How do the different physical locations of the local

crowdsourcing affect thresult?
3. How do the different types of user input modalities of
the local crowdsourcing affect the result? User Interface

- |
\YA ITERATIVE DEVELOPMENT

*
¥

. . . . . . . Input — ;"‘Proces: Control _“'ri—i
This sectiorprovidesdetailed explanations of the iterative 0
developmenthatwas conducteth the study The first section " A e
discwsses thesystem desigrand thedesign decisions made Output N

during the proces The second sectioncovers the
implementation process ofhe desig, both in terms of
hardware and softwarélence, it is implemented as an audio
annotation pldorm, and therefore thdéocal crowdsourcing Figure. 1. Functional design
approachs addresseds the platfornfrom this point

System

Several designoncerns were derived from Fige 1. There
were the input/output, process control, and the annotations and
database.



i. Input/Output : Participantsneededo be easily prompted h. Power bank with minimum of 2A output

by the platform in order to give their inpifferent type _ _ o
of user input modalitiesvere implemented on the user  The annotation functiorstarted whenever a motion is

interactions as thaudio and buttons inpubifference on  detected when the participants entered the elevator. The

the nature ofverbal andnonverbalcommunication with platform then played the audio over the speak&he. audio
thes inputs are interesting to be examinetie Type of input is supported with the USB microphone, while the buttons
interactions was donén questiors andanswers orthe  input supported with the two momentary push buttons,
willingness of participants to do the annotation and theepresented in green feie yes answer and in red féne no
annotation of the type of instruments heard in the audicanswer An illustration of the wiring sketch is shown Figure
Therefore, to keep the tasksmple for nomrspecified 2 thatwas sed as the blueprint to assemble the hardware
participants in both location, the expet answers iges or ~ components to the Raspberry Pi

no. Audio input was possible with an offline speech
Powerbank
n LCD with
potentiometer

recognition library called Pocketsphfhixit was chosen
I—l

because the libramyassuitable for offline usgl2]. Whiles

for buttons input, there were two momentary push buttons
representedhe yes and no answerfor the outputfwo
stereo speakers werdilized to ensure thatt was loud
enough to hear frortheinside elevator.

ii. Process Control:All processediad to badone locally on
the Raspberry Pi and without an internet connection. The
processes also needed to start, run and terminate
automatically inside the elevator. Therefore, a motion
sensomwas appliedo trigger the annotation function to start
whenever motio was detected and a timeout functiesas
utilized to limit the number of answers attempts to ensure Aot
that the platform was kept running the entire time. rabiioptens =0

mmrsmm  PIR motion sensor

and audio phug

iii. Annotations and Database Both annotations and the
databaseverestored locally on the Raspberry Pi.ef&udio
database in this study was stored as a set of audio files from
the dataset. These spfegations of theaudio datasets, as
well as the annotatiostructuresare discussed in details in
its own dedicated section. Hentlee annotation was done
by identifying a type ofinstrument heard within the

gsgﬂ‘;%dsgrgaekg?sgment in the audio file thaas played and components are documented in a Githegpository along
' with its web page. This repository also offered detailed
These design decisions were essentials to take into accowaxplanatios on the source code of the softwafée final look
when building the platforno ensure amptimal design of the of the hardware was implemented in a box and the ngistof
platform in both hardware and software. Thesethe box are shown in Figui® The picture also provided an

Figure. 2. Wiring sketch
The blue lines in Figre2 represented the connectiamong

modalities used in this platform. A dedicatéatorial and

implementations were discussketitherin the next sections. illustration for both types of user interaction. Teft side of the
. picture showed the platform with audio input andribét side
B. Hardware Implementation of the picture showed the platform with buttons input.

The platform was nobnly built on a Raspberry Pas its
computing base to connect other hardware comporauitalso
to store and process the annotatitinwas important for the
platform to utilize both input and output hardware component
to support its annotatiofunctionality. A list of hardware
components which were used to assemble the platform ‘

provided in the dllowing list.

a. Raspberry Pi 3 model B with 4Gb micro SD card running
on Raspbian JesSif 3]

PIR motion sensor

Mini USB microphone

Two momentary push buttons N
Two 3" speakergohm 3watt Audio-based Tnput

@~eoaooT

3.5mm (1/8") Stereo audio plug terminal block _
Stereo 2.1watt class D audio amplifier (TPA2012) [14] Figure. 3. Implemented platform
8 https://cmusphinx.github.io/ 10 https://ajprameswari.github.io/ElevatorAnnotator/

9 http://gnutoolchains.com/raspberry/jessie/

the components, while the arrows showed the two user input

documentation on the assembly process, supporting libraries



C. Software Implementation

The platformwas running on a Python script that was
implemented locally on the Raspberry Pie workflow of how
the softwarewvasimplemented and the interactioamongthe
components are illustrated in Figue The numbersvere
interpreted as how the softwamorked in sequencesThe
workflow is describedn details in the following list. Itwas
notable that the speech recognition library and timeout functio
were defined in the script and thesere called whenever the
participantsvere expected to give answers.

< B

Annotations

10
ﬁi‘/"

Platform

Figure. 4. Software workflow

=

Motion sensodetects any user motion

Detected motiorriggersthe annotation function in the
scriptto start.

The script g@ts audio files of the song and greetings
from the dataset and loathemto the script.

The script plays theelectedaudio files over the output
components (speakers) amompts the user by
playing theselected song, continued withe question

on participatiorover the speaker

User givesanswerghrough theuser interface (audio
andbuttons inputand the user interface forwards it to
the script.

When theuser disagresto participate or th timeout

is reached, the scrigaves the answéo annotations
as a record, otherwise continue to next step if the use
agres.

The script gts the previously selected audio file of the
song and instrument question from the dataset an
loads them to thescript.

The script plays the selected audio files over the
speakers and pragsts the usewith the audio file of

the selected song and question on the type of

instrument heard.

User gves answers through the user interfandthe
user interface forwardsto the script.

The script saves the answers as a recomhen the
timeout is reached,

The script gts the audio file of closing notice to the
user from the dataset and Igatto the script.

10.

11.

12. The script plays the closincaudio file ove the
speakers andrompts the user.

The workflow was fundamental to design a working script.
A flowchart illustrated both usenput nodalities is shown in
Figure5. This flowchart showed the logic of how the platform
is supposed to work along with the ténation conditions on
every possible situation.

N

Audio as user input Buttons as user input

feck if any motionNy
detacted?
Yes

Generate dataset to
e

Play audio file to ask for
participation

Play audio file toask for
participation

Play audio fle to repeat

Play audio fle torepeat | %
answer :

Participation_Atiempts = 1 Participation_Attempts = 1

Check if answer
isayes /ano?

Check if answer
isayes /ano?

Play audio fle o ask if e
‘mstrument rd

Instrument_Attempts =0

Play audio fls to repeat
answer

Instrument_Attempts += 1

Figure. 5. Flowchart in audio and buttons input

The flowchart in Figre 5 works as the framework to
develop the sourcende for the script. The annotation function
starts every time the sensor deteany motion from the
participants The code snippet below shsvhow the PIR
motion sensokeepsitself waiting to detect any motion from
the participants and startthe annotation functionThis
implementation workfor both types of user input modalities.



incremented. Thiappliedfor both participation and instrument

def MOT'ON(P'R_P'N) answers.
print("  Motion Detected ")
startAnnotation() Timeoutwasalso another parameter thaascalibrated for
def main(): both audio and buttons input. The timeout featurenfrbe
while True: speech recognition was found to be overruled by the waiting

pir.wait_for_motion()
MOTION(16)
pir.wait_for_no_motion()

process of speech recognition to set up the energy threshold.
While timeout did not work well with the audio input, it worked
with the buttons input. The buttons input used a threaded timer
to get the timeout to work. The timeout limvitas set to 10
seconds to give timfor the participants t@et tothe buttons.

public domain songs as the dataset with 3 points of starting tim\g/hen the function reached the timeout in buttons input, the

in its total duration, which was 25%, 50%, and 75%. Thé'lumber of .attempts for bOth part[cipation and ingtrument
selected audio fiIeN'as then played for, 7 se(’:onds from the answemwereincremented. Maximum limit was set to 3 times to

starting time in random. In order to manually-arenotted the avoid the function to keep waiting for answers.
dataset for setting up the standards for evaluation, each of thge Dataset and Annotation Structure
audio was divided into 3 starting positions. The instruments
were trumpet, violin, and piano. After the somgsplayed then
participantsvereasked if they wanted to participate or not. The
maximum attempts of answevas limited to 3 attempts and
with 10 secondsf timeoutfor buttons input. Thaumbers were
limited to prevent the function to keep waiting for answers. Th
participantswere expected to answer in two forms for two of
the platforms.

In principle, the function stasthe annotation by playing the
audio file from the dataset randomly. Téeverein total 10

The annotationsveresaved as each line of record within a
file. From the some of parameters mentioned earfier,
example: thenumber of attempts and the type of answdiise
structures of each recoveeredetermined to providsufficient
datato be evaluatedThe structure of each record along with
Sheir formats and limitations are provided in Table 1.

TABLE 1. ANNOTATION STRUCTURES
def reCOgmseMe(mIC)' Element Format/Limit
r = sr.Recognizer()
try . Timestamp yyyymmdd-hh:mm:ss
with Sf.MiCrOphOHE(miC)aS source: Participation answer attempts Maximum of 3
r.dynam|c_energy_treshold = False Participation answer Yes/No
r.energy_treshold = 4000
audio = r.Iisten(source) List of participation answers False/True
answer=str(r.recognize_sphinx(au dio)) Selected audio file sound1-10
answer=answer.lower() Start position in percentage 0.25/0.50/0.75
return answer
except sr.UnknownValueError: Selected type of instrument trumpet/violin/piano
return None Instrument answer attempts Maximum of 3
except  sr.RequestError: Instrument answer Yes/No
return None
List of instrument answer False/True
The code snipped above showed how the speech recognition ~ Annotation length In seconds

library was used in the script. It showed tHag microphone

was defined as the default index to get input from the All annotation records were stored in a text file with tabular
participants and energyhreshold was set to 400@nergy  space as its delimiters for each of elemémt.example of the
threshold was the minimumaluefor the speech recognition to annotation structures shownbelow.

set itselfbefore it sta}r_ted recognizing phrqses. This paramete 50170517-11:53:47 1 YES T soundd 0.25 trumpet 2 YES
depended on the naigss of the surrounding. The lower the FT 38.0137310028

value the quieter the surroundimgas The energy value was

adjusted several times duringd was set up to 4000 digethe From this example, it can be derived that #mnotation
higher noise found inside the elevators. Howgitewas found  started on 17 May 2017 at 11:58d the user was willing to
thatthe value did not always erk as it was expected because participate in 1 answer attemptThe selected audio to be
the speech recognition kept waiting for a longer time taannotatedvasaudio no. Sandthe starting time fragment of the
recognize phrasashen there were higher nois@¢oisesirom  audio file was from the 25% seconds of its durati®he
walls, doors and conversations affected this thresAdiglature  participant was asked if a trumpet was heardnd the

to automatically set this threshold wasaatried, but itwas  participantsanswered that a trumpet whsardin 2 attempts
found that the platform took less time when the value is preThe last information from the record was the duration of the
defined compared to when it was set autdcadly. When yes  annotation from the the beginning of to th moment when the
or no phraseswere recognized by the speech recognitionrecord was saved, and in this case, the example showed
library, it passed the answers to the functiwhereas when it approximately88 seconds.

failed to recognize them, the number of attemptas



In summary, all the settings and design decision in both
hardware and software implementation were set up in various
settings agheresult of its iterative development. It is notable
that a pilot testingvas conducted in the beginning of the the
development, to test the functionality of the platform and to
calibrate the parameters mentioned in these sections.
Adjustments on energy threshold, timeout, and error handling
were also set up to improve the platforonperform better in
getting annotations from the participants.

V. EXPERIMENT

This sectiondescribes how thexperiments were, as a
continuance from the previous iterative development. The
experiments are discussed in several parts. Taerdataset,
setupsand the experiment results along with and its analysis. It
should be noted that the experiments took place in multiple
attempts and the pilot testing mentioned in in the previous
section was used to improve the performance of the platform.

>

A. Dataset Figure. 6. Setup of the platform in the experiments

The daaset that was used in this experimestavacquired  Figure6 showed the how the experiment was set up in one of
from the Europeanddlection’. Therewas a total of 10  the experimets.

randonm public domain sorg There were no standards on the ) )
g The number of floors in both locatiog NISV and VU

audio selection, other than the audio needed to have a gog\msterdamwassimilar NISV had 7 floors counted from the

audio quality to be playedver the speakers. As it was ground level, whereas VU Amsterdam had 6 floors. The

mentioned before, each audims manually preannotated in elevator whichwasused in VU Amsterdam was located in the
advance, in order to set the standard for determining the corr ience Building. In these experiments, particip e

or incor_rect_type of "_‘S”“me'_“s bei_ng heard. A complete "?t 0 xpected to give yes or no answers when asked about their
the a}udlo_wnh more mfo_rmat|o_n okipreannotated answers is willingness to participate and a type of instrument being from
provided in the Appendix sectioh. the audio. Albeit, it should be notedat, due to the technical
B. Setup limitation on the error handlin_g an.d there was a possjbility of

' the annotation to produce an invalid answer whiglsdefined

The experiments took place in two locations, the NISV ans "not available" (N/A) recorgsbecausethe speech

VU Amsterdam. In each location, two experiments were carriegecognition failed to recognize phrases for audio input and
out for the audio input and buttons input. For each experimenivhen the timeout limihasexceeded for buttons input. Both
the sandalone platfornwas placed on the corner side of an failures led to the number of attempts being incremented and
elevator and itvasleft on average dfor 4 hours The platform  invalid records were still stored in this case.
wasplaced in a boxo ensure itstability on the ground level

TABLE II. EXPERIMENT RESULTS
Identified Instrument
Length Total Unidentified Participation Annotation Accuracy
(minutes) Recorded Participation Answers Answers Rate
Answers Answers No Yes Correct Incorrect Unidentified
Answers Answers Answers Answers Answers
NISV Audlo 240 55 35 11 9 5 2 2 0.71
Button 210 81 32 25 24 19 5 0 0.79
VU Audlo 240 67 38 18 11 3 6 2 0.33
Button 240 61 18 22 21 11 9 1 0.55
Total in location NISV 450 136 67 6 33 24 7 2 0.77
Vu 480 128 56 40 32 14 15 3 0.48
Audlo 180 122 73 29 20 8 8 1 0.50
Total in user input modalities
Button 450 142 50 47 15 30 14 1 0.68
Total 930 264 123 76 65 38 22 5 0.61

1 hitp://www.europeana.eu/portal/



C. Results E. Performance

From seweral experiments, the platform Hdasucceeded to Based on thaforementioned rules and comparison miade
acquire a number of records. There were adjustments arlkde actual preénnotated instruments in the audio to the
calibrations made during the experiments to ensure thpredicted annotation given by the participants, the accuracy
functionality of the platform. A complete view of the rates of the annotation produced by the participaars
experiment results is available on Figshaf@]. A summary of  cdculated with the sum of True Positives and True Negatives
the results is shown in TabRIn general, the acquired data in both input divided by the total data in the matrices for each
werecategorized in both locations of NISV and VU Amsterdamdimension:
and user input modalities of audio and buttons input. It is TP +TN
notable that the length column in the result tabes the Accuracy rate = (1)

TP 4+TP+4 I'P 4+ FN
approximated total time spent in each experiment . .
pproxd : P P Based on the location difference, the accuracy rate of
which was done in several attempts. Oannotations that took place in NISV was 0@777% and the
In total, these experiments took approximately 93 %(rorrate was 10.77 = 0.235 23% Whereas, the accuracy rate

minutes, which were 15.5 hours or eqqulent to 15 hqurs aN% VU Amsterdam was 0.48 48%with an error rate of 52%.
30 minutes. This gave the average time spent ache

: . . s for difference on user input modalities, the accuracy rate for
experiment of 232.5 minutes or equivalent to 3 hours and 5%udio input was 0.5@U50%, so that its error rate was 50%.

minutes. There were 264 recorded answers which Wer(§\/hile for butons input in both locations, the accuracy rate
consisted of 141 identified answers and 123 unidentifie ched0.68 db68% with an error rate oB2%. From this

answers. The identified answers were the succeeded answé? o

from participation queiin, while the unidentified answers ormatloln,m av%rlat)ge g‘e accurgcyholf the_platforrg was 0.61
. .y or equivalent to 6. Because both locations and user input

;(t)tz‘:ri)ttes dar?(fj t’;fr:]oes;uévhlch were recorded due to exceed odalities revealed the different accuracy ratés was

Inclusively there were 65 participants who were willing to necessary to test them statistically. The tests were important to

L : eyvaluate the significardifference onlocations and usenput
participate counted from the total of those answering yes armodalitiesto the correctness of annotations

76 participants whavere not willing to participate. From the
instrument annotation questions, there were 38 participants who The first variableswere the locations and the annotation
correctly annotated and 22 who did not. The unidentifieccorrectness. There were two possible annotations acquired in
instrument answers were the result of the timeout and exceedtis study, which were the correct and incorrecwamns. The
answers attempts. As mentionaghrlier, the standard to correct annotationgerethe answerghat met the condition of
determine the correct or incorrect answers are determined Byue Positives and True Negatives, while the incorrect answers
the set from the manually pennotated dataset. Further met the conditions of False Positive and False Negatives. Their
evaluation of these statistics was given in the next sections. frequenciesn each of locationsvere countedto see ifthere
. were any associatioin this case, the appropriate statistical test
D. Analysis was the Chbquare test [11], because the variables were
This sectiongivesinsights into the exgrimental findings. ~categorical andhus they were suitable for theest. The
Performance, the significance of different locations, user inputypotheses for thfirsttestwereconstructed as:
modalit_ies, and crowd participat!on are evaluated. _In order to Ho: There is no association between locations and
determine the correctness, the instrument annotation answers annotation correctness
were matched with the pannotated dataset atfie following Hy: There is an association between locations
rules of confusion matrix in the list below were applied. It is and annotation correctness
notable that correct answers consisted of both True Positives
and True Negatives, while incorrect answers consisted of both The significance level (palue) of the test was the standard
False Positives and False Negatives. level 0.05whichindicated a 5% risk he Chi-square test value
i. True Positives (TP) were cases when the participantswas calculatedsb.480. With degrees of freedom of 1 and p
predicted that the instrument was present in the audio an@lue of 0.05, the critical value based onsxhuhare distribution
it was true. table [15] was 3.84. Since thest value was more than the table
ii. True Negatives(TN) were cases when the participants Value, then null hypothesis gHis rejected. The-palue for the

predicted that the instrument was not present in the aud#§St has resulted as 0.019 and calculation table isqewin the
and it was true that it was not. ppendix sectionB and C. Therefore, itwas concluded that

iii. False Positives(FP) were cases when the participantstherewas an association betweeacktion difference and the

redicted that the instrument was present in the audi(gerformance of annotations correctnelswas statistically
Eut it was not true P ignificant because thevaluetestwasless than 0.05. With the

. : - highest accuracy acquired from the data was taken in NISV, it

lv. False NegativegFN) were cases when the participantsgp,ecthat locations with different traits ditavesignificance

predicted that the instrument was not present in thgjfference, where NISV as a cultural heritage institution

audio, but it actally was. resulted in higher accuracy compared to VU Amsterdam as an
academic institution.

2 hitps://figshare.com/



The second variables were the user input modalities anplatform wa able to perform as accurate as 61% and was able
annotation correctness. The sang@hi-square statistical to acquire 3.87 annotations per hour in one physical lochgion
variableswere usedsuch as fvalue of 0.05 and degree of one platform. Vith the participation ratio of the people who
freedom of 1. For this significance test, the hypotheea®  \ere willing to annotate of 0.46. The result also showed that

constructed as: while different usr input modalities did not have significant
Ho: There is no association between user input modalitie8ssociation on the platform performance in the sense of its
and anotation correctness annotation correctness, different locationsd hsignificant
Hi: There is an association between user input modalitie@ssociation. The result of the statistical tests performed also
and annotation correctness gave further insights on kothe numbers can grow in larger
population.
Table for the Chsquare test was also provided in the . .
Appendix section B and CThe value ofChi-square test for The result showedccuracy rate was acquired at the highest

these variables was 1.670. Because the same crtitaes 1N NISV gno! thgt it was statistically significgnt that there was
from the Chi-square distribution table of 3.8fereused, then @n association in location and the annotation correctness. As
the test value is less than the critical value of 3.84. Therefor@entioned in earlier cipders, since the experiments took place
the null hypothesiswas acceptedand thatthere was no in NISV which is a cultural heritage institutiathe participants
association between the type of user input and annotatiofigvolved in the experiments were mostly employees whce
comectness It also meant that these two variables wereassociated with the domain. Thigs associatedith the niche
independent. The-palueof the test wa$.196. Because 0.196 sourcirg principle thatcrowds of experts produced different
was higher than the earliervalue of 0.05this showed that level of quality compared to generic crowds [Blowever,
these variables did not correlate to one another. further exploration on this matter needed to be done in future
_ _ o work as it was not the primary concerns of this study. Having
_ Therefore, in summary of ¢h applied two ststical iy standard prannotated answers vddited by experts on this
significance tests, indicated that firsidifferent locations had 4omain offered different possibilitiesnothe accuracy and
significant associations with the annotation performance, in thPeIiabiIity of the annotation
sense of its correctness arsgcond, different user input
modalities had no significant asso@at with the annotation In regards to these rates that were acquired as a result of one
performance, given ivas calculated from the observed data. platformrunningin one elevator at a time, there were rooms for
Whereasbased on thaccuracy rates derived from experimentimprovementin resultnumbersfor future work bydouble the
resultin Table 2, the average accuracy of the annotationsyumber of platform usedifferent type of speech recognition
performed by the platforwas61% with the error rate 27%.  |iprary, better hardware components, and error handling
F. Crowd Participation fea_ttures have options to be improved as the platform itself was
] built on a customizable ase, such asthe Raspberry Pi.
Another parameter to measuthe effectiveness ofhe | mitations in speech recognition library and its parameters
platform was the crowd participation. It was essential tasych as energy threshold and timeout liisiinfluenced the
evaluatewhetherthe local crowdsourcing approadn this  gatg acquisition The waiting time spent by the speech
platform offered an effective restitir acquirirjg annqtaf[ions Or recognition library to understand the spokéngses had caused
not, based on the number of people participated in it. In ordegss data to be acquired, compared to the data acquired from the
to do so, information on the numbers of participanas  pytton based user interactions. Energy threshold which may be
derived fromthe experiment results in Table First questions  agjusted to a different level of noises inside the elevators also
given to the participants were whether they wanted tqgye its effecontothe waiting time for itsalibration function.

participate or if they did not want to participate and a yes or Ngherefore, alifferent type of speech recognition library is an
answer was expected. From the total of 141 participation gption to be improved in future work.

answers there were 65 people who agreed and 76 who ) )
disagreed to participate. This gave the participation ratio to a There was also an opportunity to locally creadrce this

total number of answers in the experiments of 0.46. In contrargXperiment adifferent places other than inside an elevator.
the number Of people Who d|d not want to particim lef.erent |0C6t|0n§ Wlth d|fferent CrOWd)ptlonSOffel’ OptlonS
slightly higher with 0.8. While the total time spent for the forimprovement iresuits for example at the coffee corners or
experiments was approximately 930 minutes or 15.5 hours ar¥¢nding machines where the crowds weteving the platform
given that there weres0 valid and identified annotated t0 be placed inside an elevator had its own pewteere its
instrument answers were, dividing these two vatessited in ~ constant. In conclisn, this studyhas shownhow local
3.87 annotations or equivalent to up shé annotations per Ccrowdsourcing approach can work when it is integrated with
hour. It is notable these numbers were acquired from the resigrvasive computing elements such as the use of Raspberry Pi.

of having the experiments in one physical location at a time. !deally, in order to gedlarger quantity of data, more platforms
can be placed at the same timeseveral different locations to

VI. DISCUSSION do the annotation task. The Raspberry Pi and components used
n this studywere suitable because they weia only low in
nergy consumption but also affordable and easy to build for
Ifferent settings.

In summary, the main functionality of the platform as a local
crowdsourcing approach for audio annotations had proven {
succed acquiringa number of results. Given there were some
limitations on the implementatipthe results showed that the



According to the goals of this studyhich aimsto evaluate

vi.  CONCLUSION

the different locationand its annotation performance. Given

the platforms were placed in multiple -site locations,

numbers of annotation had the chatwé®e increaseds it was

whetherthis local crowdsourcing approach offered an effectivgested statistically that locations had significant effects to the
solution in eliciting audio collection in a cultural heritage annotation performancd:herefore, this local crowdsourcing

domain,with an example of the NISV case studpirst, t is

approach which was combinedwith pervasive computing

important to get better understanding on an optimal design teomponentfromthe platform, showethatthe buit designwas

build and what other influencing factors are.emh thetwo
dimensions such as difference on locations and user inpitl SV

modalities are taken into account in the implementation and
experiments. From the acquiregperiment results and analysis
of the experiment, the following research questions can be This study veuld not havebeen possible without the help

answered.
1.

What is an effective technical design for the local
crowdsourcing platform?

promising formetadata gathering on an audio collect@snin

case study’ s.

ACKNOWLEDGMENT

and guidance from both of my supervisors, Victor de Boer from
VU University Amsterdam, ahThemistoklis Karavellas from
the Netherlands Institute for Sound and Visiaho have been
supporting and sharing their knowledge from the beginrimg

The local crowdsourcing platforoanbe designed as a gqgition, many thanks to tHeetherlands Institute for Sound
standalone platform onRaspberry Pi with supportive 41 visionfor providing me with opportities tobe a part of

input and output components to support thesibe

this project, along with the access to various dataset from the

annotation purpose and its process control. Theuropeana Sounds. &tly, | would like to thank you my sister,
processing and data storing of the platform wereparamita Putri, fohelping me tgproofreadthis paperTo this
developed locally on the Raspberry Pi, using an offlineextend, | must express my very profound gratitude.

speech recognition foaudio inputs and momentary
push buttons for buttons input. Despite the location
constraints, the platform was able to perform its mairy;
function andacquirea number of results. Thus, i
shown that the platform offered an effective desiga
to its extended portability dbeing implemented in the
external battery powered Raspberry Hiese features
also showed that the platforoan bebuilt with low
budget and low energy consumption components.

(2]

How do the different physical locations of the local
crowdsourcing affect the result? 13]
Based on the experiment results, the average of
annotations collected in NISV is resulted in 77% bein 4]
accurate, while in VU Amsterdam its accuracy is 50%.
From the significance test, it indicated that there were
associatins between different type of locations and
annotation performance on correctness. It showed that
the difference is statistically significant. [5]

How do the different types of user input modalities of

the local crowdsourcing affect the result?

Based on the geriment results, the average of g
annotations collected with audio input is 50% as

accurate, while the buttons input had of 68% accuracy
rates. From the significance test, it showed that there
was no significant difference and association in
between the typ of user input modalities and the

. 7
annotation platform correctness. [7]

From the information and answers given from each of the
previous questions, conclusion of the main research question's
answer can be derivetlvhat is an effective method for local (8]
crowdsaircing metadata gathering for an audio collectton

The local crowdsourcing approach, which was designed and
implemented in this platfornoffered aneffectivesolution for
eliciting annotations from osite participants.It was as g
accurate as 61% with up approximately 4 annotations per
hour. It showed that there was a significant association between
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APPENDIX

A. TABLE OFPREANNOTATED DATASET

Pre-annotated Instrument Answers

No Title Filename Classification Duration
25% 50% 75%
1  Oktavu etide soundl Plano music Piano Plano Plano 1m34s
2 Tautas polka sound2  Polkas, Folk dancing Violin, Trumpet Violin, Trumpet Violin 2md0s
3  Diena jauka soundi  Popular music Violin, Trumpet Trumpet Violin, Trumpet 2m59s
4  Florentine soundd  Popular music, Foxtrots Trumpet Trumpet Violin, Trumpet 2m59s
5 Mana dzimtene soundS  Foxtrots Violin, Trumpet Violin, Trumpet Violin, Trumpet 2m57s
Meitenes sirsnina sound6  Operas Violin, Piano Violin, Plano Violin, Piano 2mBs
7 Kadél uk llg! vilcinies tu?  sound?  Foxtrots, Jazz, Violin, Trumpet, Plano  Trumpet, Violin Trumpet, Piano, Violin = 2mdé6s
8  Dziedu tev soundd Popular music Violin, Piano Trumpet, Plano,Violin -~ Violin, Plano 2m53s
Serenade iz operas sound9 Operas, Arranged Piano Plano Plano 1m57s
10  Serenade soundl0  Violin with orchestra Violin, Piano Trumpet, Plano, Violin  Trumpet, Piano, Violin  2Zm31s

B. TABLE OFOBSERVEDAND EXPECTEDCOUNTSFORCHI-SQUARETEST

Observed Counts Expected Counts

Correct Incorrect Row Total Correct Incorrect Row Total

Difference on Locations

NISV 24.00 7.00 31.00 NISV 19.63 11.37 31.00
vu 14.00 15.00 29.00 vu 18.37 10.63 29.00
Column Total 38.00 22.00 60.00 Column Total 38.00 22.00 60.00

Difference on User Input Modalities

Audio 8.00 8.00 16.00 Audio 10.13 5.87 16.00
Buttons 30.00 14.00 44.00 Buttons 27.87 16.13 44.00
Column Total 38.00 22.00 60.00 Column Total 38.00 22.00 60.00

Column Total x Row Total

Expected Counts for each cells = - D
Grand Total

C. TABLE OFCHI-SQUARETEST

Observed (0) Expected(E) O-E (O-E)*2 (O-E)"2/E

Difference on Locations

NISV - Correct 24.00 19.63 4.37 19.10 0.97
VU - Correct 14.00 18.37 -4.37 19.10 1.04
NISV - Incorrect 7.00 11.37 -4.37 19.10 1.68
VU - Incorrect 15.00 10.63 4.37 19.10 1.80

Chi-Square Value 549

Difference on User Input Modalities

Audio - Correct 8.00 10.13 -2.13 4.55 0.45
Buttons - Correct 30.00 27.87 2.13 4.55 0.16
Audio - Incorrect 8.00 5.87 2.13 4.55 0.78
Buttons - Incorrect 14.00 16.13 -2.13 4.55 0.28

Chi-Square Value 1.67

2 (()
Chi-Square Value y° = Z WO =2
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